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Abstrakt

Typicka Crohnova choroba (CD), Crohnovska kolitida zasahujici pouze tlusté stievo,
atypicka ulcer6zni kolitida (UC) a typickd UC s kontinuélné rozloZenym zanétlivym postiZzenim
tlustého stfeva jsou v souc¢asné dobé vnimany jako makroskopicky i mikroskopicky se od sebe
lisici formy zanétlivych sttevnich onemocnéni (IBD). Vyskyt téchto imunitné podminénych
onemocnéni celosvétove nariistd v rdmei dospéelé i détské populace. Ackoliv je do jisté miry
znam podil genetického pozadi a faktorti vnéjSiho prostfedni na vznik téchto onemocnéni,
pfesna piicina rozvoje IBD neni stale uréena. Komplexni péce vyzaduje precizni a co nejlépe
daty podpoteny piistup vedouci k minimalizaci rizika komplikovaného pribéhu onemocnéni a
rozvoji s onemocnénim a/nebo 1é¢bou asociovanych komplikaci.

Hlavnim cilem préace je identifikace novych prediktivnich faktort zasahujicich do

jednotlivych oblasti péce o détské pacienty s IBD. Spektrum klinickych situaci, feSenych v
rdmci této prace zahrnuje moznost predikce diagnézy, obecné komplikovaného pribehu
onemocnéni, odpovédi na konkrétni terapeuticky rezim, rozvoj nezadoucich ucinki
asociovanych se zvolenym terapeutickym postupem a adherence pacienta k 16¢bé. Cast praci
byla provedena v retrospektivnim designu, ¢ast jako prospektivni observacni studie, dvé z
puvodnich praci vznikly jako multicentrické mezinarodni projekty.
k individualnimu odhadu ¢asu do relapsu u détskych pacientd s CD na 1é¢b¢ thiopuriny. Dale
jsme vytvofili modely predikujici hladinu metabolitli azathioprinu, kterd odrdzi vhodnost
davkovani Iéku nebo adherenci pacienta k jeho uzivani. Nové byl nalezen optimalni cut-off pro
hladinu metabolitii azathioprinu, ktery predikuje dosazeni zadoucich hladin infliximabu.
Identifikovali jsme infliximab, ve srovnani s adalimumabem, jako prediktor rozvoje koznich
nezadoucich u¢inkli u détskych pacientt s IBD. Ukézali jsme, Ze mira tkanové exprese CD30+
bunék je silnym prediktivnim faktorem klasifikace onemocnéni do jednoho z typi IBD. Naopak
moznost klinického vyuziti nebyla prokédzdna u stanoveni hladin tkanového kalprotektinu
(CPT) a fekalniho CPT ¢€asné po zah4jeni indukce vylu¢nou enterdlni vyzivou. Upozornili jsme
na limitované klinické vyuziti domadcich testd ke stanoveni hladin fekéalniho CPT.

Vysledky jednotlivych studii 1ze shrnout jako ziskani souboru novych informaci, na
zéklad¢ kterych lze ptedem odhadnout ur€ity jev, jehoz v€asné ovlivnéni, nebo 1épe jehoz
predejiti pfispiva k lepsi kontrole onemocnéni u détskych pacientii s diagnézou IBD. Diky nové
identifikovanym moznostem predikce konkrétnich klinickych otdzek je odpovéd na né
informovangjsi a lze tak predpokladat vétsi presnost pti rozhodovani.

Kli¢ova slova: predikce, zanétliva stfevni onemocnéni, 1é¢ba, diagnostika



Abstract
Typical Crohn's disease (CD), Crohn's colitis, typical and atypical ulcerative colitis

(UC) are currently perceived as different forms of inflammatory bowel disease (IBD). The
incidence of IBD is increasing worldwide in both the adult and paediatric populations. Although
the role of genetic background and environmental factors in the development of these diseases
is known to some extent, the exact cause of IBD has still not been determined. Comprehensive
care requires a precise and data-driven approach to minimize the risk of complicated disease
course and the development of disease-related and/or treatment-associated complications.

The main goal of this work is to identify new predictive factors affecting individual
areas of care of paediatric patients with IBD. The range of clinical situations addressed in this
work includes the possibility of predicting the diagnosis, the generally complicated disease
course, the response to a particular therapeutic regimen, the development of side effects
associated with the therapeutic procedure and the patient's adherence to the treatment. Part of
the original works was done in a retrospective design, part as prospective observational studies
and two of the original works were realized as multicentre international projects.

The most important outcome of the work can be considered the creation of a predictive
model of estimation of individual time to relapse in paediatric patients with CD on thiopurine
treatment. We also developed models predicting the level of azathioprine metabolites, which
reflect the suitability of the drug dosage or the patient's adherence to its use. An optimal cut-off
of the level of azathioprine metabolites, which predicts the achievement of the effective
infliximab levels, has been found. We identified infliximab, compared to adalimumab, as a
predictor of the development of skin side effects in paediatric IBD patients. We have shown
that the tissue expression level of CD30+ cells is a strong predictive factor of classifying the
disease into one of the IBD types. In contrast, the possibility of clinical usefulness has not been
demonstrated in the determination of tissue calprotectin (CPT) levels and faecal CPT levels
obtained early after initiation of treatment with exclusive enteral nutrition. We indicated the
limited clinical use of home tests to determine faecal CPT levels.

The results of individual studies can be summarized as the acquisition of a set of new
information, on the basis of which it is possible to predict a certain phenomenon, the early
influence or prevention of which, contributes to better disease control. Thanks to the newly
identified possibilities of predicting specific clinical questions, the answer to them is more

informed and it is possible to assume greater accuracy in decision-making process.

Kye words: prediction, inflammatory bowel disease, treatment, diagnostics



Seznam pouzitych zkratek

AZA: azathioprin

CD: Crohnova choroba

ELISA: enzyme-linked immuno sorbent assay

ESPGHAN: Evropska spole¢nost pro détskou gastroenterologii, hepatologii a vyZivu
fCPT: fekalni kalprotektin

GWAS: genome-wide association study

UC: ulcerdzni kolitida

IBD: zanétlivé sttevni onemocnéni

IBD-U: nezatraditelné zanétlivé sttevni onemocnéni

PCDALI: Pediatric Crohn's Disease Activity Index

PUCALI: Pediatric Ulcerative Colitis Activity Index

ROC: receiver operating characteristic

SES-CD: Simple endoscopic score for Crohn's disease

tCPT: tkainovy kalprotektin

UCEIS: Ulcerative Colitis Endoscopic Index of Severity
wPCDALI: weighted Pediatric Crohn's Disease Activity Index
6-MMP: 6-methylmercaptopurine

6-TG: 6-thioguanine nukleotid



Obsah
1. Uvod

1.1. Zéanétliva stfevni onemocnéni
1.2. Epidemiologie zanétlivych stievnich onemocnéni
1.3. Patogeneze a etiologie zanétlivych stfevnich onemocnéni
1.3.1. Genetické faktory
1.3.2. Faktory zevniho prostiedi
1.3.3. Stievni mikrobiom
1.4. Diagnostika
1.5. Lécba
1.5.1. Crohnova choroba
1.5.2. Ulcerdzni kolitida
1.5.3. Volba terapeutického sile: Treat-to-Target
1.5.4. Nezadouci ucinky a komplikace 1é¢by
1.5.4.1. Thiopuriny
1.5.4.2. Biologicka lécba
2. Cile prace
3. Metody
3.1. Datové soubory
3.2. Urceni cile predikce
3.3. Inovativni metodické piistupy
3.4. Statisticka analyza
4. Vysledky
4.1. Predikce diagnozy
4.2. Predikce aktivity onemocnéni
4.2.1. Endoskopicky nalez
4.2.2. Komplikovany pribéh onemocnéni
4.3. Lécba
4.3.1. Predikce individudlniho rizika relapsu ve vztahu ke konkrétnimu
terapeutickému postupu
4.3.2. Predikce trvajici efektu konkrétniho lécebného postupu
4.3.3. Predikce rozvoje nezddoucich u¢inkl asociovanych s konkrétnim
terapeutickym postupem

4.3.4. Predikce adherence k 1é¢bé

10
10
11
12
13
15
15
18
20
20
20
21
22
23
23
23
24
25
26
26
26
26
27
27

27
28

28
29



4.3.5. Predikce efektu kombinované 1écby

4.4. Mezinarodni observa¢ni prizkum

5. Diskuze

5.1. Predikace diagnézy: Imunohistochemické hodnoceni sliznié¢ni

exprese CD30+ bunek

5.2. Predikce aktivity onemocnéni
5.2.1. Pfesnost stanoveni hladiny fekalniho kalprotektinu pomoci doméciho testu
5.2.2. Limitované vyuziti tkadnového kalprotektinu pro predikei
komplikovaného pribéhu ulcerdzni kolitidy

5.3. Predikce vysledku 1écby
5.3.1. Predikce ¢asu do relapsu u détskych pacientii s Crohnovou chorobou
lécenych thiopuriny
5.3.2. Predikce ¢asné odpovéedi na zvoleny terapeuticky rezim pomoci
fekalniho kalprotektinu
5.3.3. Rizikové faktory rozvoje nezddoucich tc¢ink biologické 1écby
5.3.4. Adherence k uzivani thiopurinii
5.3.5. Optimalizace kombinované 1€cby

5.4. Imunizac¢ni a vakcinacni status u détskych pacientti s IBD

6. Zavér

Souhrn

Summary

Reference

29
29
31

31
31
31

32
32

32

34
34
35
35
36
37
38
39
40



1. Uvod

1.1. Zanétliva stievni onemocnéni

Typickd Crohnova choroba (CD) s postizenim tenkého stfeva, Crohnovska kolitida
zasahujici pouze tlusté stievo, atypicka ulcerdzni kolitida (UC) a typicka UC s kontinudlné
rozlozenym zéanétlivym postizenim tlustého stfeva jsou v soucasné dobé vnimany jako
makroskopicky i mikroskopicky od sebe se liSici formy zanétlivych stfevnich onemocnéni
(IBD) [1]. Kontinuita IBD a vnimani jednotlivych subtypt spiSe s ohledem na odpovéd na
zvolenou terapii je stale vice aktudlnim tématem [2]. V piipadé, kdy nelze spolehlivé urcit
podtyp IBD, je imunitné podminény stfevni zanét oznacen jako nezatraditelné zanétlivé stievni
onemocnéni (IBD-U) [1].

Klinicky je onemocnéni charakteristické predevsim piiznaky plynoucimi z chronicky
probihajiciho zanétlivého postizeni gastrointestinalniho traktu. Vedle intestindlni manifestace
se lze u pacientd s IBD setkat i tzv. extraintestindlni projevy, mezi které patii napt. artritida,
kozni projevy (erythema nodosum, pyoderma gangrenosum) nebo uveitida.

Pro samotny priibéh onemocnéni je pfiznacné stiidani fazi remise a tzv. flari, tedy
vzplanuti zanétlivé aktivity. Castd obdobi s vysokou aktivitou onemocnéni mohou mit vliv
nejen na samotny stievni zanét, jeho pribéh a mozny rozvoj s onemocnénim asociovanych
komplikaci, ale vyznamné se podili i na psychosociélni strance Zivota pacienta. Navozeni a
nasledné udrZeni remise ma tak vyznam ve vice rovinach péce o pacienta s diagnézou IBD.
Dobfte stanovena diagndza a pecliva monitorace aktivity onemocnéni hraje dtlezitou ulohu v

1é¢be a dalsi progndze pacienta [3, 4].

1.2. Epidemiologie zanétlivych stfevnich onemocnéni

Nartistajici pocet pacientd s diagnézou IBD je jiz dobfe znamym trendem v zemich tzv.
zapadniho svéta [5, 6]. Ve Spojenych statech Americkych a Evropé je dle recentné provedené
meta-analyzy celkovy pocet nemocnych odhadovan na vice nez 1,5 a pies 2 miliony pacienti
[7]. V posledni dob¢ se za¢indme nove setkavat s daty, kterd indikuji nardst poctu pacientli s
diagnézou CD, UC nebo IBD-U i v oblastech pro IBD spiSe vzacnych jako Jizni Amerika, Asie,
Afrika a Vychodni Evropa [8]. Tento epidemiologicky posun v oblastech s recentné nartstajici
industrializaci napadné pfipomina ndrtst poctu diagn6z IBD v tzv. zadpadnim svété v 50. letech
20. stoleti, pro ktera je charakteristicky velmi rychly socio-ekonomicky rozvoj [7]. Tyto zmény
v rozlozeni pacientll s IBD naznacuji moznou vyznamnost vlivu faktorii vnéjsiho prostiedi na

vznik a pribéh onemocnéni.



Incidence i prevalence IBD se nicméné v jednotlivych oblastech svéta stale vyraznég 1isi
[7, 9]. Celosvétova incidence IBD se dle recentné provedené meta-analyzy pohybuje v rozmezi
od 0,5 do 23 / 100 000 [9]. Mezi regiony s nejvyssi incidenci IBD stale patii Evropa (12,9 /
100 000) a Severni Amerika (13,9 / 100 000) [9]. Nejvyssi incidence IBD vibec byla
zaznamenana na uzemi Faerskych ostrovi. [10] Prevalence je v soucasné dobé v evropské
populaci odhadovana na 0,3 % populace [11].

Nartist poctu pacientli diagnostikovanych s IBD se vyznamné dotyka i détské populace.
V roce 2014 byla incidence IBD mezi détskymi pacienty uvadéna v rozmezi od 2,5 do 11,4 /
100 000 s odhadovanou prevalenci 58 / 100 000 [12]. V ramci détské populace byl ve vztahu k
vyskytu IBD zaznamendan tzv. severojizni gradient, tedy napadné vyssi pocet pacientd s IBD
v severnich zemich. Toto rozloZzeni mulze naznacovat vliv primérné ro¢ni teploty nebo
rozdilnosti ve vyspélosti mezi jiznimi a severnimi staty.

Stale se zvysujici pocet pacientd s diagndézou IBD s sebou nese i nartistajici ekonomické
naroky na zajisténi péce. Terapie pacientil s IBD stoji v Evropé€ ro¢né 4,6 — 5,2 miliardy Euro.

[11]

1.3. Patogeneze a etiologie zanétlivych stFevnich onemocnéni

Piesné pfic¢ina vzniku imunitné podminéného stfevniho zanétu neni stale spolehlivé
urcena. Na rozvoji IBD je pfedpokladan podil a nasledna kombinace vice faktorti, konkrétné
faktorti vnéjsiho prostiedi a genetické predispozice pacienta. Obecné Ize IBD chépat jako
multifaktorialni polygenni onemocnéni, s vyjimkou spiSe minoritni skupiny pacientd, u nichz
je rozvoj klinické symptomaticky odpovidajici IBD podminén konkrétnim genetickym

defektem [13, 14].

1.3.1. Genetické faktory

Ucast genetického vlivu na rozvoj IBD lze predpokladat u viech forem tohoto
onemocnéni, vétsi podil genetického rizika byl zjistén u pacientii s CD [15]. ZvySené riziko
rozvoje IBD bylo popsano u prvostupniovych ptibuznych s odhadovanym relativnim rizikem
26 u sourozencd a 9 u rodici [16].

Prvnim popsanym genem asociovanym s CD byl gen NODZ2. Aktuélné€ jsou ve vztahu
k CD popsany tii patogenni varianty. Nejsilngj$i asociace mezi rozvojem CD u pacientl
v Ceské republice byla zjisténa s variantou 1007fs [17], kterd je dale asociovana s niZz§im
vékem prvnich projevii onemocnéni a postizenim ilea [17]. Zékladni funkce genu NOD?2

spociva v kodovani proteinu, ktery je intracelularnim receptorem pro ¢ast bakteridlni stény
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(muramyl-dipeptid) [18], dale se pravdépodobné podili na indukci stresu endoplazmatického
retikula [19] a recentné byla studovéna i jeho tiloha v autofagii vedouci k eliminaci bakterii [20,
21]. Nicméng, ptesny mechanismus, jakym dochézi k rozvoji CD pod vlivem patogennich
variant NOD2, nebyl dosud definitivné urcen [22].

Dalsim dutlezitym zjisténim byla asociace mezi CD a variantou genu /L23R, tedy genu
kédujicim protein IL23 receptoru. V disledku varianty, zamény Arg381Gln, dochézi ke ztraté
funkce vysledného proteinu, a tim k vyznamnému snizeni Th17 odpovédi. Pfitomnost varianty
IL23R je tak ochrannym faktorem ve vztahu k rozvoji CD [23].

Dale byly popséany asociace s CD a variantami napt. v: ATGI6L1 [21, 24], IRGM [25],
jejichz vysledné proteiny maji dilezity vyznam v autofagocytarnich drahach nebo PTPN22,
typicky autoimunitnim genu [17].

V pribéhu casu se znaéné zménil piistup v metodach aplikovanych pii hledani
potencidlnich genetickych variant asociovanych sIBD. Zatimco vySe zminéné geny byly
objeveny pomoci vazbovych studii s pouzitim mikrosatelitnich markerit k vytipovani
chromozomélnich regiont, kde by se geny podilejici se na vzniku IBD mohly nachézet, nebo
pomoci tzv. metody genome-wide association study (GWAS), dnes je vyzkum v této oblasti
soustfedén predevsim na metodu sekvenovani. Nutnost zmény piistupu zdlraznuje 1 zjisténi,
7ze metoda GWAS dokézala odhalit pouze 13,6 % variability CD a 7,5 % variability UC [26].
Mezi faktory, které nelze pokryt pomoci metody GWAS a mohou pfispét ke heritabilit¢ IBD,
byly zvazovany predevsim epigenetika nebo velmi nizké frekvence vyskytu v populaci [27].
V ramci epigenetickych zmén, které mohou mit vliv na rozvoj IBD, byly postupné popsany
DNA metylace, modifikace histonu, RNA interference. Naslednou kombinaci genetickych a
epigenetickych informaci byly zjistény dalsi genetické faktory asociované s rozvojem IBD
[28]. Diky vyuziti nové metody sekvenovani byly identifikovany ¢etné monogenni defekty,
vedouci k rozvoji onemocnéni klinicky se projevujici jako IBD s velmi casnym néstupem [29].
Vyznam znalosti monogennich forem onemocnéni spociva predevsim ve zcela odlisné 1écebné
strategii. U pacientd s monogenné¢ podminénym onemocnénim léba smétuje predevsim k
alogenni transplantaci hematopoetickych kmenovych bunék (defekty I1.10 signalizace, IPEX,
Wiscott-Aldrichtiv  syndrom, chronickd granulomatéza, deficience XIAP) nebo podani

antagonisty IL-1p receptoru (deficience mevalonat kinazy, chronicka granulomatéza).

1.3.2. Faktory zevniho prostiedi
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Znalost vztahu mezi faktory vnéjsiho prostedi a rozvojem IBD je limitovana predevSim
faktem, ze vSechny prace na toto téma, byly provedeny jako observacni studie a neumoziuji
tak hodnotit kauzalitu sledovaného jevu, ale pouze jeho asociaci k IBD.

Jednim z nejvice studovanych faktorti bylo koufeni cigaret, které se prokazalo jako
protektivni faktor vzhledem k rozvoji UC, tedy aktivni koufeni cigaret bylo asociovano
s niz§im rizikem rozvinuti UC [30-32]. Ve vztahu koufeni cigaret k CD byla naopak popsana
asociace se zvySenim rizika rozvoje onemocnéni, kdy aktivni kutéci ve srovnani s jedinci, ktefi
nikdy nekoutili, méli 0 90 % vyssi riziko rozvinuti CD [30]. V piipad¢ pasivniho koufeni nebyl
prokézan vyznamny vliv na rozvoj CD nebo UC [33].

Dals$im faktorem, u kterého byla popsana asociace se zvySenim rizika CD, je osobni
anamnéza appendektomie [34]. V tomto piipad¢€ je vSak tieba zminit pokles zvySeného rizika
(uvadéné odhadované relativni riziko je 1,6) zpét na popula¢ni pét let po provedeni
chirurgického vykonu. Tento fakt miize v jisttm ohledu naznacovat chybnou plivodni
diagnozu.

V ramci détské populace jsou data, tykajici se vlivu faktort vnéjsiho prosttedi na rozvoj
IBD, jesté vzacngjsi. Jednim z nejsledovanéjsich jevi u détskych pacientd bylo kojeni, jehoz
uvazovany protektivni vliv vi¢i rozvoji IBD nelze z dosud provedenych studii presveédéive
potvrdit nebo vyvratit [35, 36]. Stejné tak prace, jejichz cilem bylo ovéfeni vlivu hygienické
hypotézy na rozvoj IBD v détském veéku, nejsou dostatecné, aby bylo mozné na jejich zaklade
tuto otdzku spolehlivé uzaviit [37]. Vysokou rozliSnosti v zadvérech se prokazaly i prace
zabyvajici se otazkou indukce IBD u détskych pacient vlivem psychického stresu [38-40].
Naopak ochrannym faktorem ve vztahu k rozvinuti IBD se zd4 byt pobyt mimo méstské
prostredi [41, 42].

Dalsim intenzivné diskutovanym tématem je zvySené riziko rozvoje IBD vlivem
stravovani. Ackoliv vystupy provedenych praci neumoznuji vytvoteni jednozna¢ného
stanoviska, v ramci jedné ze studii byla prokdzana asociace mezi vy$$im piijmem vlakniny a
nizs$im rizikem vzniku CD [43]. Dalsi prace spiSe naznacuji negativni vliv ,,zapadniho* zptisobu
stravovani [44, 45]. Jednoznaény vliv na rozvoj IBD nebyl popsén ani ve vztahu k infekeim

nebo antibiotické 1écbé [11, 37, 46].

1.3.3. Stirevni mikrobiom
V soucasné dobé¢ je k dispozici celd tada praci prokazujici asociaci mezi zménou
sttevniho mikrobiomu a aktivnim zanétlivym stfevnim postizenim [47, 48]. Zmény ve

specifickém zastoupeni, ve smyslu chybéni i pfebyvani, a diverzit¢ kmend jsou i diky
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intenzivné se rozvijejicim novym technologiim velmi dobfe dokumentovany [49]. K dispozici
je také recentné publikovana prace, ktera zachycuje vztah mezi tizi postizeni a zastoupenim
konkrétnich bakteridlnich kment [50]. Opét vSak nelze ur€it, zda je zména stievniho

mikrobiomu pfi¢innou nebo disledkem zanétlivé zmeéneéné stievni sliznice.

1.4. Diagnostika

Na zéklad¢ aktudlnich mezinarodnich doporuceni pro diagnostiku a 1écbu détskych
pacientll s IBD je definitivni stanoveni diagnézy mozné az po provedeni endoskopického
vySetieni, histologického vySetfeni bioptickych vzorkt odebranych ze vSech etazi traviciho
traktu a zobrazeni tenkého stfeva, nejCastéji pomoci magneticko-rezonancni enterografie
(MRe). Diagnoza je vétSinou definitivné stanovena po aplikaci tzv. revidovanych Portskych
kritérii pro diagnostiku IBD v détském veku [1].

V piipad¢ klinického podezfeni na diagnézu IBD piedchazi indikaci k provedeni
endoskopického vySetfeni v détském veku neékolik krokli. V prvni fadé je doporuceno vyloucit
infekéni pfic¢inu klinickych pfiznakd. Po vylouceni infekéni etiologické agens a pii trvani
klinickych obtiZi je provedeno komplexni laboratorni vySetfeni zaméfené na parametry, které
mohou naznacovat ptitomnost imunitné¢ podminéného sttevniho zanétu, jako je sedimentace
erytrocytli (ESR), pocet trombocytli, hladina hemoglobinu, C-reaktivniho proteinu (CRP) a
albuminu [51-54]. Negativita téchto parametrii nevylucuje pfitomnost zanétlivého stievniho
postizeni a miize byt zachycena u pacientll s mirnym stfevnim zénétem [53]. DalSimi
laboratornimi parametry, jejichZ asociace s diagnozou CD nebo UC byla popséna v diive
publikovanych studiich, jsou protilatky proti Saccharomyces cerevisiae (ASCA) a protilatky
proti cytoplazmé neutrofili (ANCA) [54]. Dle dostupnych dat se nicméné stanoveni hladiny
téchto imunologickych parametrii nejevi jako piesnéjsi s ohledem na urceni diagnézy IBD, nez
vyuziti bézné dostupnych hematologickych a biochemickych parametrii [54]. Biomarkery
ziskané ze stolice byly v tomto ohledu v mnoha ptedchozich pracich uréeny jako nejcitlive)si
laboratorni parametry [55]. Asociace s piitomnosti sttevniho zanétu byla nejvice studovana ve
vztahu k fekdlnimu kalprotektinu (fCPT), jehoZ namétfend hladina je mezi laboratornimi
endoskopického vySetteni u détskych pacientii [56-58].

Po rozhodnuti o indikaci je dle aktudlnich doporuceni v ramci endoskopického
vySetteni u détskych pacientd s podezienim na IBD nutné provést esofagogastroduodenoskopii

(EGDS) a totalni kolonoskopii se zobrazenim terminalniho ilea a adekvatnim odbérem
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bioptickych vzorkt k histologickému vySetfeni. Podminkou dokonceni diagnostického procesu
je doplnéni zobrazeni tenkého stieva, nejcastéji pomoci MRe [1].

Na zédkladé¢ endoskopického nélezu je tedy v naprosté vétsingé ptipadi definitivne
rozhodnuto o pfitomnosti nebo neptitomnosti IBD. Dalsim krokem je vyuziti vSech ziskanych
informaci ke klasifikaci nové diagnostikovaného stfevniho zanétu do jednoho ze subtypa IBD.
Aktudlni klasifikace détskych pacientti s IBD je dokumentovéna v tzv. revidovanych Portskych
kritériich [1]. Ackoliv recentné provedené prace poukazuji na dilezitost vnimat subtyp IBD
s ohledem na pravdépodobnost odpoveédi na uréity terapeuticky rezim [2] a tedy zohlednit
atypické formy UC nebo CD, aktudlné uzivana Portska kritéria rozdeluji détské pacienty do tii
tradi¢nich fenotypi, CD, UC a IBD-U.

K bliz§imu urceni intenzity a podrobnéjsi klasifikaci je v rdmci détské gastroenterologie
uzivana tzv. Pafizska modifikace [59] a Montrealské klasifikace [60] (Tabulka 1, 2).

Spravné urceni diagndzy a tim optimalné¢ zvolena lécebnd strategie mize podstatné
ptispét k prevenci rozvoje opakovanych relapsi onemocnéni a/nebo s IBD asociovanych
komplikaci [61]. Identifikace dalSich parametrti umozniujicich presnéjsi klasifikaci imunitné
podminéného stievniho zanétu, a pfedevsim predikci odpovedi na konkrétni terapeuticky rezim,

ma tak v péci o détské pacienty s IBD Siroky vyznam.

Tabulka 1. Patizska klasifikace pro pacienty s diagnézou CD [59]

Polozka Zkratka Popis
Vék v dobé diagnozy Ala <10let
Alb 10 — 16let
A2 17 — 40let
A3 >40let
Lokalizace onemocnéni L1 Postizeni distalni 1/3 ilea + omezené

cékalni postizeni

L2 Postizeni kolon

L3 Ilekokolické postizeni

L4a Postizeni hornitho GIT po Treitzovo
ligamentum

L4b Postizeni horntho GIT od Treitzova

ligamenta po 1/3 ilea

Chovani onemocnéni B1 Nestrikturijici, nepenetrujici
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B2 Strikturujici

B3 Penetrujici
B2B3 Strikturujici a penetrujici
p Perianélni fistulujici

Rust GO Bez znamek poruchy ristu
Gl Porucha rtistu

Tabulka 2. Patizska klasifikace pro pacienty s diagnézou UC [59]

Polozka Zkratka Popis
Rozsah onemocnéni El Proktitida
E2 Levostranna kolitida
E3 Extenzivni kolitida (distadlné od linedlni
flexury)
E4 Pankolitida (proximalné¢ od hepatalni
flexury)
Zavaznost prubéhu SO Bez akutni té¢zké kolitidy
S1 Minimélné 1 x akutni té€zka kolitida

1.5. Lécba

Lécba IBD je témét vzdy rozdélena do dvou Castecné se piekryvajicich fazi. Jako prvni
je zahdjena indukce remise, kterd je ¢asné nasledovana aplikaci dlouhodobé udrzovaci 1€cby
s cilem navozenou remisi udrzet. Volba 1écebné strategie se 1isi jak v zdvislosti na diagndze,
tedy pro pacienty s CD a UC, tak i v ramci jedné diagndzy, dle rozsahu a chovani onemocnéni,
véku, pfitomnosti poruchy riistu, moznych nezadoucich u¢inki asociovanych s 1é¢bu a kvality
Zivota pacienta [62, 63]. Vyznam personalizace 1é¢ebné strategie pacientli s diagnézu IBD je

v poslednich letech stale vice zduraziiovan [63].

1.5.1. Crohnova choroba

U vétsiny détskych pacientt s nové stanovenou diagnézou CD je na zakladé aktualnich
mezinarodnich doporuceni [63] volena indikce remise cestou tzv. vyluéné enteralni vyzivy
(EEN), ev. kortikosteroidy pti prokéazané netoleranci EEN, a to i za vyuZiti naso-gastrické
sondy k jejimu podani. U pacientli, kteti spliiuji kritéria mirné az stiedné tézké choroby,

definované pomoci indexu aktivity onemocnéni ,,weighted Pediatric Crohn's Disease Activity
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Index™ (WPCDAI) [64] <10 a >40 je dle recentn¢ publikované prace [65] k navozeni remise
mozné vyuzit specifického dietniho rezimu ,,Crohn’s Disease Exclusion Diet™ (CDED). Pii
srovnani EEN a CDED byla pacienty prokazatelné l1épe tolerovana CDED, ob¢ terapeutické
metody vedly k navozeni remise v Sestém tydnu, trvajici remise byla popsana u signifikantné
vétsiho poctu pacientli uzivajicich CDED. Posledni metodou, u které byl aktualné prokazan
efekt pti navozeni remise CD u détskych pacienti, je kombinace antibiotické 1€cby [66].

7da se, Ze po Uspésném navozeni remise nema jiz zddna z metod indukéni 1écby ptilis
velky efekt na jeji nasledné udrZeni, pokud neni soucasné zahdjena dlouhodoba udrzovaci
terapie [67]. I v tomto ohledu lze volit z nékolika moznosti. U¢innost na udrZeni remise u
détskych pacientll s diagnézou CD byla prokazana piedevsim u thiopurinti [68], které jsou
aktualné v tomto ohledu metodou volby [63]. DalSim lékem, jehoz efekt na trvani remise byl
popsan v diive publikovanych pracich, nicméné provedenych predevSsim na dospélych
pacientech, je methotrexat (MTX) [69]. V rdmci péce o détské pacienty s CD je tak ve vetsing
ptipadil volen az pfi netoleranci nebo neefektivité azathioprinu (AZA). K 1é¢bé nejrizikovejsich
détskych pacienti s CD jsou pouzivany preparaty biologické 1écby, v prvni linii anti tumor
nekrotizujici faktory a (aTNF), infliximab (IFX) a adalimumab (ADA) [63].

Kli¢ovym krokem pro spravné zvoleny lécebny postup je identifikace jedincl ve
vysokém riziku komplikovaného pribéhu onemocnéni, jak znazoriuje Obrazek 1. Prediktivni
faktory obecné komplikovaného pribéhu CD nejsou v détské populaci dosud spolehlive
definované. Podstatné 1épe jsou popsany u pacientti s CD dospélého veku. Z toho divodu
¢astecné vychazime z dat ziskanych na dospélych pacientech i pti predikci pribéhu onemocnéni
u deti [12]. Mezi uvazované prediktivni faktory patii: mlady veék v dobé diagnézy, extenzivni
forma nemoci, postizeni horni €asti gastrointestinalniho traktu, lokalizace zanétu v ileu,
periandlni postiZeni, strikturujici nebo penetrujici forma CD, zachyt hlubokych ulceraci pti
endoskopickém vySetfeni, koufeni, nutnost uzivani systémovych kortikosteroidi v dobé¢
diagnézy a nekteré varianty genu NOD?2 [61, 70-78].

Jako mozné parametry predikujici komplikovany pribéh nemoci u détskych pacientti
byly zatim zkoumdany nasledujici: v€k v dob¢ diagnézy, pohlavi, rlistova retardace, index
aktivity onemocnéni ,,Pediatric Crohn’s Disease Activity Index (PCDAI) [64], chovani a
lokalizace onemocnéni, perianalni postizeni, hladina CRP a fCPT v dobé diagnézy, mira
imunitni reakce a urcité formy genotypu. Studie zabyvajici se timto tématem nejsou ve svych
vysledcich jednotné a parametry, které by spolehlivé predikovaly komplikovany pribéh
détského IBD, nejsou stale jasn¢ vymezené. Dle nékterych studii byly vyssi vék v dobe

diagnozy, Zenské pohlavi, riistova retardace v dobé diagndzy, lokalizace onemocnéni v tenkém
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stieveé, SES-CD, perianalni postiZeni, zvySena hladina CRP a fCPT v dob¢ diagnozy, zvysSena
imunitni reakce a varianty genu NODZ2 hodnoceny jako parametry s moznou prediktivni silou

vzhledem k dal$imu prabéhu nemoci [79-85].

Bez udrzovaci lécby

Pacienti s novou

diagndzou sl | 6¢ha imunomodulétory

Crohnovy choroby
\ Lécba anti-TNF ¢i

ileocékalni resekce

Obrazek 1.
Drskova T., Hradsky O., Bronsky J., Identifikace prediktivnich faktori casného relapsu
onemocnéni u détskych pacientii s Crohnovou chorobou lééenych thiopuriny, Ces-Slov ped

2017, 72 (5): 282-289

Dalsim terapeutickym postupem, ktery je mozné uplatnit u vybrané skupiny détskych
pacientd s CD s lokalizovanou formou onemocnéni, je ileocékdlni resekce (ICR). Indikaci
k provedeni chirurgického vykonu je pfitomnost striktury v ileocékdlnim piechodu
s prestenotickou dilataci, penetrujici forma onemocnéni, tézké rlstova retardace nebo
refrakterita lokalizovaného zanétu k medikamentézni 1€¢bé [63]. Ackoliv je u malého poctu
pacientll ICR kurativnim vykonem, s ohledem na vysoké riziko rekurence onemocnéni je u
téchto pacientl doporucovano pravidelné endoskopické sledovani. Prvni postoperaéni
endoskopie by méla byt provedena do Sesti az dvanacti mésicti od provedeného chirurgického
vykonu [63]. V pfipad¢ zachytu endoskopické rekurence zanétlivého postizeni, definovaného
pomoci endoskopického skoérovaciho systému dle Rutgeertse [86], je indikovana eskalace
terapie. U pacienttl dosud nelééenych aTNF mohou byt ke snizeni rizika postoperaéni rekurence

podavany thiopuriny. Eskalace medikace, tedy aTNF preparatd, je doporucena ihned pii
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zachyceni endoskopické rekurence onemocnéni. U pacientt, kteti byli kratce pred ICR 1éceni
aTNF preparaty, je doporuceno pokracovat po provedeni chirurgického vykonu ve stejné
medikaci [63]. Koufeni, penetrujici forma onemocnéni, pfedchozi resekce stieva a pozitivni
endoskopicky nélez Sest mésicli po provedené resekci se zadaji byt rizikovy faktory predikujici
nutnost dalsi 1écby u dospélych pacientd [87]. V ramci détské populace je v soucasné dobe

v tomto ohledu k dispozici jen velmi limitované mnoZstvi evidence.

1.5.2. Ulcerodzni kolitida

U détskych pacientd s diagnéozou UC je dle aktualnich mezindrodnich doporuceni
mozno volit mezi dvéma zplisoby indukce remise [62]. Rozhodujicim faktorem je predevSim
mira intenzity onemocnéni. K objektivnimu hodnoceni intenzity nemoci lze u détskych
pacientd s UC efektivné vyuzit klinického skoérovaciho systému ,,Pediatric Ulcerative Colitis
Activity Index (PUCAI) [88] (Tabulka 3), jehoz korelace s endoskopickou aktivitou
onemocnéni je velmi dobie dokumentovéna v diive publikovanych pracich [89, 90]. Pti PUCAI
10-35 bodt je doporuceno zahdjeni terapie 5-aminosalycylaty (5-ASA) podanymi systémove
(perordln€), eventudlné lokalné (rektdln€¢) v piipadé endoskopického ndlezu proktitidy.
V piipadé¢ PUCAI 40-60 bodl je s pfihlédnutim na moznou alteraci celkového stavu
doporuceno vedle aplikace 5-ASA zvazit podani systémovych kortikosteroidd. Pokud je
hodnota PUCALI 65 a vice bodt, hovofime o stavu tzv. akutni tézké kolitidy (ASC), kterd muize
byt Zivot ohrozujici situaci a jejiz 1écba se tidi presné definovanym protokolem [91]. Terapie
je vtomto ptipadé vzdy zahdjena intravenozné aplikovanymi kortikosteroidy se soucasnym
preruSenim podéavani 5-ASA. Pokud nedojde po péti dnech od zahajeni 1écby k poklesu PUCAI
pod 65 bodd, je indikovano podéni tzv. terapie druhé linie, mezi kterou patii [FX, tacrolimus
nebo cyklosporin. Druhou alternativou této situace je provedeni kolektomie, kterd pokud neni
provedena nyni, je indikovana kdykoliv v dalsim pribéhu, nedojde-li ke zlepseni klinického
stavu pacienta s poklesem PUCAI pod 65 bodi, nejpozdéji vSak ¢trnacty den od zahdjeni

terapeutického postupu.

Tabulka 3. Pediatric ulcerative colitis activity index (PUCALI) [88]

Polozka Body
Bolest bricha

Z4dna 0
Muze byt ignorovana 5
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NemiiZe byt ignorovana

Krev ve stolici

Z4dna

Malé mnozstvi v méné€ nez 50 % stolic
Malé mnozstvi ve vétsing stolic
Velké mnozstvi krve (vice nez 50 % objemu stolice)
Konzistence vétSiny stolic
Formovana

Caste¢n& formovana

Zcela neformovana

Pocet stolic za 24 hodin

0-2

3-5

6-8

>8

Noc¢ni stolice

Ne

Ano

Denni aktivita

Bez omezeni aktivity

Obcasné omezeni aktivity

Vyznamné omezeni aktivity

Dlouhodoba 1écebna strategie u détskych pacientli s UC je dle aktualnich doporuceni
volena s ohledem na odpovéd’ na indukéni terapii [62]. U pacientli, u nichZ je zaznamenéana
dobra reakce, definovana jako pokles PUCAI o minimalné 20 bodl, nebo v lepsi piipadé
dosazeni remise onemocnéni (PUCIA 10 a méné bodu), je vhodné pokracovat v udrZzovaci
terapii pomoci 5-ASA. V ptipadé trvajici aktivity nebo opakovanych relapsi onemocnéni na
takto zavedené lécbe je doporuceno zahdjeni podéavani thiopurind. V ptipadé chronicky
aktivniho nebo kortikodependentniho zanétu, ktery nelze kontrolovat pomoci 5-ASA a/nebo
imunomodulatoru, je u détskych pacientd s UC indikovano zah4jeni biologické 1écby. Pokud

nedojde k dosazeni a udrzeni remise ani za aplikace preparatli biologické 1écby, je tfeba zvazit

provedeni kolektomie [62].
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Rozhodovani o 1é¢ebném postupu u détskych pacientd s UC na zdkladé zmén v PUCALI
je limitovano ptedevsim skutecnosti, ze prediktivni hodnota PUCALI vii¢i pribéhu onemocnéni

byla testovana pouze ve vztahu k ASC [89, 90].

1.5.3. Volba terapeutického cile: Treat-to-Target

Pfi hodnoceni efektu zvolené 1é¢ebné strategie je tfeba velmi dobie urcit podle jakého
faktoru je uspesnost podavané terapie posouzena. Jiz pti zahdjeni terapie by tak mél byt jasne
vymezen jeji cil, jehoz dosazeni by meélo sco nejvyssi pravdépodobnosti predikovat
nekomplikovany pribéh onemocnéni. Identifikace terapeutického cile se tak v ramci péce o
pacienty s IBD zda byt jednim z nejdualezitéj$ich kroki.

Se zdmérem urceni optimélnich terapeutickych cild byl navrzen koncept ,,Treat-to-
Target™, zaloZzen na kombinaci informaci ziskanych systematickym prohledanim diive
publikovanych praci a ndzori odborniki [92]. Tento koncept, plivodné¢ omezen pouze na
dospélé pacienty s IBD, byl recentné revidovan a aktualné€ zahrnuje stanovené terapeutické cile
pro ob¢, détskou i dospélou populaci [93].

Terapeutické cile jsou v pojeti konceptu Treat-to-Target casoveé ohrani¢eny a vymezeny
jako kratkodobé, sttednédobé a dlouhodobé, nedosazeni kazdého z nich by mélo vést ke zméne
a/nebo intenzifikaci terapeutického ptistupu. V ramci détské populace je klinickd odpoved’,
definovéna jako pokles PCDAI o 12,5 bodu, pokles wPCDAI o 17,5 bodu pro pacienty s CD a
pokles PUCAI o 20 bodii u pacientt s UC, zvolena cilem, kterého by mélo byt dosazeno kratce
po zahdjeni terapie. Jako sttednédoby lécebny cil autoii prace uvadeji dosazeni klinické remise
(PCDAI <10 bodti a PUCAI <10 bodi), normalizaci fCPT a CRP. V dlouhodobém ¢asovém
horizontu by cilem uspésné 1écby IBD u détskych pacienti mél byt normélni rdst a

endoskopicky hodnocené dosazeni slizni¢niho hojeni.

1.5.4. Nezadouci uc¢inky a komplikace 1écby
1.5.4.1. Thiopuriny

Lécba thiopuriny s sebou nese zvySené riziko rozvoje gastrointestindlni intolerance a
reakei alergického typu, myalgii a artralgii, hepatotoxicity, atlumu kostni dien¢ a akutni
pankreatitidy [64, 94-96]. V piipad¢ podavani thiopurinil je nejobavanéjsim, ackoliv velmi
vzacnym, vedlejSim ufinkem mirn€¢ zvySené riziko vyskytu nékterych malignit [97].
Imunosupresivni lécba stejné jako chronicky probihajici zanét maji velmi pravdépodobné podil
na rozvoji lymfoproliferativnich onemocnéni. Ackoliv odlisit, kterd ze dvou slozek se na vzniku

lymfoproliferace podili vice, je komplikované, dle dostupnych dat se zdéa riziko rozvoje

20



lymfoproliferativniho onemocnéni v asociaci s thiopruriny tfi az Sestkrat pravdépodobnéjsi [98-
100]. Na rozvoji dvou typti lymfomi, které byly ¢astéji identifikovany u pacientli uzivajicich
imunosupresivni 1écbu, mé vyznamny podil infekce Epstein-Barrové virem (EBV). Monitorace
EBV sérologického statusu je doporucovana v ramci rutinnich vySetfeni pied zahajenim

aplikace thiopurint [63].

1.5.4.2. Biologicka lécba

Rozvoj nezadoucich ucinkd je dilezitym faktorem, ktery muze znacné limitovat
aplikaci aTNF. NejcastejSim projevem jsou v tomto ohledu kozni 1éze psoriasiformniho, mén¢
casto atopického charakteru. V retrospektivni praci byl u 84 détskych pacientt s IBD jakykoliv
kozni projev ve vztahu k IFX popsan u 48 % z nich po 2 letech sledovani [101]. Podavani aTNF
medikace je spojeno s vys$$im rizikem zavazn€ probihajicich a oportunnich infekci [102].
Vzhledem k nepostradatelné tloze cytokinu TNFa v potlaceni infekce vyvolané mykobakterii
je pred zahgjenim aplikace aTNF nezbytné vyloucit latentni formu tuberkulézy. Za timto
ucelem je dle aktualnich doporuceni hodnocen klinicky stav pacienta, prosty rentgenovy
snimek hrudniku, vysledek kozniho tuberkulinového testu Mantoux II a negativita interferon —
y release assay (IGRA) [63]. Zavaznou komplikaci, kterd vede k nutnosti ukonéeni aplikace
konkrétniho aTNF preparatu, je akutni infuzni reakce, vyvoland v nékterych piipadech
pfitomnosti protildtek proti aTNF, které mohou mit za ndsledek i1 ztratu odpovedi
k podavanému léku. Mezi détskymi pacienty byla v diive provedené prospektivni studii tato
ztrata odpovédi zaznamenéana u 39 % pacientll v 60. tydnu od zahajeni 1é¢by [103]. Z pohledu
ztraty odpovédi k podavanému aTNF, je mozné odlisit dvé situace. Prvni z nich je tzv.
farmakokinetické selhani, o kterém hovofime v pfipad¢ pfitomnosti protilatek proti aTNF
preparatu a/nebo nedostateénych sérovych hladindch 1éku. Farmakodynamickym selhanim
rozumime situaci, kdy nejsou ptitomny protilatky a sérova hladina aTNF je soucasné
dostatecnd. Farmakokinetiku aTNF Iéka lze do jisté miry ovlivnit souasnym podavanim

immunomodulatoru [104-106].
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2. Cile prace

Primérnim cilem disertacni prace je identifikace prediktivnich faktorti pribéhu IBD u
détskych pacientli a jejich néasledné vyuziti v konkrétnich klinickych situacich. Spektrum
klinickych situaci, feSenych v rdmci této prace, zahrnuje moznost predikce diagnozy, obecné
komplikovaného pribéhu onemocnéni, odpovédi na konkrétni terapeuticky rezim, rozvoj
nezadoucich G¢inkd asociovanych se zvolenym terapeutickym postupem a adherence pacienta
k 1éche.

Moznost predikovat urcity jev v klinické praxi umoziiuje vc€asné reagovat a
optimalizovat pé¢i o pacienta a tim pfedejit komplikovanému pribéhu onemocnéni nebo
rozvoji s onemocnénim asociovanych komplikaci, eventualné podavanou lécbou. V mnoha
ohledech lze tak diky znalosti prediktivnich faktord vyznamné piispét k lepsi kontrole

onemocnéni a vyssi kvalité Zivota pacienta.
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3. Metody
3.1. Datové soubory

Ziskani optimalniho datového souboru k ucelu identifikace prediktivnich faktori je
mozné a efektivni jak s vyuzitim retrospektivniho, tak prospektivniho piistupu. Ackoliv je
v mnoha ohledech design kontrolované randomizované studie (RCT) jisté nejprikaznéjSim,
v ptipadé¢ identifikace nezéavislych prediktivnich faktort mize mit dilezité limitace. RCT jsou
obecné finan¢né nakladné, obtizné realizovatelné, a predevsim v ramci détské populace nemusi
splnit nékteré dulezité pozadavky, jako je dostateéné¢ dlouha doba sledovani a adekvatni
mnozstvi pacientli ve sledovaném souboru. Jako zcela idedlni by se jevilo identifikovat
prediktivni faktor a nasledn¢ pomoci RCT testovat jeho klinicky vyznam. Za nejptihodnéjsi
zdroj vstupnich dat pro zisk téchto prediktivnich faktorti lze povazovat dlouhodobé,
mezinarodni, idedln€ prospektivni registry.

Z celkem deviti pivodnich praci byly tii provedeny v prospektivnim designu jako
observacni studie [107-109]. V retrospektivnim designu bylo provedeno celkem pét praci [110-
114]. Posledni prace byla provedena jako retrospektivni analyza prospektivné ziskaného
souboru détskych pacientil s diagnézou CD [115]. Dvé z téchto praci byly realizovany jako
multicentrické projekty v rdmci mezinarodni spoluprace [114, 115] pod zastitou pediatrické
pracovni IBD skupiny ,Porto group” pii Evropské spoleCnosti pro pediatrickou
gastroenterologii, hepatologii a vyzivu / The European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN). Jedna z téchto praci byla navrzena a koordinovéana
cestou Pediatrické kliniky 2. 1ékarské fakulty Univerzity Karlovy a Fakultni nemocnice Motol
(PK 2. LF UK a FN Motol) [115].

Datové soubory pro realizaci vSech projektt byly ziskany jednak od détskych pacientli
s diagn6zou IBD sledovanych na PK 2. LF UK a FN Motol, tak od pacientti sledovanych v
jinych tuzemskych i svétovych centrech specializovanych v péci o détské pacienty s IBD.
Zasadnim zdrojem dat jedné ze studii [115] byl mezinarodni incidenéni registr EUROKIDS
[116] se sidlem v Rotterdamu, Holandsko.

3.2. Urceni cile predikce

V ramci metodického postupu kazdé prace melo vyznamnou roli stanoveni primérniho
jevu, ktery byl cilem predikce, tedy tzv. outcome. Pro kazdy cil existuje jiny soubor vhodnych
prediktorti, jejichZz spektrum se tedy vyznamné méni v zavislosti na stanoveném outcome.
V ramci osmi piivodnich praci jsme vybrali nasledujici cile: uréeni diagnézy, predpokladany

charakter pribéhu onemocnéni, nutnost zmény konkrétniho terapeutického ptistupu, trvajici
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efekt vybrané 1écebné strategie, nutnost aplikace kombinované 1é¢by, endoskopicka aktivita

onemocnéni, rozvoj nezadoucich ucinkl asociovanych s terapii a adherence pacienta k 1é¢be.

3.3. Inovativni metodické postupy

Pro realizaci n€ékterych z projektii byly vyuzity ¢aste€né experimentalni postupy, které
nejsou aktudlné standardizovanymi, pln€ etablovanymi metodami bézné klinické praxe [108-
111].

Jednou z takovych metod je stanoveni hladiny tkanového kalprotektinu (tCPT). Za
timto ucelem byly vyuzity ulozené histologické vzorky Sesti segmentli kolon po ptedchozi
standardni aplikaci hematoxylinu a eozinu. Tkanové tfezy o tloustce 1 mikrometr (um) byly
deperafinizovany a obarveny specifickym médiem s obsahem primarniho kalprotektinového
(CPT) antigenu (Invitrogen v fedéni 1:1000). Mira exprese tCPT byla urcena jako nejvyssi
pocet pozitivnich bun€k na jednotku plochy oznacovanou jako high power field (HPF).

Druhym inovativni postupem bylo imunohistochemické hodnoceni exprese CD30
pozitivnich (CD30+) buné€k ve stfevni sliznici. Podobné jako u ptedchoziho postupu bylo na
deparafinizované 1 pm silné fezy tkané aplikovdno médiu s obsahem primarniho CD30
antigenu (Cell Marque v fedéni 1:50). Exprese byla opét urcena jako nejvyssi pocet pozitivnich
bun¢k na HPF.

Dalsi ¢astecné experimentalni metodou bylo vyuziti nové vyvinutého testu ur¢eného ke
kvantitativnimu stanoveni hladiny fCPT v domécim prosttedi (IBDoc, Buhlmann). Set
obsahuje extrakéni nastroj k odbéru ptesného mnozstvi stolice (Calex Valve), zkumavku
s médiem, do né&jz je vzorek ihned po odbéru aplikovéan, a desticku urcenou pro nésledné
zpracovani smesi vzorku stolice a média. Vysledek je odecten pomoci aplikace chytrého
mobilniho telefonu, kde je zobrazen ihned po provedeném meéfeni a zaroven odeslan do
webového dlozist¢ [BDoc Portal. Hladina fCPT je stanovena na zakladé
imunochromatografické analyzy.

Posledni takovou metodou, kterd byla pouzita v rdmci této prace, je stanoveni hladin
metaboliti AZA. Za timto ucelem byla pacientim odebrdna jedna zkumavka EDTA
(ethylenediaminetetraacetic) plné krve. Thned po odbéru byly za vyuziti centrifugace oddéleny
leukocyty a plazma. Zbylé erytrocyty byly nasledné dvakrat promyty, nafedény v poméru 1:1
vodou a zamrazeny na minus 20 °C do definitivniho odecteni. Zpracovani vzorkl bylo
provedeno dle protokolu Dervieux a Boulieu [117]. Hladiny metaboliti AZA byly odecteny

pomoci Agilent 1100 (vysoce uc¢inna kapalinova chromatogratie s vice vinovym detektorem).
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3.4. Statisticka analyza

Vsechna data v ramci realizovanych projektli byla analyzovana pomoci statistického
software R. Pfesnost diagnostickych metod byla srovndna pomoci DeLong testu ROC (receiver
operating characteristic) kiivek. V pfipad¢ sledovani pacientli v pribéhu casu byly pouzity
survival analyzy a Cox regrese, pro opakované méteni jednoho pacienta byl aplikovan mix

model.
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4. Vysledky

Obecn¢ lze vysledky jednotlivych studii shrnout jako ziskédni souboru novych
informaci, na zéklad¢ kterych lze ptedem odhadnout urcity jev, jehoz v€asné ovlivnéni nebo
1épe jehoz piedejiti vede ke zlepSeni péce o détské pacienty s diagnézou IBD. Prediktory byly
vzdy hledany ve vztahu ke konkrétni klinické situaci, jako je diagnéza, komplikovany pribeh
onemocnéni, volba lécebné strategie, odhad jejiho efektu nebo bezpeénosti, a tim jsou velmi

dobte aplikovatelné v bézné klinické praxi.

4.1. Predikce diagnozy

S cilem zptesnit diagnosticky proces a umoznit predikei dalsi diferenciace zanétlivého
sttevniho onemocnéni, které neni v dob¢ provedeni prvni endoskopie jednoznacné zataditelné,
byla provedena imunohistochemicka analyza CD30+ bun€k v bioptickych vzorcich stfevni
sliznice [110]. Mira exprese CD30+ bun€k byla mezi pacienty s diagnézou CD a UC statisticky
vyznamné odli$né pfi srovndni medidnd, primért i maximalnich hodnot jak absolutnich poctt
CD30+ bun¢k v celé strevni sliznici, tak ptfi hodnoceni jednotlivych stfevnich segmentli
(terminalni ileum, kolon transversum, kolon descendens a rektum). Nejndpadnéjsi rozdil
v tomto ohledu byl zachycen pii srovnani poctii CD30+ bunék ve stfevni sliznici z rekta.
Rozliseni mezi pacienty s CD a UC pomoci exprese CD30+ nebylo v nasi praci zavislé na
intenzité stfevniho zénétu. Na zaklad¢ nové zjisténych udajl, lze tak imunohistochemické
barveni bioptickych vzorkil stfevni sliznice na CD30+ buiiky povazovat za spolehlivou a
jednoduchou metodu, ktera miize jako podplrny parametr vyznamné ptispét k diferencialni

diagnostice mezi jednotlivymi subtypy IBD u détskych pacientli naivnich k 1é¢bé [110].

4.2. Predikce aktivity onemocnéni
4.2.1. Endoskopicky nalez

Cilem dalsi prace bylo rozsifit spektrum spolehlivych moznosti k ur€eni aktivity
onemocnéni. K tomuto ucelu jsme se rozhodli ovéfit, zda lze bezpecné pouzivat u lizka
provedené, telefonem snimané vySetfeni fCPT, ktery je v ramci sledovani pacientti s IBD
domaci pouziti byly srovnany s hladinami ziskanymi cestou standardizované laboratorni
metody ELISA (enzyme-linked immuno sorbent assay). Jako zlaty standard, ke kterému bylo
toto srovnani vztazeno, byla zvolena skutecnd endoskopicka aktivita, definovand pomoci

endoskopickych skoérovacich systémii. [108].

26



Statisticky vyznamna asociace s endoskopicky uréenou mirou slizniéniho hojeni byla
nalezena v obou ptipadech, tedy jak pfi srovnani s vysledky hladin fCPT ziskanych metodou
ELISA, tak namétenych hodnot pomoci doméciho testu. Pti srovnani obou metod ke stanoveni
fCPT byla signifikantné spolehlivéjsim prediktorem slizni¢niho hojeni hladina fCPT ziskana
pomoci metody ELISA. Domadci test by tak na zaklad¢ vysledkd této prace nemél nahradit
rutinni sledovani aktivity onemocnéni pomoci laboratorné ziskané hladiny fCPT, s vyhodou

muze byt vyuzit pro ziskani orientacniho vysledku v ramci tzv. self-monitoring onemocnéni a

urychlit tak zjiSténi o nartistajici aktivité stievniho zanétu.

4.2.2. Komplikovany priubéh onemocnéni

V dalsi praci jsme se zabyvali predikei obecné komplikovaného priabéhu UC. Hlavnim
cilem bylo posoudit uzite¢nost imunohistochemicky hodnoceného kalprotektinu ziskan¢ho ze
sttevni sliznice (tCPT) [111]. K takovému tcelu nebyl dle dostupnych informaci tCPT nikdy
diive vyuzit.

Korelace mezi tCPT a histopatologickymi skorovacimi systémy byla hodnocena jako
doba, korelace tCPT s fCPT, PUCAI a UCEIS jako mirnd. Hladina tCPT nebyla stejn¢ jako
endoskopickd aktivita onemocnéni (definovand pomoci UCEIS) nebo histopatologické
skoérovaci systémy (Geboes a Nancy skore) prokdzana jako faktor predikujici komplikovany
pribéh UC vdobé stanoveni diagnozy. Je tedy tieba shrnout, Ze vyznam
imunohistopatologického vySetieni v predikci komplikovaného priibéhu onemocnéni u
détskych pacientii s UC zistava nejisty. Pfestoze se ndm nepodatilo prokazat, ze by tCPT
predikoval komplikovany pribéh UC, nalezli jsme vyznamnou prediktivni hodnotu vici
rozvoji komplikovaného pribéhu onemocnéni u hladiny fCPT a aktivity onemocnéni

definované pomoci indexu PUCAI ziskanych v dob¢ diagnozy.

4.3. Lécba
4.3.1. Predikce individualniho rizika relapsu ve vztahu ke konkrétnimu terapeutickému
postupu

Moznost individuélni predikce ¢asného selhan 1écby thiopuriny u détskych pacientli
s diagnézou CD v dobé¢ stanoveni diagndzy, byla cilem velkého mezinarodniho projektu, na
jehoz realizaci se podilelo tfinact evropskych center a byl koordinovan na Pediatrické klinice
2. LF UK a FN Motol [115]. Podatilo se nam identifikovat Sest nezavislych prediktivnich
faktorti Casného selhani: BMI Z-skore v dobé diagnozy, lokalizace onemocnéni v dobe

diagnézy (abnormalni ndlez na zobrazovacich metodach v oblasti kolon sigmoideum,
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abnormalni endoskopicky nélez jicnu a ileokolické postizeni), hladina CRP v dob¢ diagnézy a
interakce véku a davky AZA/6-MP. Kombinaci téchto nove zjisténych parametrii byl vytvotren
predikéni model umoziujici stanovit individudlni odhad doby do relapsu détského pacienta
s nov¢ stanovenou diagnézou CD pii 1écbé AZA/6-MP. Za tcelem jednoduchého prevedeni
predikéniho modelu do klinické praxe jsme vytvofili webovou aplikaci, kterd po zadani
jednotlivych parametri, z doby pied zahajenim 1éCby, vyc¢isli individudlni riziko ¢asného
selhani a pomoci kiivky preziti graficky znazorni pravdépodobnost udrZzeni remise pii 1écbé
AZA/6-MP: https://gastroped.shinyapps.io/AZA_time to relapse/. S ohledem na dalsi vystup
této prace, ktery prokazal trvajici remisi onemocnéni pii 1écbé AZA/6-MP i po 2 letech u 50,3
% pacientd, lze thiopuriny stdle povazovat za vhodnou lééebnou strategii pro pediatrické
pacienty s diagnézou CD. Jejich efektivni aplikaci 1ze ptedpokladat predevsim u skupiny CD

pacientl vybranych na zaklad€ nové vyvinutého predikéniho modelu.

4.3.2. Predikce trvajici efektu konkrétniho 1é¢ebného postupu

Otazkou, kterou si kladla dalsi prace, bylo, zda je moZzné pomoci jednoduse dostupného
laboratorniho parametru, ktery reflektuje slizni¢ni hojeni, fCPT, predikovat trvajici efekt
konkrétniho 1é¢ebného postupu, indukce remise pomoci EEN. Nepodafilo se ndm prokazat, ze
by zména koncentrace fCPT ve druhém tydnu od zahdjeni EEN (tyden 0) predikovala pacienty,
ktef{ nedosahnou odpovédi na EEN v 6. tydnu. Casné ziskanou hladinu fCPT po zahajeni EEN
u détskych pacientd s nové diagnostikovanou CD tedy neni moZzné povazovat, za dostatecny
parametr umoziujici selekei pacientil, ktefi neodpovi na EEN ani na jejim konci a tim na

zéklad¢ této informace induk¢ni 1€¢bu zmenit [87].

4.3.3. Predikce rozvoje nezadoucich uc¢inku asociovanych s konkrétnim terapeutickym
postupem

Limitujicim faktorem uspéSnosti medikace je vedle jejtho piimého efektu i riziko
rozvoje nezadoucich ucinkd, jejichZ pfitomnost mize do jisté miry ovlivnit i compliance /
adherenci pacienta k podavané 1€cbé. V kohorté détskych pacientii s diagnézou CD lécenych
aTNF preparatem jsme hledali prediktivni faktory, které by nam pomohly identifikovat
pacienty, ktefi maji Castéji kozni nezadouci t€inky. Zjistili jsme, Ze takovym faktorem je 1écba
IFX (ve srovnani s ADA), a to jak pro jakoukoliv neinfekéni kozni 1€zi, tak pro atopickou
dermatitidu. Z klinického pohledu je tfeba pocitat aZ s dvojnasobnym rizikem rozvoje koznich
nezadoucich ucinkti aTNF pfti volbé [FX a az Sesti nasobnym zvysenim rizika rozvoje atopické

dermatitidy. DalSim zajimavym zjisténim byla asociace koznich nezddoucich u¢inki s nizkymi
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CRP, ktera vypovida o dobré kompenzaci CD. Lze shrnout, Ze v porovnani s adalimumabem

1ze IFX povazovat za prediktor rozvoje koznich nezadoucich uc¢inkt aTNF terapie [112].

4.3.4. Predikce adherence k 1écbé

Za vyuZziti jednoduse ptistupnych biochemickych a hematologickych parametri (sttedni
objem erytrocytu, §ite distribuce erytrocytu, stfedni koncentrace hemoglobinu v erytrocytu,
hematokrit, pocet trombocytil, sérova hladina albuminu, Zeleza a saturace transferinu), véku a
pohlavi byly vytvofeny modely umoziujici predikovat pacienty s nizkou hladinou metabolitt
AZA (6-TGN < 125pmol/8 x 108 v erytrocytu a 6-MMP < 5700pmol/8 x 108 v erytrocytu), kteii
budou pravdépodobné profitovat z eskalace medikace a pacienty s nedetekovatelnou hladinou
6-TGN a hladinou 6-MMP < 240pmol/8 x 10 v erytrocytu, tedy velmi pravdépodobné& non-
adherentni k terapii AZA [113]. Scilem zjednodusit pfistup k nové ziskanych informaci
v bézné klinické praxi, byly vytvoteny webové aplikace:
https://hradskyo.shinyapps.io/6 TG _prediction/ and https://
hradskyo.shinyapps.io/Non_adherence/)

4.3.5. Predikce efektu kombinované 1é¢by

Cilem dalsi prace bylo posouzeni uZiteCnosti monitorovat hladiny metaboliti AZA u
pacientll na kombinované terapii (AZA a aTNF). Zjistili jsme, Ze dostatecné hladiny 6-TGN
v erytrocytu jsou asociovany se sérovymi hladinami aTNF. Hodnota 6-TGN v erytrocytu nad
278 pmol/8 x 103 se jevi jako optimélni k dosazeni cilové sérové koncentrace infliximabu nad
5 pg/ml. Signifikantné¢ vy$$i mira ztraty odpoveédi k aTNF byla zaznamenana v piipadé
nedetekovatelnych hladin 6-TGN. Na zakladé¢ nové ziskanych informaci lze monitoraci
metaboliti AZA povazovat za uziteCnou pii optimalizaci kombinované terapie u détskych

pacienti s diagnézou CD [109].

4.4. Mezinarodni observaé¢ni prizkum

Vysledkem mezinarodni spoluprace je piehled vakcinaéniho a imuniza¢niho stavu
détskych pacientil s diagnézou IBD [48]. Ptestoze studie svym primarnim zamétenim necili na
identifikace prediktivnich faktorti, upozornuje na dalezity aspekt preventivni péce o détské
pacienty s diagnézou IBD. Analyza souboru 430 déti prokazala nedostate¢nou miru serologické
odpovédi proti virovym infekeim u détskych pacienti s IBD, ktery nebyl nésledovan
pfiméienou vakcinaci. Doporucend vakcinace byla kompletni u 8,8 % sledovanych pacientt.

Doporucované rutinni provéieni pfitomnosti nebo prodélani infekce virem Epstein-Barrové
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(EBV) pied zahajenim aplikace imunosupresivni 1é¢by a vylouceni latentni formy tuberkul6zy
pted prvni aplikaci biologické 1écby nebylo dle aktudlnich doporu¢eni ESPGHAN mozné na
zéaklad¢ ziskanych dat hodnotit jako adekvatni.

30



5. Diskuze

Ackoliv, s vyjimkou jedné, vSechny ptivodni prace spojuje primarni zamer piispét ke
zlepSeni péce o détské pacienty sIBD diky nové identifikovanym moZnostem predikce
konkrétniho klinického jevu, jednotlivé zvolené klinické situace se od sebe mirné lisi a bude

tak vhodné;jsi diskutovat vysledky prace postupné.

5.1. Predikace diagnézy: Imunohistochemické hodnoceni slizni¢ni exprese CD30+ bunék

Role CD30 antigenu u pacient s diagnézou IBD nebyla dosud spolehlivé urcena.
S cilem ovéteni uzitecnosti tohoto parametru v diagnostice IBD byla dosud provedena pouze
jedna prace [118]. V ramci této studie byla srovnana mira exprese CD30+ ve sliznici nejvice
postizenych useki stieva u dospélych pacienti s CD a UC. Stejné jako v nami provedené praci
[110], byli v této studii prokazan statisticky signifikantni rozdil v poctech zachycenych CD30+
bunék u pacientli s CD a UC. Nicméné rektalni lokalizace a absolutni pocet CD30+ v ramci
celého kolon byly v ndmi provedené praci [110] prokdzany jako lepsi rozliSujici faktor mezi
CD a UC ve srovnani se vzorky odebranymi z nejvice postizenym usekem streva [118].

Dalsi diskutovanou otazkou plynouci z vysledkli ndmi provedené studie muze byt
vyuziti CD30+ tkanové exprese pro lepsi klasifikaci pacientli s diagnézou IBD-U. Ackoliv, jak
jiZ bylo zminéno vyse, aktudlni kritéria [1] pro diagnostiku IBD v détském véku se kloni
k tradi¢énimu rozd¢leni pacientd na CD a UC s pojetim IBD-U jako spiSe prechodné diagnézy,
recentn¢ publikovand prace [2] naznacuje, Ze IBD-U muize byt samostatnym subtypem IBD
s vlastni charakteristikou a dokonce genetickym profilem. Pii srovnani poctd slizni¢nich
CD30+ bun¢k mezi pacienty sIBD-U a CD nebyl prokdzan rozdil, naopak statisticky
vyznamny rozdil byl popsan pii porovnani miry exprese slizni¢ni CD30+ u pacienti s IBD-U
a UC. Toto zjisténi naznaCuje moznou vétsi blizkost diagnézy IBD-U s CD nez UC a lisi se tak

od aktudlnich doporuceni, na zaklad¢ kterych je 1é¢ba IBD-U shodna s 1é¢bou UC.

5.2. Predikce aktivity onemocnéni
5.2.1. Presnost stanoveni hladiny fekalniho kalprotektinu pomoci domaciho testu

Rizna troven korelace mezi hladinami fCPT ziskanymi pomoci jednoho z aktualné tii
dostupnych testii pro doméci pouziti a standardni laboratorni metody ELISA byla prokazana ve
vice diive provedenych pracich realizovanych v ramci dospélé 1 détské populace [119-123].
74dna s téchto studii nicméné nezohlediuje klinicka data, ale pouze porovnava jednu metodu
vici druhé. S ohledem na chybéjici zlaty standard pro urceni skute¢né klinické aktivity, je tak

obtizné na zaklad¢ provedenych praci hodnotit, kterd z metod je presnéjsi. Ze stejného diivodu
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nebylo mozné v ramci diive provedenych praci ur€it optimalni cut-off hladiny fCPT, kterd by
predikovala slizni¢ni hojeni. Hodnoty jednotlivych cut-off spocitané v nasi praci pro obe
metody méteni se od sebe statisticky vyznamné li$i a je tak tieba upozornit, ze vysledky ziskané
jednou metodou nelze voln¢ srovnat s vysledky druhé metody. V rdmci rozsahlé meta-analyzy
byla optimalni hladina cut-off predikujici slizni¢ni hojeni stanovena na 250 ug/g za vyuziti
standardni laboratorni metody ELISA [124]. Cut-off 136 ug/g zjistény v ndmi provedené praci
lze povazovat za blizici se této hodnoté [108]. Hladina cut-off zjisténa pro domadci testy se
pohybovala v rozmezi od 50 do 150 ug/g [119, 120, 123], v Zadné z praci vSak nebyla pocitana
ve vztahu k endoskopickému skore, ale pouze s ohledem na vysi fCPT ziskanou metodou
ELISA. Vzhledem ktomu, Ze vna$i praci byla hodnota cut-off hleddna ve vztahu
k endoskopickému skore, 1ze ji povazovat za nejlépe uréenou a v klinické praxi ji doporucujeme

pouzivat (fCPT 48 ug/g) [108].

5.2.2. Limitované vyuziti tkaniového kalprotektinu pro predikci komplikovaného priubéhu
ulcerdzni kolitidy

S pfihlédnutim k limitacim, jako jsou velmi nizka specificita, vysoké intraindividualni
variabilita nebo pfirozené vysSi hodnoty v nejmladSim véku [125-129] jinak spolehlivé
zavedeného neinvazivniho parametru intenzity stfevniho postizeni, f{CPT [130], byla provedena
prvni studie ovetujici moznost vyuziti tCPT v péci o détské pacienty s diagndzou IBD.

Aktualné jsou k dispozici pouze dvé prace, obé provedené na dospélych pacientech,
které se v jistém ohledu zabyvaly tCPT. V jedné z téchto praci byla prokazana pouze asociace
nizké hladiny tCPT s klinickou, endoskopickou i mikroskopickou remisi u pacientd s UC, a
naopak vyssi hladina tCPT byla asociovéana s horS§im klinickym pribéhem onemocnéni [131].
Ve druhé praci byla popsana pouze zvysena hladina tCPT zachycena u pacientti s IBD [132].

Stejn€ jako v ptedchozi studii [131] jsme v ndmi provedené praci prokdzali asociaci
mezi hladinou tCPT a histopatologickymi skorovacimi systémy odrazejicimi mikroskopickou
aktivitu onemocnéni, nicmén¢ prokazat prediktivni hodnotu tCPT vici komplikovanému

prabéhu onemocnéni u détskych pacientii s diagnézou UC se nepodafilo [111].

5.3. Predikce vysledki lé¢by
5.3.1. Predikce ¢asu do relapsu u détskych pacientu s Crohnovou chorobou lé¢enych
thiopuriny

Jednim z vystupl této multicentrické, mezindrodni prace byla observace prvniho

klinického relapsu onemocnéni do dvou let od zah4jeni terapie thiopuriny u 49, 7 % détskych

32



pacientd s CD, u nichz byla dosazena remise po indukéni 1é€bé EEN nebo kortikosteroidy
[115]. Ackoliv tato data nejsou natolik optimisticka jako vysledek jediné RCT provedené na
détskych pacientech s IBD, v ramci které byla remise popsana u 90 % sledované populace po
dvou letech uzivani thiopurinti [68], jsou téméf shodnd s mensimi retrospektivnimi pracemi
[67, 133], ukazujicimi pfiblizné 50 % uspésnost 1éEby thiopuriny po dvou letech.

Ackoliv se dle recentné provedené RCT [134] jevi aplikace intenzivniho terapeutického
rezimu, biologické 1é¢by, ¢asné po stanoveni diagndzy, jako velmi efektivni zptisob dosazeni a
udrzeni remise u détskych pacientii s CD, ma tento postup své limitace. Mezi tato omezeni patii
napi. vysoka cena léku, limitovand doba ucinku nebo zvySené riziko komplikovanych a
oportunnich infekci [102, 103, 135-138]. Mimo to velmi pravdépodobné existuje skupina
détskych pacientli s CD, ktefi nevyzaduji zahéjeni intenzivniho terapeutického piistupu casne
po stanoveni diagndézy a pro kterou jsou thiopuriny vhodnou volbou k udrzeni remise
onemocnéni. Nicméné na zdkladé dosud publikovanych dat nebylo mozné spolehlivé tyto
pacienty urcit.

Prace, které byly zaméteny na identifikaci prediktori obecné komplikovaného priibéhu
CD v détském veéku [81-85, 139] se od sebe 1isi v mnoha ohledech, jako je napt. definice
outcome, zahrnuta populace nebo vybér sledovanych proménnych. Zadna z téchto provedenych
studii se nezaméfila na posouzeni odpovédi na konkrétni terapeuticky reZim.

Ackoliv lze do jisté miry vyuzit prediktory obecného priibéhu onemocnéni, znalost
prediktivnich faktord ¢asného selhani specifického terapeutického rezimu se zda byt vhodnéjsi.
S primarnim cilem identifikace prediktort ¢asného selhani thiopurint u détskych pacientti s CD
byla provedena pouze jedna retrospektivni prace [133] v ramci, které nebyl ze studovanych
parametri (v€k, pohlavi, lokalizace a chovani onemocnéni, pfitomnost perianalniho
fistulujictho onemocnéni a extraintestindlni manifestace v dobé diagnézy) nalezen zadny
prokazatelny prediktivni faktor. Men$i retrospektivni prace, jejimz primarnim cilem bylo
srovnani indukénich terapeutickych rezimti (EEN, kortikosteroidy, biologickd a chirurgicka
1é¢ba) u détskych pacientli s CD, popsala vek pod 16 let a postiZzeni horniho gastrointestindlniho
traktu v dob¢ diagnoézy jako prediktivni vi¢i ¢asnému selhani thiopurint, dal§imi sledovanymi
parametry bylo Z-skore BMI v dobé diagnozy a elevace trombocytii v dobé remise [67]. Jind
prace, primarn¢ zaméiend na prediktivni hodnotu histopatologickych skérovacich systémd,
popsala SES-CD nad 16 bodi vdobé stanoveni diagnoézy jako prediktor rozvoje
komplikovaného pribéhu onemocnéni [81]. Nicméné zddny stanoveny prediktor nebyl
dostate¢né silny, aby mohl byt spolehlivé vyuzit v klinické praxi. Vhodnou cestou se tak zda

byt kombinace vice slabsich prediktort.
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V ramci dospélé populace pacientti s IBD bylo jiz nékolik predikénich modelt
odhadujici individudlni riziko relapsu onemocnéni vyvinuto [140, 141]. AvSak srovnani téchto
modelll s ndmi vyvinutym prvnim predikénim modelem pro détské pacienty s CD je s ohledem
na odliSnost v mnoha aspektech vyznamné limitovano. Ani jedna z praci nezohlediuje zvoleny

terapeuticky rezim u zafazenych pacienti, 1isi se ve studované populaci i stanovenych outcome.

5.3.2. Predikce c¢asné odpovédi na zvoleny terapeuticky rezim pomoci fekalniho
kalprotektinu

Jak jiz bylo ve vysledcich uvedeno, nepodatilo se ndm prokézat, Ze by hladina fCPT ve
druhém tydnu od zahajeni EEN byla klinicky uzite¢nym prediktorem trvajici odpovédi v dobe
jejiho ukonceni. Nabizi se tedy otdzka, kdy je k hodnoceni odpovédi na indukéni terapii cestou
EEN pomoci fCPT vhodna doba. Jin4 studie, ktera sledovala pokles sérologickych parametrii
zanétu a fCPT po dobu trvani indukéni terapie EEN ukazuje, Ze zvoleny dvoutydenni interval
je mozna az prili§ kratky, aby béhem n¢j mohlo dojit ke zméndm takto citlivého parametru
[142]. Reakce fCPT byla v této studii prokazatelné¢ nejpomalej$i ve srovnani s ostatnimi
sledovanymi proménnymi. Dalsi prace prokazala hladinu fCPT ziskanou az tficaty den od
zahdjeni EEN jako prediktivni faktor trvajici odpovédi na konci intervalu EEN [143]. Pro
klinické pouziti je takovy Casovy interval jiz ptili§ dlouhy a Iépe nez odhadovat, zda pacient
dosahne remise napt. ve 4. tydnu, se zda racionalngjsi pockat do konce EEN, tedy tydne 6. Dalsi
prace naopak neprokazala zménu v namétené hladin¢ fCPT od zahajeni EEN do ¢tvrtého a ani
dvanactého tydne jako prediktor trvajici remise po ukonceni EEN [144].

Pivodni otdzku, na kterou nelze na zakladé dosud publikovanych dat zatim spolehlivé
odpovedét, podporuje i nase zjisténi, ze sttedné zvysend hladina fCPT v ¢asné fazi aplikace

EEN nevylucuje jeji pokles v dob¢ ukonceni této indukéni terapie [107].

5.3.3. Rizikové faktory rozvoje nezadoucich ucinki biologické 1é¢by

Stejn€ jako v nami provedené praci byl i v jediné studii realizované v ramci détské
populace zahrnujici oba aTNF preparaty prvni linie, IFX ve srovnani s ADA prokazan jako
rizikovy faktor rozvoje koznich psoriasiformich 1€zi [145]. Naopak toto zvysené riziko rozvoje
koznich komplikaci nebylo opakované potvrzeno v rozsahlych studiich provedenych na
dospélych pacientech s IBD [146-148], u kterych se obecné incidenci koznich komplikaci
asociovanych s aTNF zdd byt nizsi [147]. S ohledem na fakt, Ze v ramci nasi prace byla
prokazana silnd asociace IFX i k zvySenému riziku rozvoje atopické dermatitidy, a to i nezavisle

na rodinné anamnéze atopie, 1ze uvazovat o otazce, zda pti volbé aTNF v péci o détské pacienty
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s IBD nepreferovat ADA, u kterého byla zaznamenana mirné nizsi frekvence nezadoucich
ucinkt kozniho typy a jehoZ bezpecnost a ti¢innost je srovnatelna s [FX [112]. S pfihlédnutim
k limitacim a sile datového souboru nasi prace neni na jejim podkladé mozné takto pevny zaveér
ucinit, nicméné v ramci personalizace piistupu lze uvazovat napt. o favorizaci ADA u détskych

pacienti s rodinnou anamnézou atopie.

5.3.4. Adherence k uzivani thiopurinu

Stanoveni hladin metaboliti AZA je idedlni zpuisob, jak odhadnout pacienty, u nichz je
davka léku pfili§ nizka, nebo kteti neuzivaji 1éébu adekvatné. Problematickd muze byt
dostupnost tohoto vySetfeni v fadé center specializujicich se v péci o détské pacienty
s diagnézou IBD. Nami vytvoieny model umoziuje predikovat tyto hladiny na zdklad€ snadno
dostupnych laboratornich parametrii. Asociace nizkych hladin 6-MMP nebo 6-TGN a ndmi
identifikovanych faktord byla zjiSténa i diive [149-154], nicméné nejpravdépodobnéji
v dusledku castého vyuziti jen jednoho faktoru jako testovaného prediktoru nizkych hladin
metaboliti AZA nedosahovaly tyto studie dostate¢né sily. Dostate¢né silny model kombinujici
vice prediktivnich faktorti non-adherence k AZA byl pfedstaven v jedné z diive provedenych
praci [155]. Mirné niz3i pfesnost, kterou tento model dosahoval ve srovnani s ndmi vyvinutym
modelem, mize byt vysvétlena napt. vétSi heterogenitou populace, nebo nezohlednénim
nekterych dilezitych aspektil, jako je napt. TPMT genotypizace.

S cilem usnadnéni dostupnosti noveé vytvoreného modelu, byla vyvinuta jednoducha
webova aplikace. Nicméné nelze opomenout, Ze stanoveni hladin metaboliti AZA by mélo byt

vnimano jako pouze jeden z vice faktorti hodnoticich neadekvatni adherenci k medikaci.

5.3.5. Optimalizace kombinované 1écby

V ramci nami provedené prace byla poprvé navrzena optimalni hodnota pro cut-off
hladiny 6-TGN predikujici dosazeni dostate¢né hladiny IFX u détskych pacientt s CD. Jeji
srovnani je tak mozné pouze s jedinou praci, ktera byla s timto cilem provedena u dospélé
populace pacientii s IBD [156]. Autofi této studie uvadi jako hladinu pro vyse zminéné cut-off
125 pmol/8 x 108 6-TGN v erytrocytu, tedy vyznamné niz$i hladinu neZ nami zjisténou hodnotu
278 pmol/8 x 10® 6-TGN v erytrocytu. Z aktualné dostupnych dat neni mozné spolehlivé
vysvétlit, pro¢ se v détském veéku zda byt efektivni hladina 6-TGN vyssi nez u dospélych
pacientd.

Pokud bychom o pacientech s nedetekovatelnymi hladinami 6-TGN uvazZovali jako o

pacientech, kteii jsou vlastné 1é¢eni pouze [FX, je popsand asociace mezi nulovymi hladinami
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6-TGN a zvySenou mirou ztraty odpovédi k IFX ve shodé s dive publikovanymi pracemi, které
prokazuji vyznamné vyssi pravdépodobnost udrzeni remise na IFX pii soucasné aplikaci

imunomodulatoru neZ pii podavani IFX v monoterapii [157, 158].

5.4. Imunizaéni a vakcinaéni status u détskych pacientu s IBD

Mensi pozornost, vénovana vakcinaénimu serologickému profilu u détskych pacientli
s IBD, zjisténa v recentné provedené multicentrické mezinarodni studii, neodporuje vysledkim
dalSich praci provedenych na toto téma. Dle rozsédhlé americké studie otazku tykajici se
provedenych oc¢kovani polozila svym pacientlim pouze polovina ze 178 zucastnénych détskych
gastroenterologll. Zaznam do dokumentace pak provedlo jen 31 % z nich a jen 9 % vyzadovalo
specifické sérologické vysetieni [159].

Z recentni prace vyplyva, Ze nejcastéjSim divodem nepodaného ockovani bylo
odmitnuti rodic¢li nebo cena vakciny. Nutnost akutniho podani imunosupresivni terapie jako
dtvod pro neockovani byla zaznamenana u 27,8 % pacientii. Toto zji$téni otevird myslenku
mozného vlivu informovanosti rodi¢li pacientii a Siroké vefejnosti. Signifikantni nartst
podanych vakcin byl zaznamenan u 92 déti s IBD po probéhlé informacni akci na téma rizik
infekénich onemocnéni u détskych pacienti s IBD [160].

I ptes doporuceni Evropské organizace pro Crohnovu chorobu a ulcer6zni kolitidu / The
European Society for Crohn‘s and colitis (ECCO) vydané v roce 2014 [161] provést vySetteni
na piitomnosti EBV protilatek u vSech pacientli s diagnézou IBD pied zahdjenim aplikace
thiopurinti bylo u sledovanych pacientt provedeno pouze u 21,9 %.

Dalsim zjisténim ptvodni prace byl rozpor mezi aktudlnim doporuenim vydanym
ECCO [162] a realné uplatiiovanou strategii testovani latentni formy tuberkulézy pted

zahdjenim aplikace aTNF.
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6. Zavér

Za jeden z nevyznamnéjSich vystupl prace lze povazovat vybudovani predikéniho
modelu odhadujiciho individudlni riziko selhani konkrétniho terapeutického postupu u
détskych pacientli s CD. Diky vytvoteni webové aplikace je model snadno dostupny pro béZznou
klinickou praxi. Jde o prvni systematicky vytvofeny nastroj, ktery umoznuje jiz v dobé¢
diagnézy odhadnout miru rizika ¢asné ztraty odpovédi ke standardnimu terapeutickému rezimu
a tim vyznamné pfispiva k Zadané personalizaci péce o détské pacienty s CD.

Na zaklade¢ dalsich dvou predikénich modelt, které byly vytvoieny, 1ze jednoduse ziskat
velmi dobry odhad dosazené hladiny metaboliti AZA. Diky této informaci, ktera neni standardé
dostupnou soucasni béznych laboratornich vysetieni, lze ziskat pfedstavu o nevhodném
davkovani podavaného 1éku nebo o non-adherenci pacienta k jeho uzivani. Takova znalost
muze znaéné prispet k rozhodnuti o individuélni volb¢ 1é€ebné strategie.

Identifikace IFX jako rizikového faktoru rozvoje nezadoucich koznich uUcinkl ve
srovnani s ADA muzZe mit vyznam pro peclivé uvazeni aplikace tohoto 1éku u rizikové populace
détskych pacientd s ohledem na osobni a rodinnou anamnézu koznich onemocnéni.

Diky noveé zjisténému optimalnimu cut-off metaboliti AZA, které predikuje dosazeni
vhodné hladiny IFX, byl pfiblizen vztah mezi t€mito dvéma léky. Vysledek mtize poskytnout
lepsi informacni zaklad pii rozhodovéni o individudlnim davkovani obou léki v kombinaci.

Nakonec 1 v ramci diagnostiky détskych IBD prace piindsi identifikaci nového
parametru, slizniéni exprese CD30+, ktery mutze byt uziteCnym pomocnym faktorem k
presnéj$imu urceni diagnézy, to nemusi byt v nékterych situacich zcela jednoznacné.

Nebyla potvrzena uzite€nost fCPT ziskané¢ho ¢asné po zahdjeni 1é¢by jako vhodného
parametru pro identifikaci jedinci, ktefi na 1é¢bu neodpovi viibec. Na zakladé vysledku této
prace se pti posuzovani efektu EEN o fCPT v ¢asnych fazich neopirdme a spoléhame jen na
klinickou odpovéd’. Domaciho testovani fCPT lze vyuzit, ale dle naSich poznatkli vime, ze
ELISA vysetteni je tfeba povazovat za presnéjsi. SpiSe vyvracena byla i teorie 0 mozném
vyuziti tCPT pro predikci dalsiho priibéhu onemocnéni u détskych pacientt s UC.

Nova zjisténi plynouci z této prace piinaSeji celou fadu cennych informacich s
klinickym dopadem v oblasti péce o détské pacienty s IBD. Diky nové identifikovanym
moznostem predikce konkrétnich klinickych otazek je odpoveéd na né informovanéjsi, a 1ze tak
predpokladat vetsi presnost pii rozhodovani. Jisté ne vSechny ndmi kladené otazky jsou plné
zodpovézeny a teprve po ovéfeni téchto prediktord, napi. oveéfenim modelll na externich
kohortach nebo jeste¢ 1€pe porovnani piistupi za pomoci ndmi vyvinutych modeld, ukdze

definitivni spravnost téchto predpovédi.
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Souhrn

Typicka Crohnova choroba (CD) s postizenim terminalniho ilea, Crohnovské kolitida,
atypicka ulcer6zni kolitida (UC) a typickd UC s kontinuélné rozloZenym zanétlivym postiZzenim
tlustého stfeva jsou v souc¢asné dobé vnimany jako makroskopicky i mikroskopicky se od sebe
lisici formy zénétlivych stievnich onemocnéni (IBD). Z epidemiologického hlediska vyskyt
téchto imunitné podminénych onemocnéni celosvétové narlistd v ramci dospelé 1 détské
populace. Pecliva monitorace onemocnéni a co nejlépe daty podpotfeny piistup v péci o
pacienty s IBD maji za cil minimalizaci rizika komplikovaného pribc¢hu a rozvoje s
onemocnénim a/nebo lé€bou asociovanych komplikaci.

Hlavnim cilem préace je identifikace novych prediktivnich faktort zasahujicich do

jednotlivych oblasti péce o détské pacienty s IBD, diky kterym lze piedem odhadnout urcity
jev, jehoz v€asné ovlivnéni nebo 1épe, jehoz ptede;jiti, ptispiva k lepsi kontrole onemocnéni.
k individualnimu odhadu ¢asu do relapsu u détskych pacientd s CD na 1é¢b¢ thiopuriny. Dale
jsme vytvofili modely predikujici hladinu metabolitli azathioprinu, kterd odrdzi vhodnost
davkovani Iéku nebo adherenci pacienta k jeho uzivani. Nové byl nalezen optimalni cut-off pro
hladinu metabolitii azathioprinu, ktery predikuje dosazeni zadoucich hladin infliximabu.
Identifikovali jsme infliximab ve srovnani s adalimumabem, jako prediktor rozvoje koznich
nezadoucich u¢inkli u détskych pacientti s IBD. Ukézali jsme, Ze mira tkanové exprese CD30+
bunék je silnym prediktorem klasifikace onemocnéni do jednoho z typti IBD. Naopak moznost
klinického vyuziti nebyla prokézana u stanoveni hladin tkanového kalprotektinu (CPT) a
fekalniho CPT Casné po zahdjeni indukéni 1écby vyluénou enterdlni vyZivou. Upozornili jsme
na limitované klinické vyuziti domdcich testd ke stanoveni hladin fekéalniho CPT.

Nova zjisténi plynouci z této prace piinaseji celou fadu cennych informacich s
klinickym dopadem v oblasti péce o détské pacienty s IBD. Diky nové identifikovanym
moznostem predikce konkrétnich klinickych otazek je odpoveéd na né informovanéjsi, a lze tak
predpokladat vétsi presnost pii rozhodovani. Jisté ne vSechny ndmi kladené otazky jsou plné
zodpovézeny a teprve po ovéfeni téchto prediktord, napi. oveéfenim modelll na externich
kohortach nebo jeste¢ 1épe porovnani piistupi za pomoci ndmi vyvinutych modeld, ukdze

definitivni spravnost téchto predpovédi.
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Summary

Typical Crohn's disease (CD) with involvement of terminal ileum, Crohn's colitis,
typical and atypical ulcerative colitis (UC) are currently perceived as different forms of
inflammatory bowel disease (IBD). The incidence of IBD is increasing worldwide in both the
adult and paediatric populations. Comprehensive care requires a precise and data-driven
approach to minimize the risk of complicated disease course and the development of disease-
related and/or treatment-associated complications.

The main goal of this work was to identify new predictive factors affecting individual
areas of care of paediatric patients with IBD, on the basis of which it is possible to predict a
certain phenomenon, the early influence or prevention of which, contributes to better disease
control

The most important outcome of the work can be considered the creation of a predictive
model of estimation of individual time to relapse in paediatric patients with CD on thiopurine
treatment. We also developed models predicting the level of azathioprine metabolites, which
reflect the suitability of the drug dosage or the patient's adherence to its use. An optimal cut-off
of the level of azathioprine metabolites, which predicts the achievement of the effective
infliximab levels, has been found. We identified infliximab, compared to adalimumab, as a
predictor of the development of skin side effects in paediatric IBD patients. We have shown
that the tissue expression level of CD30+ cells is a strong predictive factor of classifying the
disease into one of the IBD types. In contrast, the possibility of clinical usefulness has not been
demonstrated in the determination of tissue calprotectin (CPT) levels and faecal CPT levels
obtained early after initiation of treatment with exclusive enteral nutrition. We indicated the
limited clinical use of home tests to determine faecal CPT levels.

The new findings of this work provide a wealth of valuable information with a clinical
impact in the care of paediatric patients with IBD. Thanks to the newly identified possibilities
of predicting specific clinical questions, the answer to them is more informed and it is possible
to assume greater accuracy in decision-making process. Certainly not all of the questions we
asked, were fully answered and only after verifying these predictors, such as validation of
models on external cohorts or even better, comparing strategies using the models in a clinical

trial, we can assess the definitive correctness of these predictions.
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Abstract

Background Diagnosis of pediatric inflammatory bowel diseases (IBD) remains challenging. We aimed at the value of
immunohistochemical assessment of CD30+ lymphocytes in the intestinal mucosa in differential diagnosis between pediatric
Crohn’s disease (CD) and ulcerative colitis (UC) and its utility as a predictor of future differentiation in patients with IBD
unclassified (IBDU).

Methods Seventy-four treatment naive pediatric patients with IBD (33 CD, 30 UC and 11 IBDU) were enrolled into the
study. Biopsy samples from six different regions (terminal ileum, cecum, ascending colon, transverse colon, descending
colon and rectum) were immunohistochemically stained with anti-CD30 antibody, and the number of positive cells per one
high power field was quantified.

Results Significant differences between CD and UC were found when compared total counts of CD30+ cells in median
numbers, mean values and maximal numbers and also for separate counts in terminal ileum, transverse colon, descending
colon and rectum. The most profound difference between CD and UC was shown for total median values of CD30+ cells and
for the values in rectal localization. The difference was independent on the intensity of inflammation. A cutoff value of 2.5
CD30+ cells with sensitivity 83% and specificity 90% was found for the rectum. There was no difference between patients
with CD and IBDU, but a marked difference between UC and IBDU patients was revealed.

Conclusion Histopathological assessment of biopsy with rectal CD30+ count is reliable and simple method that could help
in differential diagnosis among IBD subtypes in children with IBD.

Keywords Inflammatory bowel disease - Immunohistochemistry - CD30

Introduction

Until recently, the diagnosis of inflammatory bowel disease
(IBD) was based on proof of the chronic inflammation of the
gastrointestinal tract with typical distribution and exclusion
of other causes of inflammation, mainly on clinical grounds
[1]. This approach, apparently straightforward and simple,
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has become complicated and establishing diagnosis of IBD
turned into a multidisciplinary process heavily supported
by laboratory, radiological, endoscopic and histopathologi-
cal data [2, 3]. Atypical presentations of IBD have been
stressed, and various other diseases manifesting with IBD-
like morphology were highlighted [4—6]. Moreover, none of
the established criteria is 100% specific for IBD, let alone for
Crohn’s disease (CD) or ulcerative colitis (UC) [7, 8]. Situa-
tion in pediatric population is even more challenging, given
the fact that pediatric onset IBD often presents with nonspe-
cific clinical features, it lacks characteristic morphological
signs of chronicity and harbors many atypical phenotypes in
all three main forms of IBD (CD, UC and IBD unclassified)
[1, 9-13]. Porto criteria from 2005 [14] and their revised
version from 2014 [1] established diagnostic criteria, inte-
grating the up to date evidence from all diagnostic fields.
However, there is up to 30% of pediatric IBD that remain
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further unclassified, in contrast with adult population, where
the proportion of such cases remains only 10-15% [15]. This
has led to increased demand for new invasive and noninva-
sive markers that would increase the certainty of the correct
diagnosis, since the exact subclassification of pediatric IBD
has crucial therapeutic consequences. According the actual
recommendations, children with newly diagnosed CD should
be treated primarily with exclusive enteral nutrition [16],
while treatment of UC should be initiated by corticosteroids
or 5-aminosalicylic acid according to severity of the disease
[12].

IBD is immune-mediated disease that involves a complex
interplay of host genetics, disrupted mucosal integrity and
environmental influences [17]. Some T helper lymphocyte
subsets in IBD express antigen CD30 at their cytoplasmic
membranes. According to a recent study [18], patients with
UC show higher amount of CD30+ cells in gut mucosa than
those with CD. The aim of our study was to find out, whether
the immunohistochemical assessment of CD30 in the intes-
tinal mucosa could facilitate differential diagnosis between
pediatric CD and UC an if it could serve as an early predictor
of future reclassification into CD and UC in patients with
IBD unclassified IBDU).

Materials and Methods

Between November 2012 and January 2017, all 171 newly
diagnosed pediatric patients with IBD were retrospectively
screened in our referral center for eligibility to enter this
study. First 30 consecutive treatment naive patients primarily
diagnosed as CD and UC and all patients with the primary
diagnosis of IBDU were reevaluated by pediatric gastroen-
terologists, and the diagnosis at the time of the first endo-
scopic assessment was confirmed or modified following the
actual revised Porto criteria for the diagnosis of pediatric
IBD. Patients that had already been initiated on IBD treat-
ment, as well as those patients with missing data for the revi-
sion of the diagnosis, were excluded from the study. After
this revision, 29 patients with CD, 31 with UC and 14 with
IBDU entered the study. During the minimum of 18-month
follow-up, one patient from UC group developed perianal
fistulizing disease and was reclassified to CD. Among 14
patients with IBDU, three cases were reclassified to CD
due to the manifestation of the CD traits (all three patients
manifested perianal disease). In the end, 33 children with
CD, 30 with UC and 11 with IBDU (Fig. 1) were included
in the study. Clinical characteristics of the patients are given
in Table 1.

Archive histopathological slides stained with hematoxylin
and eosin were reviewed by a pathologist blinded to clini-
cal data. To evaluate microscopical findings, six bowel seg-
ments from each case of CD, UC and IBDU were analyzed
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(terminal ileum, cecum, ascending colon, transverse colon,
descending colon and rectum). Intensity and activity of the
inflammation was objectified using a histopathological scor-
ing system. Given the diversity in scoring systems that are
only partially validated and none of them is designed for
pediatric population [19], as well as the absence of any scor-
ing system for patients with IBDU, more universal modifica-
tion of the established systems was used in our study. This
modified system evaluates the intensity of chronic and active
inflammation and the presence of mucosal defects (Table 2).
A similar version of this system has been already used in
our previous study [20]. Additional assessed morphological
variables included the intensity of the eosinophilic inflam-
mation (graded as none, mild and severe), the presence of
the basal plasmocytosis, recently described basal plasmocy-
tosis associated with eosinophilia [21] and the presence of
lymphatic follicles. Given the fact that CD30+ cells show
predilection to lymphoid tissue, as declared in previous stud-
ies [18], the assessment of the follicles was fundamental.
Especially in terminal ileum, where physiological presence
of the lymphoid tissue (Peyer’s patches) can falsely overes-
timate number of CD30+ cells.

Then, immunohistochemical staining of CD30 antigen
was performed on all archive biopsy samples from patients
with CD, UC and IBDU. 1-pm tissue sections were depar-
affinized, and the anti-CD30 primary antibody (Cell Marque,
at a dilution of 1:50) was used. Detection was performed by
the PolyDet Dab chromogen (Dako REAL) with phosphate-
buffered saline solution. CD30 expression was assessed by
counting the highest number of positive cells per one hpf
(400x) in the most affected region of each bowel segment.

Ethical Considerations

Legal representatives of the patients signed an informed
consent form for inclusion into the study. The study was
approved by the Ethics Committee of Motol University
Hospital.

Statistical Analysis

We used statistical software R-project (R Core Team, version
3.4.1) for data analysis. Differences among the subgroups of
the patients with CD and UC in the median values, maximal
numbers and mean values of CD30+ cells calculated from
all bowel segments, as well as numbers of positive cells in
separate bowel segments, were tested by Welch two sample
t test. For constructing model of the discrimination between
CD and UC, the definitive diagnosis of CD or UC was used.
Then, the definitive diagnosis including reclassification of
IBDU to CD served as a template to test differences between
CD and IBDU, as well as UC and IBDU. After that, the
receiver operating characteristics (ROC) curves were used to
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Fig. 1 Flowchart of included
and excluded patients. CD
Crohn’s disease, UC ulcerative
colitis, IBDU inflammatory
bowel disease unclassified

Patientsscreened
between2012-2017:

n=171

Reclassification according
revised Porto criteria 2014

Entered study:
CDn=29
UCn=31
IBDUNn =14
UCdeveloped perianal
_| abscess:
n=1

IBDU manifested CD traits:

A

y

n=3

CDn=33
UCn=30
IBDUn=11

Data for analysis:

find the most significant cutoff values for the discrimination
between CD and UC (using the software package “pROC”).
To compare individual ROC curves, DeLong’s test was used.
To test, whether the difference in numbers of CD30+ cells
in terminal ileum is independent on the presence of lym-
phatic follicles, a generalized linear regression model was
constructed. The same model was applied to find out, if the
difference in numbers of CD30+ cells in rectum is depend-
ent on the intensity of histological and endoscopic inflam-
mation. Probability (p) values of <0.05 were considered
significant. A 95% confidence interval was used.

Results

Statistically significant differences among patients with CD
and UC in median values, maximal numbers and mean val-
ues of CD30+ cells were found (Fig. 2a, b). Also, there was
a difference between CD and UC in each bowel segment
except for cecum and ascending colon. The most significant

results were shown for the median values (p <0.001), see
Fig. 3a, and for the values in rectal localization (p <0.001).
The box plots of CD30 counts in all bowel segments are
given in Fig. 3b—g. Based on the analysis of area under
curve, a cutoff value of 4.25 positive cells per 1 HPF was
established for median values, with sensitivity 93% and
specificity 83%, Fig. 4a. For the values in rectum, the opti-
mal cutoff (2.5 positive cells per 1 HPF) with sensitivity 83%
and specificity 90% was found (Fig. 4b). Using Delong’s
test, the total median values turned out to be more reliable
discriminating factor between CD and UC than the values
in the most affected bowel segment, but there was no differ-
ence between the median values and the values in rectum.
Among the patients with CD, 16 of them had microscopical
inflammation in rectum, and 13 of them endoscopical signs
of rectal involvement. According to the regression analysis,
the association between the number of CD30+ cells and
diagnosis was independent on the intensity of endoscopic
or microscopic inflammation (p <0.0001). The basal plas-
mocytosis was found in 15 cases of UC, five cases of IBDU,
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Table 1 Demographic and clinical characteristics of patients

CD ucC IBDU
Number of patients 33 30 31
Sex, male (%) 20 (0.61) 14 (0.47) 7 (0.64)

Age at diagnosis,
years, median

13.1(11.5-16.2) 11.8 (6.7-15.5) 9.7 (3-12.6)

(IQR)
L1 (%) 10 (0.3)
L2 (%) 3(0.09)
L3 (%) 19 (0.58)
L4 (%) 21 (0.64)
Bl (%) 29 (0.88)
B2 (%) 3(0.09)
B3 (%) 1 (0.03)
p (%) 8 (0.24)
Gl (%) 4(0.12)
El (%) 4(0.13)
E2 (%) 2(0.07)
E3 (%) 2(0.07)
E4 (%) 22(0.73)
S0 (%) 28 (0.99)
S1 (%) 2(0.07)

L =Localization of the disease (L1—ileal, L.2—colonic, L3—ile-
ocolonic); B=Behavior (Bl—non-stricturing, non-penetrating,
B2—stricturing, B3—penetrating, p—perianal); G1 =Growth delay;
E =Extension (El—proctitis, E2—Ileft side colitis, E3—extensive,
E4—pancolitis); S=Severity (SO—never had acute severe colitis,
S1—at least one acute severe colitis)

Table 2 Modified histopathological scoring system

Grade Histopathological change

0 No inflammation

1 Mononuclear cells only

2 Neutrophils in lamina propria

3 Neutrophils in epithelium (superficial
epithelium, cryptitis, crypt pseudoab-
scess)

4 Mucosal defect (erosion or ulceration)

but only in one case of CD. Also the presence of any eosino-
philia (both mild and severe) in rectum was significantly
more frequented in patients with UC than CD (p <0.0001).
A lymphatic tissue in terminal ileum was not the confound-
ing factor, since the significant difference between CD30+
cells in the ileum was independent on the presence of lym-
phatic follicles.

Based on the given results, a diagnostic model using
calculated cutoff in rectal biopsy was constructed and
applied on patients with IBDU. Using the final diagnosis
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Fig.2 Photomicrograph showing CD30+ cells by immunohistochem-
istry (x400). Membrane staining of CD304 lymphocytes in Crohn’s
disease (a) and ulcerative colitis (b) in rectal samples

for the median values and the values in rectal localization,
there was no difference in CD30+ cells between patients
with CD and IBDU (p =0.08), but there was a marked
difference between the UC and the IBDU (p =0.007), see
Fig. 5. Three patients with IBDU developed CD traits,
and two of them had low numbers of CD30+ cells (below
the established cutoff). Among the patients without CD
traits, there were cases with both low and high numbers
(Fig. 5).
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Fig.3 a Box graphs comparing medians values of CD30+ cells, cal-
culated from all bowel segments, in Crohn’s disease and ulcerative
colitis. b Box graphs comparing numbers of CD30+ cells in termi-
nal ileum in patients with Crohn’s disease and ulcerative colitis. ¢
Box graphs comparing numbers of CD30+ cells in cecum in patients
with Crohn’s disease and ulcerative colitis. d Box graphs comparing
numbers of CD30+ cells in ascending colon in patients with Crohn’s

Discussion

The pathophysiological mechanisms of IBD are not fully
understood, but are characterized by the immunological
imbalance of the intestinal mucosa, associated with cells of

disease and ulcerative colitis. e Box graphs comparing numbers of
CD30+ cells in transverse colon in patients with Crohn’s disease and
ulcerative colitis. f Box graphs comparing numbers of CD30+ cells
in descending colon in patients with Crohn’s disease and ulcerative
colitis. g Box graphs comparing rectal numbers of CD30+ cells in
patients with Crohn’s disease and ulcerative colitis

the both innate and adaptive immune system. The major role
in triggering the repetitive intestinal inflammatory damage
in IBD is T cell subpopulations, mainly T helper 1 (Thl),
Th17 and regulatory T cells. Th1l lymphocytes are stimu-
lated by certain cytokines, especially interleukin (IL) 12 and
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Fig.4 a Receiver operating characteristics curve to determine the
CD30 cutoff for ulcerative colitis diagnosis in median. b Receiver
operating characteristics curve to determine the CD30 cutoff for
ulcerative colitis diagnosis in rectal localization

18, inducing production of interferon gamma (IFN-y). This
pathway is more prominent in CD, but increased levels of
IFN-y can be demonstrated also in patients with UC. Th2
lymphocytes play a role in immunopathogenesis of both
diseases as well, with oversecretion of IL5, IL10 and IL13.
In both CD and UC, there is also a strong influence of Th-
17-related cytokines [22].

The role of CD30 antigen in IBD pathogenesis still
remains unexplained. It represents a protein with uncertain
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function, member of tumor necrosis family, firstly described
in association with certain malignances as Hodgkin’s lym-
phoma, anaplastic large cell lymphoma or embryonal car-
cinoma. It was also discovered in normal human tissues,
especially some portions of resting and activated T lym-
phocytes [23]. To the best of our knowledge, only one study
[18] has examined the diagnostic utility of CD30 detection
in colonic biopsies so far. The authors assessed counts of
CD30+ cells in the most inflamed segment of bowel mucosa
in adult patients with IBD and demonstrated a significant
difference between CD and UC. Our goal was to ascertain,
whether we can find a significant difference in numbers of
CD30+ cells also in pediatric IBD population and if this
difference is independent on localization and the intensity
as well as the activity of inflammation. Our study dem-
onstrated a significant difference between CD and UC in
median values, mean values and maximal values calculated
from all bowel segments. A difference in values from all
separate bowel segments was observed as well, but for the
values obtained in cecum and ascending colon they were
not statistically significant. The most significant difference
was found for the median values of CD30+ cell counts and
the values obtained in rectal localization. Given the fact
that counting of median values would require staining of
all bioptic samples for CD30, it seems more practical and
economically efficient to assess the CD30+ cell counts in
rectum only. Both these variables were proved to be better
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discriminating factors than the counts from the most affected
bowel segment, as declared in the previously study [18].
The limiting factor of this method could be the fact, that
less than half of the CD patients had either macroscopic or
microscopic rectal involvement. However, the difference of
rectal CD30+ cell counts was independent on the intensity
and the activity of the inflammation (both histological and
endoscopic); hence, this method is applicable also for the
patients with mild rectal involvement only. Neither rectal
sparing in UC nor absence of the rectal inflammation in CD
should affect the clinical utility of such testing. Interestingly,
both patients with UC and rectal sparing had high numbers
of CD30+ cells (mean 13.5). Our results are supported by
findings of Giacomelli et al. [24], who illustrated elevated
levels of serum soluble CD30 antigen in patients with UC.
Serum level of CD30 could therefore serve as a simple non-
invasive marker of the disease activity and monitoring of the
treatment response. Sun et al. [25] even propose a possible
therapeutic usefulness of soluble CD30 in case murine IBD
models.

Our study demonstrated that other morphological vari-
ables can also be independently supportive for the UC diag-
nosis. The eosinophilia in the rectum was associated with
UC. Also the basal plasmocytosis was present in more cases
of UC in contrast with CD. These microscopical signs along
with rectal localization and the assessment of CD30+ cells
may represent reliable and simple methods for the diagnosis
of UC.

Eventual benefit of CD30+ cells evaluation is even more
important for the patients with IBDU. This subtype of IBD
was traditionally regarded as a temporary “immature” form
of IBD with the expectation of further differentiation. Even
the Porto criteria for IBDU are based rather on the practical
clinical experience and do not encompass eventual biologi-
cal markers or genetic background. However, a recent study
by Cleyen et al. [26] indicates that IBDU may represent
an independent subtype of IBD with its own characteris-
tic genetic profile. Keeping with this finding, we consider
IBDU to be a definite diagnosis in our study, without further
shift to CD or UC during the follow-up. We did not find any
difference between IBDU and CD, but a marked difference
between IBDU and UC was shown. Therefore, CD30+ cell
counts should be regarded more likely as a supportive bio-
marker of UC rather than discriminating factor between CD
and UC. These findings diverge from current therapeutic
recommendations, where the treatment of IBDU and UC
is actually the same [12]. But the difference in CD30+ cell
counts may indicate that the biology of those diseases is
different and that IBDU stands closer to CD.

On the other hand, if IBDU truly represents an undifferen-
tiated form of IBD with the capacity for further maturation,
CD30+ cell counts could be beneficial even in this case.
Children with IBDU, that manifest CD traits later, should be

reclassified to CD. However, current state of the art in IBD
diagnostics does not have a capacity to select IBDU patients
that are progressing to UC and re-diagnose them. In other
words, children with IBDU will not be able to be changed to
UC in the future. Given the fact that our IBDU group con-
tained patients with both high and low numbers of CD30+
cells, their assessment could serve as a marker of possible
maturation to UC. Patients with diagnosis of IBDU and high
numbers of rectal CD30+ cells that are refractory to current
treatment could profit from the switch to the UC therapy.
And, as stated above, the serum CD30 could prove useful
too, as the progressive elevation of serum levels of CD30
could represent a sign of the progression to UC. However,
this hypothesis is based on the limited number of the patients
in our IBDU group. Further studies, preferably multicenter,
with greater numbers of IBDU patients and their prospective
observation are required to confirm such premise.

Conclusion

In conclusion, routine histopathological assessment of
biopsy samples with rectal CD30+ cell count represents
a supportive biomarker that could improve the differential
diagnosis among subtypes of IBD in treatment naive chil-
dren with IBD.
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The Accuracy of a Home-performed Faecal Calprotectin
Test in Paediatric Patients With Inflammatory
Bowel Disease

Tereza Lerchova, Ondrej Hradsky, Ivana Copova, Kristyna Potuznikova,
Lucie Gonsorcikova, and Jiri Bronsky

ABSTRACT

Objectives: Owing to the invasiveness of endoscopy, the use of biomarkers,
especially faecal calprotectin (FC), has become standard for remission
assessment. This study aimed to compare the accuracy for detection of
endoscopic activity using recently developed FC home test using smart-
phone application (FC-IBDoc) against standard enzyme-linked immunosor-
bent assay (ELISA).

Methods: In all, 102 consecutive observations (89 participants) were
included in prospective observational study. FC-IBDoc was performed
parallelly with FC-ELISA in paediatric patients with inflammatory bowel
disease indicated for endoscopy. Both tests were performed by trained staff.
Mucosal healing was defined using Simple Endoscopic Score for Crohn
disease (CD) <2 in patients with CD (n=44), ulcerative colitis (UC)
Endoscopic Index of Severity <4 in patients with UC (n=27) and
Rutgeerts score i0 and il without colon involvement in patients with CD
after ileocaecal resection (n=19).

Results: Out of 102 endoscopic findings 23 were assessed as mucosal
healing. We found an association of the mucosal healing scores of the entire
group both with FC-ELISA (P =0.002) and FC-IBDoc (P=0.001). The
area under the receiver operating characteristic curve for FC-ELISA was
0.883 (95% confidence interval 0.807—0.960), with optimal cut-off at
136.5 ng/g. The area under the receiver operating characteristic curve for
FC-IBDoc was 0.792 (95% confidence interval 0.688—0.895) with optimal
cut-off at 48 pg/g. The FC-ELISA was more accurate than FC-IBDoc when
tested by a Delong test (P =0.023).

Conclusions: Standard FC-ELISA for FC evaluation is more reliable
predictor of mucosal healing than the FC-IBDoc in paediatric patients
with inflammatory bowel disease. The cut-off values for both tests were
incongruous.

Key Words: bedside, biomarkers, endoscopy, point-of-care, smartphones
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What Is Known

e The utility of monitoring faecal calprotectin levels in
assessment of inflammatory bowel disease activity
was clearly demonstrated.

* The concentration of faecal calprotectin is usually
measured by quantitative enzyme-linked immuno-
sorbent assay in laboratory.

* The main disadvantages of enzyme-linked immuno-
sorbent assay are the requirement of a well-equipped
laboratory to analyse the samples, high financial cost,
and slow evaluation time.

What Is New

* Enzyme-linked immunosorbent assay for faecal cal-
protectin evaluation is more reliable predictor of
mucosal healing than the device for faecal calpro-
tectin home testing in paediatric patients with
inflammatory bowel disease.

* The cut-off values for enzyme-linked immunosorbent
assay and home faecal calprotectin test were
highly incongruous.

roper diagnosis and precise monitoring play an essential role
in treatment of patients diagnosed with inflammatory bowel
disease (IBD) (1,2). When assessing disease activity, the results of
the whole set of examinations, monitoring various aspects of the
disease, must be included. Mucosal healing should, however, be the
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main goal in the treatment of paediatric patients with IBD (3,4).
Even though endoscopic examination is the criterion standard in
evaluation of mucosal healing (1,3,5,6), noninvasive methods (eg,
evaluation of complex clinical status using scales of disease activity
(6), radiological examinations (7,8), and laboratory parameters
(6,9,10)) have recently gained importance because of disadvantages
related to endoscopy, such as invasiveness, financial cost, or limited
extent of examination (1,6,11,12). In addition, many of the listed
methods allow for assessment of other parameters apart from
mucosal healing, such as transmural healing, deep remission, or
general clinical conditions of the patient. According to recent data,
mentioned parameters are becoming an important part of disease
activity monitoring (13,14).

Based on previous data, biomarkers in the stool are consid-
ered to be the most sensitive laboratory parameters when assessing
the endoscopic and histological activity of inflammation (1,6). It
has been shown that the concentration of the neutrophil-derived
marker, faecal calprotectin (FC), is associated with endoscopic
activity scales and reflects mucosal healing (1,15—19). Moreover,
a correlation was demonstrated in the comparison of FC levels and
transmural or deep remission (13). The utility of monitoring FC
levels in assessment of IBD activity was clearly demonstrated in a
randomized controlled trial in 2017 performed in adult patients with
Crohn disease (CD) (Cochran-Mantel-Haenszel test adjusted risk
difference between the tight control group and the clinical manage-
ment group of 16.1% in remission rate [95% confidence interval
(CI) 3.9-28.3; P=0.010]) (20).

The concentration of FC in stool samples is usually measured
by quantitative enzyme-linked immunosorbent assay (FC-ELISA)
(6,21). The main disadvantages of this method are the requirement
of a well-equipped laboratory to analyse the samples, high financial

Paediatric patients with suspected or verified

IBD indicated to undergo endoscopy and

cost, and slow evaluation time (6,21). To be readily applicable, the
test should be simple and the results rapidly available to the
physician. A new FC home test based on smartphone application,
(FC-IBDoc, Buhlmann Laboratories AG, Switzerland) produces an
immediate result and allows FC level monitoring on-site or at home.

The primary aim of the study was to compare the accuracy of
detection of endoscopically assessed inflammation using the
recently developed FC-IBDoc to a standard FC-ELISA. A second-
ary objective was to compare the variability of the results from
multiple measurements of 1 sample.

METHODS

Participants

The study was designed as a prospective observational study
focused on comparing of 2 different FC tests taking endoscopy as a
criterion standard. Data from 103 paediatric patients were consec-
utively collected between October 2016 and March 2018. The stool
samples were collected from paediatric patients diagnosed with
IBD or with suspicion of IBD indicated for endoscopic examination
and hospitalized at the Department of Paediatrics, Motol University
Hospital, Prague.

The inclusion criteria were age between 3 and 19 years,
diagnosis of IBD based on Porto criteria (22), and indication for
endoscopy. Based on study protocol, patients who were unable to
provide a stool sample before starting the bowel preparation for
endoscopic examination, were taking nonsteroidal anti-inflamma-
tory drugs or anticoagulants, or were diagnosed with IBD unclassi-
fied, and patients with diverting stoma, or infectious gastrointestinal
disease were excluded. Eligibility of patients is shown in Figure 1.
In total, 103 patients, who provided stool sample, were screened to

Inclusion criteria not met

who provided stool sample

(n=103)

Patients met the inclusion criteria

, - patients not diagnosed with IBD (n = 4)
- endoscopic examination not performed (n = 1)

Exclusion criteria met
- patients diagnosed with IBDU (n = 2)

(n=98)

Patients included in the study

(n=89)

) - patients with diverting stoma (n = 2)
- data from FC-IBDoc not available (n = 2)
- data from FC-ELISA not available (n = 3)

FIGURE 1. Participants selection. Flowchart showing selection of patients based on inclusion and exclusion criteria. FC-ELISA = faecal calprotectin
quantitative enzyme-linked immunosorbent assay; FC-IBDoc = faecal calprotectin home test based on smartphone application; IBD =

inflammatory bowel disease.
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be enrolled in the study, 5 did not meet inclusion criteria and had to
be excluded. Out of the remaining 98 patients, 9 were excluded
based on exclusion criteria. Finally, 89 subjects were included in the
study, a total of 102 measurements were performed.

Detection of Faecal Calprotectin Concentration

The same sample of stool taken before starting bowel
preparation for colonoscopy was analysed using an FC-IBDoc in
parallel with a standard FC-ELISA.

A recently developed home test for quantitative determina-
tion of FC levels in stool samples is based on an image evaluation
from a Lateral Flow device designed for sample processing. Extrac-
tion tube called CALEX Valve is used to collect a precise amount of
stool sample. In the same tube the stool sample is mixed with an
extraction solution and subsequently applied on the lateral flow
device. The mixture is then detected by red and gold particles as
rising through the test cassette and reaching testing and control
strip. The FC levels are measured based on immunochromato-
graphic method. The image is taken by a smartphone and sent
for evaluation using an Internet application. The result is displayed
within 15 seconds and simultaneously sent to the FC-IBDoc Portal.
According to manufacturer’s data (23), the test has a range of 30 to
1000 pg/g, results above 1000 pwg/g are less accurate. According to
the manufacturer’s instructions (23), all samples were collected in
screw-capped plastic containers and stored in a refrigerator. The
time from sample acquisition to processing was no longer than 7
days. All FC-IBDoc analyses were performed by a trained physi-
cian, and each sample was tested twice, with the mean of the 2
obtained values used for statistical analysis. In addition, stool
samples from 14 patients were measured 5 times to perform
intra-assay reliability analysis.

FC-ELISA is a standard laboratory method using a fluores-
cence immunoassay. Stool samples were collected in the same
screw-capped plastic containers and sent to the laboratory to be
prepared and analysed using the EliA Calprotectin 2 test (Thermo
Fisher Scientific, Phadia AB, Uppsala, Sweden). Based on the
manufacturer’s data, results >6000 pg/g are less precise.

Endoscopic Evaluation

We chose the categorical variable of mucosal healing as a
primary goal because it corresponds to the main target of the FC-
IBDoc test. Results from both tests were compared with mucosal
healing defined by endoscopic scores, in patients with CD, by
simple endoscopic score for CD (SES-CD) <2 (n=44) (24,25), in
patients with ulcerative colitis (UC), by UC endoscopic index of
severity (UCEIS) <4 (n=27) (26,27), and in patients with CD after
ileocaecal resection (ICR), by Rutgeerts score i0 and il without
signs of colon involvement (n=19) (28).

No information regarding other tests results were available to
readers of a particular test.

Statistical Analysis

All data were analysed using R statistical software (version
3.4.4). Continuous variables were described as median and inter-
quartile range (IQR). Categorical variables were described as
absolute frequencies and percentages. Values of FC were analysed
on a logarithmic scale. Because of multiple observations from 1
subject, the associations between mucosal healing and FC were
assessed using a generalized linear mixed model and a linear mixed
model (R package “Ime4”” and “ImerTest”). The accuracy of FC-
IBDoc and FC-ELISA for respective scores was analysed using

www.jpgn.org

receiver operating characteristic (ROC) curve analysis with cross-
validated area under the ROC curve (AUC) measurements. The
AUCs were compared using a DeLong test. Among patients with
multiple observations of IBDoc at 1 time, we performed a 2-way
mixed-effects model to assess intraclass correlation and, using a
bootstrap method, a CI was constructed. To compute Fleiss’ kappa,
R package ‘“‘irr” was used. P values <0.05 were considered
statistically significant. All P values were 2 sided.

Ethical Considerations

The study was approved by the Ethics Committee of the
authors’ institution (EK-1491/16). The patients’ guardians received
written information on the study and signed a consent form. The
study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the
institution’s human research committee.

RESULTS

Patients Characteristics

We included 102 observations from 89 patients (62 CD and
27 UC, 48 boys [54%], median age 15.36 years [IQR 11.14—
17.28]). The patient’s demographic and clinical characteristics
according to Paris classification (29) are listed in Table 1.

Prediction of Mucosal Healing Based on Faecal
Calprotectin Levels

Among 102 performed endoscopic examinations from 89
patients included in the study, 79 did not fulfil the criteria for
mucosal healing, 46 SES-CD >2 in patients with CD, 22 UCEIS >4
in UC, and 11 Rutgeerts score >i0 and il without signs of colon
involvement in CD after ICR (Supplemental Table 1, Supplemental
Digital Content, http://links.lww.com/MPG/B621). The median
measured concentration of FC in all 102 samples was 690 ug/g
(IQR 117.5-1924.5) when measured with FC-ELISA and 78.0 pg/g
(IQR 30.0-324.0) in FC-IBDoc. Medians measured FC concentra-
tion in endoscopically active and inactive patients differ applying
both, FC-ELISA and FC-IBDoc, tests (Fig. 2). We found a correla-
tion between the results of both tests (Pearson correlation coeffi-
cient of 0.70, 95% Cl1 0.58-0.78, P < 0.0001).

We found an association of the mucosal healing of the entire
IBD group both with FC-ELISA (P=0.002) and FC-IBDoc
(P=0.001). To determine the best cut-off value of each test to
predict mucosal healing, ROC curves were constructed (Fig. 3). The
crossvalidated AUC for FC-ELISA was 0.883 (95% CI 0.807—
0.960) with optimal cut-off at 136.5 wg/g. The AUC for FC-IBDoc
was 0.788 (95% CI 0.674—0.902) with optimal cut-off at 48 ng/g.
When a Delong test was applied, the FC-ELISA was more accurate
than FC-IBDoc (P =0.023). Similarly, the regression mix-model
constructed using FC-ELISA as a predictor, was significantly better
than the model using FC-IBDoc. We did not find an association
with FC levels, measured with FC-ELISA or with FC-IBDoc, and
mucosal healing in subset of patients assessed by SES-CD, UCEIS,
or Rutgeerts score.

Prediction of Intensity of Inflammation Based
on Faecal Calprotectin Levels

When assessing intensity of inflammation using a linear
mixed model for subsets of observations evaluated by SES-CD
as the continuous variable, we found an association with FC-ELISA
(B=2.35,95% CI 0.87-3.91), but not with FC-IBDoc. We found
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TABLE 1. Patient’s demographic and clinical characteristics according to Paris classification (29)

*

All CD uc
Number of patients 89 62 27
Sex, male (%) 48 (0.54) 33 (0.53) 15 (0.56)
Age at diagnosis, y, median (IQR) 12.5 (9.5-14.9) 12.7 (9.9-14.9) 11.5 (7.9-14.8)
Ileal involvement, L1 (%) 20 (0.22) 20 (0.32)
Colonic involvement, L2 (%) 10 (0.11) 10 (0.16)
Ileocolonic involvement, L3 (%) 31 (0.35) 31 (0.5)
Lda (%) 25 (0.28) 25(0.4)
L4b (%)* 3 (0.03) 3 (0.05)
Ldab (%)* 0 (0.00) 0 (0.00)
Nonstricturing and nonpenetrating disease, B1 (%) 39 (0.44) 39 (0.63)
Stricturing disease, B2 (%) 22 (0.25) 22 (0.35)
Penetrating disease, B3 (%) 0 (0.00) 0 (0.00)
B2B3 (%)l 1(0.01) 1(0.02)
Perianal disease (%) 7 (0.08) 7 (0.11)
Proctitis, E1 (%) 2 (0.02) 2 (0.07)
Left-side colitis, E2 (%) 5 (0.06) 5(0.19)
Extensive colitis, E3 (%) 1 (0.01) 1 (0.04)
Pancolitis, E4 (%) 19 (0.21) 19 (0.7)
Never acute severe colitis, SO (%) 24 (0.27) 24 (0.89)
Ever acute severe colitis, S1 (%) 3 (0.03) 3(0.11)

The Paris classification applies to the time of diagnosis.
CD = Crohn disease; IQR = interquartile range; UC = ulcerative colitis.

*Out of 62 following patients with CD 19 underwent ileocaecal resection since the time of diagnosis.

TUpper gastrointestinal (GI) involvement up to Treitz ligament correspond to L4a, according to Paris classification.
iUpper GI involvement distal to Treitz ligament correspond to L4b, according to Paris classification.

SUpper GI involvement up and distal to Treitz ligament correspond to L4ab, according to Paris classification.
”Stricturing and penetrating disease correspond to B2B3, according to Paris classification.

an association of UCEIS with both FC-ELISA and FC-IBDoc
(B=0.62, 95% CI 0.37-0.86, respectively; B=0.85 ,95% CI
0.44—1.26). Rutgeerts score in a subgroup of patients with CD
after ICR was associated with both FC-ELISA and FC-IBDoc
(B=0.46, 95% CI 0.20-0.69, respectively; f=0.57, 95% CI
0.02-0.16).

Intraclass Variability of Faecal Calprotectin
Levels Measured by FC-IBDoc

Based on obtained Intraclass correlation coefficient (ICC) in
a subset of 70 repeated measurements from 14 patients, computed
by a 2-way mixed-effects model, the level of reliability was
concluded as good (ICC =0.79, 95% CI 0.53-0.89). When using
Fleiss kappa, the level of reliability was rated as fair to good (Fleiss
kappa coefficient = 0.68).

DISCUSSION

To the best of our knowledge this was the first study
simultaneously evaluating FC levels measured with the use of a
smartphone application, standard ELISA, and endoscopy as a
criterion standard. We found that the standard ELISA for FC
evaluation is a more reliable predictor of mucosal healing than
the FC-IBDoc in paediatric patients with IBD.

Along with the development of a new field of healthcare, e-
Health (30), home testing is becoming more accessible. This new
concept, the main purpose of which is to use information and
communication technology to promote prevention, diagnosis, and
treatment of various diseases, intervenes in all branches of medicine
including the care of patients with IBD. Home monitoring of FC
levels using a smartphone application is now available.
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To establish the value of home monitoring of FC concentration
in management of care of patients with IBD, it was necessary to
compare the results of the home test and standard tests. Several
studies comparing the accuracy of FC home testing with the standard
test have been recently published. Vinding et al (31) reported in 2016
a moderate agreement between FC levels obtained using ELISA and
the smartphone-based home test (r=0.685). The study was con-
ducted on large number of adult patients who performed the test
themselves. Elkjaer et al (32) compared 3 methods of FC level
measurement including ELISA, the smartphone-based home test,
and a lateral flow device—based test linked to a laptop computer.
Agreement was found both when comparing FC concentration
measured by ELISA with the 2 rapid tests (r=0.954, respectively,
r=0.939), and when comparing the smartphone-based home test and
lateral flow device—based test to each other (r=0.961). Similarly, a
smaller study in 2012 (33) performed in patients with suspicion of
IBD (n=40) or IBD relapse (n=45) showed a correlation between
the quantitative method, time-resolved fluorescence immunoassay
(34), and 2 rapid tests, namely Quantum Blue Calprotectin (k 0.77;
95% C10.64—-0.90) and Prevent ID CalDetect (k 0.46; 95% CI 0.32—
0.60). Bello et al (11) confirmed a good correlation between the
home-based and central ELISA measurements of FClevels inan adult
IBD population (ICC=0.88 with inferior limit of the coefficient
0.82). Similarly, Heida et al (35) has shown that measurements of FC
concentrations done with a home-based lateral flow method using a
smartphone application were in agreement with measurements made
by a hospital-based reader using the Quantum Blue method (Spear-
man rank correlation coefficient r=0.94, P < 0.001) and central
ELISA (Spearman rank correlation coefficient r=0.85, P < 0.001).
In this study, performed in a combined adult (n = 82) and paediatric
(n=19) population, agreement between the home-based lateral flow
test and ELISA was found when FC concentrations were <500 pg/g
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FIGURE 2. Box plots comparing medians FC values measured with FC-ELISA (A) and FC-IBDoc (B) in patients with CD (n =44), UC (n=27), and
with CD after ileocaecal resection (n=19) with and without mucosal healing. A, The median value of FC concentration in the stool samples
measured by FC-ELISA in endoscopically active (n = 79) and inactive patients (n = 23). B, The median value of FC concentration in the stool sample
measured by FC-IBDoc in endoscopically active (n = 79) and inactive patients (n = 23). Mucosal healing was defined as SES-CD <2 in patients with
CD (n=44), UCEIS <4 in patients with UC (n =27) and Rutgeerts score i0 and i1 without colon involvement in patients with CD after ileocaecal
resection (n=19). CD = Crohn disease; FC = faecal calprotectin; FC-ELISA = faecal calprotectin quantitative enzyme-linked immunosorbent
assay; FC-IBDoc = faecal calprotectin home test based on smartphone application; UC = ulcerative colitis; UCEIS = ulcerative colitis Endoscopic

Index of Severity.

(71% of IBDoc results were with agreement with ELISA results). In
the latter 2 studies (11,35), the home test was performed by the
patients themselves. In these studies, different levels of agreement
between ELISA and the home-based method of FC evaluation have
been described. None of the studies mentioned above took into
account clinical data, but only focused on comparison of measured
levels of FC, which were not directly compared with the endoscopic
findings, so it is difficult to evaluate which of the 2 methods is
more accurate.

Although it is known that FC remains relatively stable in
stool samples for at least 3 days at a room temperature (36,37),
higher accuracy due to quick and immediate processing with no
need for time for transportation, can be assumed. Because FC-
ELISA, however, proved to be more accurate than the FC-IBDoc,
this speculation was not confirmed in the present study.

It should be noted that results from FC-IBDoc are available
in 2!/2 hours, whereas it takes several days to obtain results from FC-
ELISA, which is however approximately 2 times cheaper than FC-
IBDoc.

Several point-of-care testing methods for FC detection were
available before home-based tests were developed. A good

www.jpgn.org

accuracy of these rapid methods has been confirmed in multiple
studies (38—42), but only a few compared measured FC concentra-
tion with endoscopic findings. Positive correlation between endo-
scopically assessed activity of inflammation and FC levels
measured with point-of-care testing methods was confirmed in
several studies performed in adult populations (6,12,43,44). The
excellent accuracy of a bedside faecal calprotectin enzyme-linked
immunosorbent assay in prediction of histological inflammation
was shown in a study performed in paediatric treatment-naive
patients (45). The same study confirmed a good accuracy of the
method when assessing endoscopic inflammation.

Since the cut-off values for both the FC-ELISA and FC-
IBDoc tests were highly incongruous, we have shown that it is not
possible to freely compare their results. As none of the previously
performed studies considered clinical data, the optimal cut-off
values of FC home-based test were calculated with respect to FC
levels measured with ELISA. The range of calculated cut-off points
was from 50 to 150 pg/g, which tightly meets the optimal cut-off
indicated in this study (31,32,35). The optimal cut-off point pre-
dicting mucosal healing of ELISA was 250 pg/g in a large meta-
analysis conducted in patients with CD and UC (46). The cut-off
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FIGURE 3. Comparison of accuracy in prediction of mucosal healing
using FC levels measured by FC-ELISA and FC-IBDoc. FC-ELISA is a
more reliable predictor of mucosal healing, defined as SES-CD <2 in
patients with CD (n = 44), UCEIS <4 in patients with UC (n=27) and
Rutgeerts score i0 and i1 without colon involvement in patients with
CD after ileocaecal resection (n=19), than the FC-IBDoc in paediatric
patients with IBD based on AUC (Delong test P=0.023). In total, 102
observations were analysed. AUC = area under the curve; CD = Crohn
disease; FC-ELISA = faecal calprotectin quantitative enzyme-linked
immunosorbent assay; FC-IBDoc = faecal calprotectin home test
based on smartphone application; ROC = receiver operating charac-
teristic; SES-CD = simple endoscopic score for Crohn disease; UC =
ulcerative colitis; UCEIS = ulcerative colitis Endoscopic Index of
Severity.

indicated in the present study can be considered as verging to the
value proposed in the meta-analysis.

Comparison of multiple measurements using FC-IBDoc of
each sample was performed to reveal the reliability of the test,
which was indicated as good. We avoided the potential influence of
intraindividual variability of FC concentrations, described in many
previously published studies (47,48), by multiple analyses of 1 stool
sample. The intra-assay variability was slightly higher in this study
than the variability of the FC home test described in recently
published studies. Kristensen et al (48) referred the mean coefficient
of variation of the duplicated FC level measurements 3.4% (95% CI
2.5%—4.5%). The test of reliability performed in relatively large
Scottish study (47) was rated as moderately good (k 59% [95% CI:
0.27— 0.90] for FC >50 pg/g).

The present study has certain limitations to note. First,
although mucosal healing is usually defined using endoscopic
scoring systems, there is still no clear consensus on the exact value
allowing establishment of mucosal healing. We defined mucosal
healing as SES-CD <2 in patients with CD, UCEIS <4 in patients
with UC, and Rutgeerts score i0 and il without signs of colon
involvement for patients after ICR in agreement with several
recently published data (24—27). Second, the sample size was
relatively small. Assuming a larger sample size, it is possible that
the association between inflammation intensity defined by SES-CD
and FC concentration measured with FC-ELISA could be sup-
ported. In addition, the FC-IBDoc is designed to be done at home;
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however, the test was performed in a hospital with participation of
trained staff. We chose this approach to eliminate possible mea-
surement failures and errors, whose relatively high number has been
described at least in 1 study. Piekkala et al (49) indicated approxi-
mately 15% of failures were caused by inappropriate use of the test
at home.

CONCLUSIONS

In conclusion, this was the first study comparing the accuracy
of FC home test, namely IBDoc, to the standard FC-ELISA using
endoscopic scores as a criterion standard. We have shown that in
paediatric patients with IBD, the standard FC-ELISA is a more
reliable test in predicting endoscopically defined mucosal healing
than the FC-IBDoc. Based on our data, the FC-IBDoc should not
replace the FC-ELISA in monitoring disease activity. The test may
be particularly suited for obtaining an approximate result for
monitoring disease activity at home setting. The caution that
sensitivity of the FC-IBDoc is lower than the one of ELISA method
must be bear in mind.
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ARTICLE INFO ABSTRACT

Keywords: Background: Fecal calprotectin (F-CPT) represents one of the most widely used biomarkers for intestinal in-
Calprotectin flammation. However, the levels may be false negative or false positive in some situations.

Immunohistochemistry Aims: To evaluate the usefulness of immunohistochemical (IHC) detection of tissue calprotectin (T-CPT) in
g{i‘:ﬁ:e colitis bowel mucosa in children with ulcerative colitis (UC). We focused at correlation of T-CPT with levels of F-CPT

and endoscopic and microscopic disease activity at the time of diagnosis and tested whether T-CPT could serve as
predictor of complicated course of the disease.

Methods: Forty-nine children with newly diagnosed UC between 6,/2010-1,/2018 entered the study. Endoscopic
activity was objectified using the Ulcerative Colitis Endoscopic Index of Severity (UCEIS), clinical activity by
Pediatric Ulcerative Colitis Activity Index (PUCAI) and microscopic activity by Geboes and Nancy score. The IHC
staining for CPT antigen was performed on bioptic samples from 6 bowel segments and the number of
CPT + cells were counted per 1HPF. During the minimal follow-up of 12 months we searched for presence of
complications. As outcome for Cox regression model we used composite endpoints: A) Acute Severe Colitis,
colectomy, anti-TNF treatment; B) systemic corticotherapy; C) systemic 5-aminosalicylic acid therapy.

Results: Neither levels of T-CPT nor values of UCEIS, Geboes or Nancy score predicted the given complications.
We found F-CPT levels (HR 2.42 and 2.52) and PUCAI > 40 points (HR 2.98) as predictors of time to endpoints
B and C. Good correlation was found between T-CPT levels and Geboes score (k = 0.65) and Nancy score
(k = 0.62) and modest with F-CPT (k = 0.44), UCEIS (k = 0.38) and PUCAI (k = 0.42).

Conclusions: T-CPT correlated well with microscopic scores. F-CPT and PUCAI appear to be better predictors of
unfavorable outcome in patients with UC.

1. Introduction

Ulcerative colitis (UC) is a chronic systemic inflammatory disorder
with predominant involvement of the gastrointestinal tract [1]. Peri-
odic monitoring evaluating the disease intensity and activity is essential
for optimizing the treatment strategy. Even though the disease activity
may be assessed by clinical scores, namely Pediatric Ulcerative Colitis
Activity Index (PUCAI) [2], the endoscopy is still considered the gold
standard for the assessment of the intestinal inflammation and mucosal
healing, especially at the time of diagnosis [3,4]. However, this pro-
cedure is invasive, time-consuming and burdening, especially for pe-
diatric population, where the general anesthesia is usually required.

* Corresponding author.
E-mail address: Ondrej.Fabian2@fnmotol.cz (O. Fabian).
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Therefore, reliable non-invasive markers for monitoring a disease ac-
tivity are required. Fecal calprotectin (F-CPT) represents one of the
most widely used biomarkers for intestinal inflammation with high
sensitivity for both adult and pediatric population [5,6]. However, the
F-CPT cannot be used to localize the focus of the disease activity and its
levels may be false negative or false positive in some situations [7-9].

In our work, we focused at the immunohistochemical assessment of
the tissue CPT (T-CPT) in the bowel mucosa of the children with UC.
The aim of this work was: 1) to evaluate, whether the im-
munohistochemical assessment of the T-CPT may serve as an in-
dependent predictor of the complicated course of the disease, 2) to
establish, whether the numbers of CPT positive cells in the bowel
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Fig. 1. Flowchart of included and excluded patients.

mucosa correlate with the levels of F-CPT at the time of diagnosis, and
3) to correlate the CPT + cell counts with the microscopic, endoscopic
and clinical activity of the disease.

2. Materials and methods

All children (n = 130) with newly diagnosed UC in period between
June 2010 and January 2018 were screened for eligibility to enter this
retrospective cohort study. Patients were retrospectively re-evaluated
by expert pediatric gastroenterologists and the diagnosis at the time of
the first endoscopy was confirmed or modified according to revised
Porto criteria for the diagnosis of pediatric inflammatory bowel diseases
(IBD) [10]. Patients that had already been initiated on UC treatment at
the time of biopsy as well as those with missing clinical data, endo-
scopic documentation or archive bioptic material for the revision of the
diagnosis were excluded from the study. After the revision, 49 children
with UC entered the study. Eight patients had to be subsequently ex-
cluded from the statistical analysis due to insufficient clinical data at
the end of the time period of follow-up (Fig. 1). Clinical characteristics
of the patients at the end of the minimal follow-up are given in the
Table 1. The endoscopic findings at the time of the diagnosis were
objectified using the Ulcerative Colitis Endoscopic Index of Severity
(UCEIS) [11]. This score was chosen for its good reproducibility among
the endoscopists and its good correlation with clinical, laboratory and
histopathological markers of activity in UC [12,13]. The clinical se-
verity of the disease at the time of the diagnosis was assessed by the
PUCAL

The archive histopathological slides from the bioptic samples

Table 1
Demographic and clinical characteristics of the patients with UC at the
end of the minimal follow-up.

Number of the patients 41

Sex, male, n (%) 23 (56.10)
Age at diagnosis, years, median (IQR) 12 (7-15)
Acute Severe colitis, n (%) 2 (4.88)
Anti-TNF, n (%) 11 (26.83)

Colectomy, n (%) 0(0)
Systemic CS, n (%) 12 (29.27)
Systemic 5ASA, n (%) 3(7.32)

UC = ulcerative colitis; IQR = interquartile range; anti-TNF = anti-tumor
necrosis factor therapy; CS = corticotherapy; 5ASA = 5-aminosalicylic
acid treatment.

Pathology - Research and Practice 215 (2019) 152689

Fig. 2. Photomicrographs showing calprotectin (CPT) positive cells by im-
munohistochemistry (x 400):

A. Bioptic sample of colonic mucosa devoid of any inflammation. No CPT +
cells are present.

B. Bioptic sample of colonic mucosa with mild chronic inflammation. Scarce
CPT+ cells in the lamina propria.

C. Bioptic sample of colonic mucosa with marked chronic inflammation.
Numerous CPT+ cells in the lamina propria and the epithelium.

obtained at the time of diagnosis stained with hematoxylin and eosin
were reviewed by senior pediatric gastrointestinal pathologist blinded
to clinical data. To evaluate microscopic findings, six bowel segments
from each patient were analyzed (terminal ileum, cecum, ascending
colon, transverse colon, descending colon and rectum). The samples
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Fig. 3. Heat map reflecting the distribution of the Geboes histopathological score values and numbers of the CPT + cells in all bowel segments.

were taken from the most affected areas of each segment. Intensity and
activity of the inflammation was objectified using the Geboes and
Nancy score, two widely used validated histopathological scoring sys-
tems for UC with good correlation with endoscopic findings and sui-
table interobserver reliability [12,14,15].

After that, the immunohistochemical staining of CPT antigen was per-
formed on all archive biopsy samples. One micrometer thin tissue sections
were deparaffinized and the anti-CPT primary antibody (Invitrogen, at a
dilution of 1:1000) was used. Detection was performed by the PolyDet Dab
chromogen (Dako REAL) with phosphate-buffered saline solution. CPT ex-
pression was assessed by counting the highest number of positive cells per
one high power field (400x magnification) in the most affected region of
each microscopic slide. The positive cells were counted separately for la-
mina propria and the epithelium (Figs. 2, 3 and 4).

During the minimum 12 months of prospective follow-up, we
searched for the presence of following composite endpoints, presented
as 3 separate substudies based on their severity: A) development of the
Acute Severe Colitis (ASC) defined as the PUCAI > 65, necessity of
colectomy or initiation of the Infliximab (IFX) treatment; B) first in-
itiation of systemic corticosteroid (CS) therapy; C) first initiation of
systemic 5-aminosalicylic acid (5ASA) treatment. The time to endpoint
was chosen as outcome. Patients manifesting with ASC at the time of
the diagnosis were not included in the study, since the ileocolonoscopy
is not recommended in the setting of ASC [16,17] and these patients
therefore did not fulfill the inclusion criteria.

3. Ethical considerations

Legal representatives of the patients signed an informed consent
form for inclusion into the study. The study was approved by the Ethics
Committee of Motol University Hospital on 28.03.2018.

4. Statistical analysis

Statistical software R-project (R Core Team, version 3.4.4) was used
for data analysis. For all scoring systems included in the study, the
mean values, medians and maximal values from all bowel segments

were calculated and used in the subsequent analysis. The CPT + cell
counts were assessed separately for lamina propria and epithelium and
in total sum for the whole mucosa as well. To test, whether the levels of
T-CPT and F-CPT and values of UCEIS, PUCAI and both histopatholo-
gical scores at the time of diagnosis are independent predictors of the
complicated course of the disease, a univariate Cox proportional ha-
zards regression analysis (using the software package "survival") was
used. Since the PUCAI > 40 (moderate disease activity) appeared to be
one of the predictors (see Results section), a receiver operating curves
(ROC) were constructed (using the software package "pROC") to find
the cut-off values for both T-CPT and F-CPT, that would be able to select
patients on this level of disease activity. Individual ROC curves were
compared using the DeLong's test. To verify the correlation between F-
CPT and T-CPT levels and values of the histopathological, endoscopic
and clinical scores, the Pearson's product-moment correlation was
performed. Probability (p) values of < 0.05 were considered sig-
nificant. A 95% confidence interval was used.

5. Results
5.1. T-CPT as a predictor of the complicated course of the disease

Neither levels of the T-CPT, nor the values of UCEIS, Geboes or
Nancy score predicted any complication during minimum 12 months of
follow-up since diagnosis. However, the levels of the F-CPT in loga-
rithmic scale and moderate disease activity (defined as PUCAI > 40)
were independently associated with the B and C endpoints (initiation of
the systemic CS and/or 5ASA therapy) (Table 2). Based on the analysis
of the area under curve, no suitable cut-offs for T-CPT or F-CPT levels
that could be linked to moderate disease activity at the time of diag-
nosis was found (AUC = 0.691 for F-CPT and 0.678 for T-CPT). De-
Long's test showed no significant difference between those curves.

5.2. Association of T-CPT and F-CPT with microscopic, endoscopic and
clinical activity scores

A good level of correlation was found between the median values of
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Fig. 4. Heat map reflecting the distribution of the Nancy histopathological score values and numbers of the CPT + cells in all bowel segments.

Table 2
Univariate Cox proportional hazards regression analysis of PUCAI > 40 and T-
CPT as the predictors of complicated course of the disease.

Risk Ratio (CI) P
PUCAI > 40 Endpoint A 2.237 (0.539-9.291) 0.268
Endpoint B 2.98 (1.011-8.787) 0.048
Endpoint C 2.98 (1.011-8.787) 0.048
Risk Ratio (CI) P
log(T-CPT) Endpoint A 2.447 (0.873-6.859) 0.089
Endpoint B 2.422 (1.042-5.631) 0.04
Endpoint C 2.517 (1.115-5.681) 0.026

T-CPT = tissue calprotectin; CI = confidence interval; PUCAI = Pediatric
Ulcerative Colitis Activity Index.

Bold value highlights a statistically significant result.

T-CPT and Geboes score (k = 0.65, p < 0.001) and median values of T-
CPT and Nancy score (k = 0.62, p < 0.001). There was a weak cor-
relation between T-CPT and UCEIS (k = 0.38, p = 0.02), PUCAI
(k = 0.42, p = 0.01) and F-CPT (k = 0.44, p = 0.01).

We found a weak correlation between F-CPT and Geboes score
(k = 0.39, p = 0.025), Nancy score (k = 0.38, p = 0.03) and UCEIS
(k = 0.36, p = 0.039). There was no significant association between F-
CPT and PUCAI (k = 0.36, p = 0.06).

6. Discussion

To the best of our knowledge, this is the first study exploring the
contribution of the immunohistochemical assessment of T-CPT in chil-
dren with IBD. CPT is a member of the S100 family and contributes to
approximately 60% of the protein content in the cytosol of neutrophils
[6]. Any active inflammatory process in the bowel mucosa results in
leakage of CPT into the lumen and subsequently in the stool, where it
can be detected and may serve as a non-invasive marker of the presence
of active inflammation in the gut [18]. It appears to be a reliable marker
for distinguishing inflammatory bowel disease from irritable bowel

syndrome, which may share some common clinical symptoms as ab-
dominal pain, bloating or diarrhea [6]. However, F-CPT yields some
significant limitations. It represents a general marker of the active in-
flammation and is not disease specific, has no informative value in
regards to the exact localization of the inflammation in the gut and may
be false positive or false negative in some instances. Up to one quarter
of healthy adult individuals show abnormal levels of the F-CPT ac-
cording to some studies (probably due to presence of sporadic large
bowel adenomas) [8]. On the other hand, levels of F-CPT can be de-
creased or even normalized iatrogenicaly by a bowel preparation pro-
cedure before colonoscopy [9]. Finally, there are published cases of
patients with IBS and high levels of F-CPT, probably due to the in-
flammatory reaction to bowel dysbiosis [7]. There seems to be an in-
trapersonal day-to-day variability in F-CPT levels for both healthy
persons and patients with IBD as well [19,20]. Moreover, the physio-
logical levels of F-CPT are higher in children with the maximum in the
neonatal age and then declines till the adulthood [21]. A metanalysis
from Degraeuwe et al. [22] reported a 17% rate of false negative results
in children with IBD when using the standard cut-off 50ug/g.
Therefore, we aimed at the immunohistochemical assessment of the
T-CPT in the bowel mucosa. We speculated that the direct visualization
of the CPT + inflammatory cells could more accurately reflect the ac-
tual level of the mucosal disease activity. Of course, the microscopic
activity of the inflammation can be adequately assessed on the basis of
the presence of neutrophils in the standard hematoxylin and eosin
staining. However, in pediatric IBD, there is a lack of data about the
predictive value of microscopy for complications development and its
correlation with endoscopic or clinical scores of the activity. A study of
Ashton et al. [23] demonstrated more extensive disease on the micro-
scopic level compared to the endoscopic appearance in pediatric IBD.
However, the study did not clarify, whether this increase in disease
extent actually does reflect the real clinical presentation of the disease
and whether it provides any predictive value in terms of future clinical
course. The T-CPT staining may be beneficial especially for patients
with no microscopic signs of inflammation activity in routine haema-
toxylin and eosin stain. In this setting, the direct visualization of
CPT + cells may assess the presence of subtle signs of the active
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inflammation more precisely. Therefore, we investigated, whether the
T-CPT could improve the exactness of the histopathological assessment
of the inflammation activity and better predict the complicated course
of the disease. To this day, there are almost no studies regarding this
topic. Only two studies engaged in IBD included the T-CPT in their data
analysis and both of them were performed on the cohorts of adult pa-
tients. Guirgis et al. [24] found a good correlation of the low T-CPT
with clinical, endoscopic and microscopic remission in adult patients
with UC. On the other hand, elevated T-CPT (median value > 5 cells/
HPF) was associated with adverse clinical outcome. A work from Fu-
kunaga et al. [3] focused at the correlation of the F-CPT with the serum
CPT and fecal hemoglobin. The immunohistochemical assessment of
the T-CPT was a secondary outcome only and the authors showed that
the patients with IBD have higher counts of the CPT + cells in the
bowel mucosa compared to healthy individuals. No study ever ex-
amined the T-CPT as a possible prognostic marker or correlated it with
other means of the assessment of the disease activity in children with
IBD. In our work, we demonstrated a good correlation between T-CPT
and both Geboes and Nancy histopathological scores. The T-CPT thus
probably truly reflects the actual microscopic activity of the in-
flammation. However, we failed to link the levels of the T-CPT and the
values of the Geboes and Nancy histopathological scoring systems with
the development of the complications.

Regarding the F-CPT and its correlation with the endoscopic find-
ings, the vast majority of the information stem from adult cohorts and
the data for pediatric population are sparse. In the study of Fagerberg
et al. [E], F-CPT correlated significantly with the endoscopic findings in
the cohort of 39 pediatric patients with IBD. Ricciuto A et al. [25]
showed that levels of F-CPT were associated with UCEIS values in
children with IBD and primary sclerosing cholangitis. Our work con-
firms a significant, but only a weak correlation between F-CPT and
UCEIS. For the clinical scores of the disease activity there is a con-
siderable deal of children in clinical remission (defined as PUCAI <
10) with elevated F-CPT [26]. Our findings are in keeping with these
observations, since we failed to prove any correlation between F-CPT
and PUCAL In contrast to previous findings [27], our work showed only
a weak correlation of F-CPT with microscopic activity of the disease,
neither in Geboes nor Nancy score.

The fundamental question is the ability of the F-CPT to predict the
clinical outcome. According to several studies [28,29], level of the F-
CPT adequately reflects the actual disease activity with respect to sus-
tained remission or relapse rate. However, there is a lack of data about
the F-CPT at the time of diagnosis and its predictive value for the de-
velopment of subsequent complications. In our study, the levels of the
F-CPT at the first endoscopy predicted the necessity of the initiation of
the systemic CS and 5ASA therapy. Besides, the moderate clinical dis-
ease activity (PUCAI > 40) was the predictor of those complications as
well. These findings are in contrast to previous studies, where PUCAI
values at the time of diagnosis were not associated with the necessity of
immunomodulatory therapy or 5ASA treatment during 1 year of follow-
up [30,31].

There are several possible limitations of the study. Only three pa-
tients with previous local 5ASA therapy were subsequently initiated
with the systemic 5ASA treatment. Therefore, the association of the
outcome C with the moderate disease activity and F-CPT levels, al-
though significant, needs to be confirmed by subsequent studies.
Another limitation may be the retrospective design of the study. The
immunohistochemical staining of anti-CPT required new sections from
archive paraffin blocks, which may lead to partial cutting of the ma-
terial. Moreover, the retrospective assessment of the PUCAI from the
electronic documentation could have a limited value. Finally, a large
amount of the patients was not enrolled in the study due to strict in-
clusion criteria. However, since the included sub-cohort shared similar
baseline characteristics with the excluded patients, the non-intentional
selection bias is unlikely.

Pathology - Research and Practice 215 (2019) 152689

7. Conclusions

This is the first study aiming at the immunohistochemical assess-
ment of the T-CPT in pediatric population generally. Despite its good
correlation with the histopathological indexes of the disease activity, T-
CPT failed to predict the complicated course of the disease. Therefore,
the usefulness of the histopathological assessment of the inflammation
activity in the prediction of the complications in children with UC,
whether in conventional staining or in specialized methods, remains
uncertain. On the other hand, F-CPT levels at the time of diagnosis
together with moderate disease activity based on the PCUAI score ap-
peared to be independent predictors of the initiation of systemic CS and
5ASA therapy.
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Abstract

Background and Aims: According to current guidelines, most pediatric patients with Crohn’s
disease (CD) are prescribed long-term immunosuppressive therapy with azathioprine (AZA).
This study aimed to identify predictors to develop a model allowing stratification of patients
who will not benefit from AZA and who require a more intensive therapeutic approach early
after diagnosis.

Methods. This study was designed to develop a clinical prediction rule using retrospective data
analysis of patients included in a prospective inception cohort. Out of 1190 CD patients from
13 European centers, 441 were included in the analysis. Clinical relapse was defined as the
necessity of re-induction of remission. Sequence of Cox models was fitted to predict the risk of
relapse. The final model was fitted on 380 patients with complete data.

Results: Half of the patients did not experience clinical relapse within 2 years of AZA treatment
initiation. Median time to relapse was 2.11 (CI 1.59-2.46) years. Of all the tested parameters
available at diagnosis, six were significant in multivariate analyses: C-reactive protein
(p=0.038), body mass index Z-score >0.8SD (p=0.002), abnormal sigmoid imaging (p=0.039),
abnormal esophageal endoscopy (p=0.005), ileocolonic localization of the disease (p=0.023),
and AZA dose in a specific age category (p=0.031). A web-based tool for individual prediction
was developed (https://gastroped.shinyapps.io/AZA_time to_relapse/).

Conclusion: Clinical remission was observed in 50.3% of patients after 2 years of AZA
treatment. Although the possibility of predicting relapse on AZA treatment appears limited, we
developed a predictive model based on six baseline parameters potentially useful and helpful

in clinical decision.

Keywords: azathioprine; treatment failure; clinical prediction rule



Introduction

In most newly diagnosed pediatric patients with Crohn’s disease (CD), during or shortly after
remission induction, a choice of maintenance therapy is required [1]. Currently, this selection
is mostly based on experts’ opinions [2]. The most recent data [3] suggest that the best choice
might be to start treatment with anti-tumor necrosis factor-a (ATNF) drugs in pediatric patients
with moderate-to-severe CD. Nevertheless, this top-down approach has its limitations, such as
costs and limited duration of action of aTNF [4, 5], making it challenging to apply in daily
practice. Moreover, there are patients who do not require aTNF on disease onset and for whom
thiopurines are a good option to maintain remission. However, there are yet no available criteria

to define this subgroup of patients.

This study primarily aimed to identify baseline predictors of azathioprine/6-mercaptopurine
(AZA/6-MP) treatment failure and to develop a predictive model that allows the identification
of patients who are unlikely to benefit from long-term AZA/6-MP treatment and who require
an intensive therapeutic approach from the time of diagnosis. The secondary goal was to assess
the time to relapse on AZA/6-MP treatment. As an ancillary analysis, we intended to briefly
describe the side effects associated with this treatment using a suitable subgroup of patients

primarily eligible for this study.



Materials and Methods

The study was designed as a multicenter retrospective analysis of prospectively collected data
in the inflammatory bowel disease (IBD) incidence registry EUROKIDS [6] to develop a
clinical prediction rule. The TRIPOD guidelines for the development of clinical prediction rules
(https://www.tripod-statement.org/wp-content/uploads/2020/01/Tripod-Checlist-Prediction-

Model-Development.pdf) were used to complete the analysis.

Participants
This multicenter study was conducted in cooperation with European centers specialized in the
management and treatment of pediatric patients diagnosed with IBD. Finally, data from 13

centers were included in the analysis.

Based on the inclusion criteria, 1190 newly diagnosed patients with CD were selected from
2241 IBD patients included in the EUROKIDS registry [6] until 2017. They were screened in
each center separately and enrolled in this study. The inclusion criteria were as follows:
diagnosis of CD up to 18 years of age based on the Porto criteria or revised Porto criteria [7],
available data from the EUROKIDS registry, the need for an induction regimen by exclusive
enteral nutrition (EEN) or corticosteroids (CS) at the time of diagnosis (including patients who
needed a switch between EEN and CS during the induction phase), initiation of AZA or 6-MP
treatment within 3 weeks from the time of diagnosis, complete cessation of induction treatment
within 12 weeks from diagnosis and subsequent AZA/6-MP therapy at full maintenance dose
(empirically or based on thiopurine methyltransferase [TPMT] status), and remission achieved
at week 12 and at least 12 months of follow-up since diagnosis. Concomitant 5-

aminosalycylates therapy was allowed. Patients who used a top-down strategy (e.g. induction



treatment by aTNF), with active perianal disease, intra-abdominal abscess or fistula, and with
missing data on outcome were excluded.

Reported side effects that required AZA/6-MP treatment discontinuation were also considered
an exclusion criterion, and patients with such side effects were not included in the primary

analysis.

To estimate the frequency of side effects, we used a subgroup of 596 eligible patients in whom
side effects of AZA/6-MP could be assessed. The patients were selected from the entire dataset
of 1190 pediatric patients diagnosed with CD. All patients included in the primary analysis
(n=441) and all patients who were excluded from the primary analysis and for whom

information on possible side effects was available were included in the analysis (n=155).

Multicentric data collection

The main part of the data was obtained from the international prospective incidence registry
EUROKIDS, the largest European pediatric IBD database that contains detailed data on disease
phenotype and patients themselves at the time of diagnosis, date of diagnosis, center, age,
gender, nationality, ethnicity, body weight, body height, body mass index (BMI), endoscopic
and histological findings, findings on magnetic resonance enterography (MRE) or other
imaging methods, extraintestinal manifestations, other CD complications, and any concomitant
disease. Some of the variables (age at diagnosis, BMI Z-score) were calculated as both
numerical values and factors using calculated cutoffs. To detect changes in therapeutic
processes in pediatric CD over time, the years of diagnosis were also classified into the

following time periods: 2004—2008, 2009-2011, 2012-2014, and 2015-2017.
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Additional parameters that seemed clinically important and were readily accessible but were
not recorded in the EUROKIDS registry were collected retrospectively. The selection was
partly based on previously published data [8—11] — serum levels of albumin, hemoglobin, C-
reactive protein (CRP), blood counts of leukocytes and platelets, fecal calprotectin, TPMT
status (if available), and anti-Saccharomyces cerevisiae antibodies (ASCA) IgA and IgG levels
— all at the time of diagnosis, final maintenance dose of AZA/6-MP (milligram per kilo [mg/kg])
between the 10th and 14th week, and date of endpoint, along with the reason for treatment
change (relapse, complication, drug side effect, type of side effect), or the date of maximum

follow-up in cases where the endpoint did not occur.

Potential predictors

We selected the following factors registered in the EUROKIDS registry: BMI Z-score and
factorized BMI Z-score at diagnosis, height Z-score at diagnosis, age at the time of diagnosis,
years of diagnosis (categorized as 2004-2008, 2009-2011, 2012-2014, and 2015-2017),
gender, ethnicity, family history of IBD, extraintestinal manifestation at the time of diagnosis,
location of CD at diagnosis, any concomitant disease at diagnosis, findings on small bowel
through MRI, abdominal computer tomography (CT), abdominal ultrasound, and capsule
endoscopy examinations at diagnosis, to be tested on potential predictive value in the context
of early AZA/6-MP treatment failure. These were complemented by nine factors (listed above)

obtained via multicentric retrospective data collection.

Definition of remission, relapse, and side effect (clinical evaluation of patients)
The primary outcome of this study was the identification of predictors of AZA/6-MP treatment
failure in pediatric patients with CD and creation of a predictive model enabling the

differentiation of these patients at the time of diagnosis. For this purpose, the time to relapse,
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defined as the need for reinduction of remission (initiation of antibiotics, EEN, special diets,
CS, aTNF, other biologicals [e.g., vedolizumab, ustekinumab], thalidomide or surgery
[resection or stoma]) or development of CD-related complications (abscess, fistula, clinically
significant stricture) or death, was monitored. Assessment of remission was based on the
decision of the treating physician, considering the clinical condition and laboratory parameters.

The minimum follow-up period without reaching the endpoint was 12 months.

The side effects were assessed by the treating physician and categorized as nausea/vomiting,

acute pancreatitis, allergic reactions, liver test abnormalities, and bone marrow suppression.

Statistical analysis

The univariate risk analysis presents grouped empirical hazard estimates. Hazard differences
between groups were tested using the log-rank test. In the multivariate analysis, a sequence of
Cox models was fitted to predict the risk of relapse across the centers. All models were adjusted
for the center. Variables appearing significant on univariate risk analyses were added to the
model one by one, interactions among them were tested, and terms that were nonsignificant by
partial likelihood ratio tests were dropped. The final model was fitted to 380 patients with

complete data, of whom 252 had a relapse observed and the rest were censored.

Ethical considerations

The study was approved by the ethics committee of the authors’ institution (EK-1491/16). If
applicable, local ethics committee approval was obtained from the participating centers based
on local requirements. The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki, as reflected in a priori approval by the institution’s human research

committee.
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Results

Patient characteristics

Among 1190 patients, 441 (251 males [56.9%], median age at diagnosis 13.67 [Inter quartile
range (IQR) 11.33—-15.25] years) fulfilled the inclusion criteria and did not meet the exclusion
criteria. The eligibility of patients is shown in Figure 1. Patients’ demographic and clinical
characteristics according to the Paris classification are listed in Table 1. Median time of follow-

up was 1.47 (IQR 0.76-3.39) years.

Time to relapse on AZA/6-MP treatment
The median time to clinical relapse was 2.11 (95% confidence interval [CI] 1.59-2.46) years.

Remission was observed in 50.3% of patients after 2 years of AZA/6MP treatment (Figure 2).

Univariate risk assessment

Of all tested parameters available at the time of diagnosis (Appendix Figure S1), only the
following were found significantly associated with early relapse on AZA/6-MP treatment when
tested separately: CRP (p=0.0480), Z-score of BMI (p=0.0079) and BMI Z-score >0.8 SD
(p=0.0039), Z-score of weight (p=0.043), age at the time of diagnosis (p=0.0052) and at the
time of onset of symptoms (p=0.034), year of diagnosis classified into four categories (2004—
2008, 2009-2011, 2012-2014, and 2015-2017) (p=0.005), abnormal cecum imaging findings
(p=0.044), abnormal esophageal endoscopy findings (p=0.0473), availability of determination
of AZA/6-MP metabolites (p=0.0005), TPMT genotyping accessibility (p=0.013), and center

(p=0.0005).

In particular, the AZA/6-MP dose did not show any significant effect on relapse in the

univariate analysis. The median dose administered was 2.04 mg/kg (IQR 1.77-2.27). Within
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AZA dose effect assessment, we were not able to reflect AZA levels, as this information is not
available in most centers. Due to the low number of patients with TPMT status tested, it was

not possible to analyze whether there was any effect of lower dosing based on genotype.

Multivariate risk assessment

The results are presented in two parts (Table 2a and b). The first part shows the main effects of
noninteracting factors: CRP at diagnosis (Hazard ratio [HR]=1.396, 95%CI 1.019-1.912,
p=0.038), BMI Z-score >0.8 SD at diagnosis (HR=0.533, 95%CI 0.360-0.789, p=0.002),
abnormal sigmoid imaging findings at diagnosis (HR=1.503, 95%CI 1.021-2.212, p=0.039),
abnormal esophageal endoscopy findings at diagnosis (HR=1.712, 95%CI 1.176-2.490,
p=0.0050), and L3 classification at diagnosis (HR=1.396, 95%CI 1.048—1.860, p=0.023) (Table
2a). The second part presents the interactions between AZA and age (p=0.031). A significant
protective effect was observed in the age group of 8—11 years (HR=0.441, 95%CI 0.223-0.870,
p=0.0183), with the relapse rate reduced by half per each mg/kg increase in AZA dose (Table

2b). See the appendix for more detailed results.

Based on the aforementioned, a web-based tool that allows the use of this prediction model in

clinical practice was developed: https://gastroped.shinyapps.io/AZA_time to_relapse/.

Using the final predictive model, we were able to identify two subgroups of patients who had
either particularly low or particularly high risk of relapse. They were compared with
hypothetically “intermediate-risk” patients. Based on the coefficients of the final model, the
low-risk group was defined as follows: age at diagnosis 0—7 years with AZA dose <2 mg/kg or
age 8—11 years with AZA dose >2 mg/kg or age 15—18 years with AZA dose >2 mg/kg, BMI

Z-score >0.8 SD, no abnormal sigmoid imaging findings, and no abnormal endoscopic findings
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in the esophagus. In contrast, the high-risk group was defined as follows: age at diagnosis 12—
14 years regardless of AZA dose or age 8—11 years with AZA dose <2 mg/kg, BMI Z-score
<0.8, abnormal sigmoid radiology findings, or abnormal endoscopic findings in the esophagus.

A comparison between the low-risk and high-risk groups is shown in Figure 3.

Side effects

Although this study was not primarily aimed at identifying the side effects of AZA/6-MP, using
a group of patients for whom this information was available, we performed an ancillary analysis
of this objective. Among all patients with data on the side effects of AZA/6-MP treatment
available (n=596), the most common side effect was bone marrow suppression (n=31, 5.7%).
Acute pancreatitis (n=14, 2.6%), liver test abnormalities (n=15, 2.8%), nausea/vomiting (n=12,
2.2%), and allergic reactions (n=1, 0.2%) were also recorded. The proportion of all patients
treated with AZA/6-MP and all side eftects observed in these patients is displayed in Figure 4.
AZA/6-MP treatment had to be terminated due to side effects in eight patients (1.34%); five
with bone marrow suppression, one with liver test abnormality, one with acute pancreatitis, one
with lymphoma. In addition, one lymphoma developed after an outcome with a questionable
relationship to the therapy, and one rhabdomyosarcoma was recorded in patients who did not
stop AZA therapy before reaching the endpoint. No death was reported. Due to the small
number of patients who ceased therapy because of developing side effects, it was not possible

to predict these particular cases.
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Discussion

We identified six independent predictors (BMI Z-score, age, disease localization and CRP)
available at diagnosis of early AZA/6-MP treatment failure in patients who achieved remission
on EEN or CS and were concomitantly treated with AZA/6-MP. Using these data from an
international multicentric registry, we developed a model for individual prediction of time to
relapse in pediatric patients with CD. Although none of the predictors was strong enough to be
used as a clinical tool, the model based on a combination of multiple variables could be
clinically useful. At the moment, we should confess that prospective validation on external

cohort is needed before the full introduction of the model to clinical practice.

To the best of our knowledge, we have described the largest group of pediatric patients with
CD treated with AZA/6-MP. Relapse was observed in 49.7% of patients within 2 years of
AZA/6-MP treatment. This number is not as optimistic as the result published in the only
randomized controlled trial in pediatric patients with IBD, where over 90% of patients treated
with 6-MP retained remission after 2 years [12]. However, it is almost equal to the findings of
recent retrospective studies, which showed an almost 50% failure rate of AZA/6-MP treatment
within this time period [8, 9]. We assume that dissimilarities in these findings may be partially
caused by a common occurrence where, in general, the results of clinical studies do not achieve
such success as a randomized controlled trial. The position of thiopurines in the treatment
algorithm for pediatric patients with CD, respectively IBD was also confirmed in a recent
prospective study [13]. In this study, thiopurines were safe and effective in 21% of patients with
CD and 27% of those with ulcerative colitis. The outcome was defined as CS- and EEN-free
remission without treatment escalation for 12 months. However, a subgroup of patients who

may benefit from this treatment should be defined.
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Many reasons pointing to the importance of choosing an appropriate therapeutic approach for
pediatric patients with CD can be identified. The long-term prognosis of CD is significantly
influenced by the progression of inflammation or development of complications [14]. Early
initiation of an intensive therapeutic regimen, including administration of aTNF drugs, could
prevent the progression of inflammation and development of complications if applied correctly
[15, 16]. Moreover, the use of monotherapy with aTNF exposes patients to a lower risk of side
effects than AZA treatment [17, 18]. Conversely, economic constraints and limited duration of
action of the biological treatment [4, 5] along with an increased risk of opportunistic infections
and frequent need for combination therapy with immunomodulators [19-22], are the principal
disadvantages of aTNF therapy. This emphasizes the need for careful selection of patients

suitable for AZA treatment or early initiation of aTNF.

Predictive factors are essential for this selection. The choice of outcome plays a very important
role in the search for these predictors. For our purpose, to prevent early failure of the chosen
treatment, the first relapse of the disease seems the most appropriate. Many studies describing
variables predictive of general outcomes (irrespective of maintenance treatment type) in
pediatric patients with CD have been published. They differ in many aspects, such as the
definition of the outcome, study population, and examined variables. Kugathasan et al. [23]
supported the importance of risk stratification in pediatric patients with CD using a large
prospective inception cohort of newly diagnosed children with CD. In a competing-risk model
based on clinical and serological variables, only CBirl seropositivity was significantly
associated with stricturing disease behavior and an older age, African-American race, and
ASCA IgA and CBirl seropositivity with penetrating behavior of the disease. Older age and
low baseline CRP predicted increased the probability of normal CRP remission (CRP

<0.5 mg/dL) at week 12 in a prospective study by Levine et al. [24]. The only predictor for CS-
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free remission (defined by Pediatric Crohn’s disease activity index [PCDAI] <10 points or <7.5
without the height component) was older age at baseline. Steroid-free remission by itself at
week 12 was a predictive factor for remission at week 52. However, all therapeutic regimens
(including biological treatment) were allowed in this study. Siegel et al. [25] found that older
age at diagnosis, female gender, small bowel location, and perianal fistulizing disease were
predictive of a complicated disease course. Older age, female gender, leukocytosis in blood
count, elevated serum levels of CRP, hypoalbuminemia, fistulizing and stricturing disease
behavior, and growth retardation have been proven to be significantly predictive of the need for
surgery in two retrospective studies [26, 27]. None of these studies was designed to assess the

response to a specific therapeutic approach in patients with CD.

Although we can use general predictors, predictors of early relapse in relation to a specific
therapeutic approach are crucial. We identified only a few studies that focused on predictive
factors in thiopurine monotherapy. In contrast to our study, Riello et al. [8] did not identify any
predictive factor in the context of early relapse defined as PCDAI >10 with no CS, need for
reinduction, or change of immunomodulator. Age, gender, location and behavior of disease,
perianal fistulizing disease, and extraintestinal manifestation at baseline were assessed in this
retrospective study. Similar to our study, a small retrospective study primarily focusing on
induction treatment modality [9] found that age <16 years and involvement of the upper
gastrointestinal tract at diagnosis were predictive of early relapse, defined as an increase in
disease activity with the need for additional reinduction therapy (CS, EEN, aTNF therapy, or
surgery), in patients originally indicated for long-term immunosuppressive treatment of
AZA/6-MP. We were not able to confirm other predictors identified in this study (elevated
platelet count at remission and lower height Z-score at diagnosis). A simple endoscopic score

for CD >16 points at the time of diagnosis was revealed as an independent risk factor for the
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development of complications in a retrospective study primarily interested in the predictive
value of the histopathological scoring system [28]. None of these studies described a separate
predictor strong enough to be applicable in routine clinical practice. A combination of these

factors may be needed for the development of clinically useful predictive tools.

A validated web-based tool displaying an individualized predicted outcome for adult patients
with CD has already been developed [29]. The final multivariate model in this study included
disease location (small bowel, left colonic disease, perianal disease), serologic markers (ASCA,
CBirl, Anti Neutrophil Cytoplasm Autoantibodies [ANCA]), the NOD2 frameshift mutation,
and an interaction between perianal fistulizing disease and ASCA. Different outcomes (time
from diagnosis to first CD-related complication regardless of therapeutic approach) and
different study populations (e.g., inclusion of patients with perianal fistulizing disease, who
were excluded from our dataset) have to be taken into account when considering that none of
the described variables, within those included in our work as well, was found significant in our
study. Waljee et al. [30] focused on the prediction of remission, defined as the absence of
objective evidence of intestinal inflammation and clinical outcomes in patients on thiopurines.
A machine-learning algorithm was created for this purpose. The five most important variables
reported in this study were hemoglobin, lymphocytes, hematocrit, neutrophils, and platelets.
However, it is also difficult to compare the results from this retrospective study due to different
outcomes and study populations [30]. These predictive models, which do not consider a
treatment approach, have certain limitations for pediatric patients, especially because they are

designed for adult patients.

Even though we were not able to find a universal AZA/6-MP dose effect on relapse, the test for

interaction between AZA dose and age was significant. [t suggests that AZA may act differently
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in different age groups. Small retrospective study [9] found age below 16 years predictive for
early relapse in patients treated with AZA/6-MP initially. On the contrary, Riello et al. [8] did
not find any predictors at baseline, including age at the time of initiation of AZA/6-MP, as
factors influencing the response to AZA/6-MP treatment. In this study mean age in the relapse
(11.6) and the non-relapse (12.1) group were comparable (p=0.17). Nguyen et al. 2013 [31]
also showed that age does not predict efficacy of AZA treatment in pediatric CD patients
(median age 13.8 (10.4-15.8) years). These results correspond to our findings that AZA/6-MP
dose probably plays an important role especially in specific age group 8 — 11 years (a non-linear
association due to interaction). Since we do not have any evidence explaining why the dose of
AZA had an important effect in this age group, we can only speculate about slightly different
pharmacokinetics of the drug in younger age groups or adolescents' compliance to the treatment

as possible explanations of this occurrence.

Although this study, performed on the largest pediatric cohort, identified useful predictors of
AZA/6-MP treatment outcome, it still has some limitations. Validation on an external cohort
was not performed and should be done before the full implementation of this model in clinical
practice. On the other hand, considering that there are almost no data available, the newly
identified predictors of AZA/6-MP effect duration might a useful lead to the clinicians in
management of pediatric patients with CD from now on. For the development of the prediction
tool, we intended to use as accurate data as possible. Although some data were collected
retrospectively, most variables were extracted from a large prospectively recorded Europe-wide
database. However, there are many factors that may influence the outcome but cannot be
forecasted within our study, such as the effect of diet [32, 33], smoking [34] or other personal
habits. Therefore, it is difficult to predict the response to a particular treatment based on the

information available at the time of diagnosis. Because relapse was defined as the necessity of
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reinduction of remission, different approaches to the management and care of patients with IBD
in the participating centers should be considered one of the main limitations of our study.

Conversely, collaboration with other centers was the only way to realize this kind of study.

Although this was not the primary aim of the study, we aimed to estimate the number of side
effects associated with AZA/6-MP treatment in pediatric patients with CD. However, because
of the characteristics of the collected data, it is difficult to consider these numbers as relevant

frequencies, as they are collected from a selected population.
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Conclusion

In conclusion, we identified BMI Z-score, age, disease localization (abnormal sigmoid imaging
findings, abnormal esophageal endoscopy findings and L3 classification) and CRP at the time
of diagnosis as independent predictive factors for early AZA/6-MP treatment failure in pediatric
patients with CD. The patient’s age at diagnosis in interaction with the AZA dose may be a risk
or protective factor for early relapse. However, none of these factors alone is strong enough to
be used in clinical practice, therefore, using a combination of these factors, a model that is
applicable to clinical practice, and thus allows better selection of patients suitable for AZA/6-
MP treatment, was created. Given that 50% of patients were in clinical remission after 2 years
of AZA/6-MP treatment initiation, thiopurines can still be considered a suitable treatment
option for pediatric patients with CD, especially for those selected based on the newly

developed web-based application.
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Figure legends
Figure 1. Selection of patients based on inclusion and exclusion criteria.

PIBD: pediatric inflammatory bowel disease, CD: Crohn’s disease, AZA: azathioprine

Figure 2. Time to relapse in pediatric patients with Crohn’s disease on azathioprine/6-

mercaptopurine treatment.

Figure 3. Comparison of risk groups.

Blue: low-risk group (HR=1), median time to relapse 4.98 years, relapse-free probability at 2
years 0.738. Green: intermediate-risk group (HR=2.59), median time to relapse 1.63 years,
relapse-free probability at 2 years 0.455. Red: high-risk group (HR=6.54), median time to
relapse 0.70 years, relapse-free probability at 2 years 0.137.

Note: These results focus on clinical characteristics and do not consider between-center
differences in the risk of relapse. They are all calculated for a patient located in the largest
center in terms of participating patients, with medium risk among all centers)

HR: Hazard ratio

Figure 4. Side effects associated to azathioprine/6-mercaptopurine treatment.
The category “other” includes lymphoma, infection, alopecia, headache, tiredness, and skin

manifestation (exanthema, pruritus, and warts)



29

Table 1. Patient’s demographic and clinical characteristics according to Paris classification

CD
Number of patients 441
Sex, male, (%) 251 (56.9)

Age at diagnosis, years, median (IQR)

13.67 (11.33 — 15.25)

Ethnicity, white European, (%) 406 (92.1)
L1, (%)* 68 (17.8)
L2, (%)* 42 (11.0)
L3, (%)* 273 (71.3)
Lda, (%) 85 (36.6)
L4b, (%) 43 (18.5)
L4ab, (%)* 21 (9.1)
B1, (%)* 372 (85.7)
B2, (%)* 62 (14.3)
B3, (%)" 0 (0.0)
B2B3, (%)* 0 (0.0)

p, (%) 0 (0.0)
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*L classification was missing in 58 (13.2%) patients, the values are based on 383 patients

with complete data

# L4 classification was missing in 209 (52.6%) patients, the values are based on 232 patients

with complete data

"B classification was missing in 7 (1.6%) patients, the values are based on 434 patients with

complete data



Table 2. Parameters of final predictive model

Table 2 a. Main effects of non-interacting factors

31

HR 95% CI for HR p-value
Center NA NA 0.0003
CRP (per 100 mg/L) 1.396 1.019 - 1.912 0.0377
BMI Z-score > 0.8 0.533 0.360 - 0.789 0.0016
L3! classification 1.396 1.048 - 1.860 0.0226
Abnormal sigmoid radiology 1.503 1.021 -2.212 0.0388
Abnormal esophagus endoscopy 1.712 1.176 - 2.490 0.0050

Table 2 b. Estimated AZA effects on relapse in different age groups

HR 95% CI for HR  p-value
Effect of 1 unit of AZA dose in age group 0-7 years 1.667 0.593 - 4.680 0.3323
Effect of 1 unit of AZA dose in age group 8-11 years 0.441 0.223-0.870 0.0183
Effect of 1 unit of AZA dose in age group 12-14 years  1.285 0.795-2.078 0.3065
Effect of 1 unit of AZA dose in age group 15-18 years  0.722 0.387 - 1.347 0.3056

Tleocolonic involvement

HR: hazard ratio, CI: confidence interval, CRP: C-reactive protein, BMI: body mass index,

AZA: azathioprine



Figure 1. Selection of patients based on inclusion and exclusion criteria.
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Figure 2. Time to relapse in pediatric patients with Crohn’s disease on azathioprine/6-

mercaptopurine treatment.
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Figure 4. Side effects associated to azathioprine/6-mercaptopurine treatment.
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Abstract
Exclusive enteral nutrition (EEN) has been recommended as the first-line therapy in children with active Crohn disease (CD). The
primary aim of our study was to determine whether it is possible to use the difference between basal fecal calprotectin (F-CPT) and the
value at week 2 of EEN to predict clinical response at week 6. We prospectively collected stool samples for F-CPT analysis and clinical
and laboratory parameters during EEN from 38 pediatric patients (28 boys, median age 12.8 years) with newly diagnosed active
luminal CD. The difference between F-CPT concentrations before EEN and at week 2 did not predict clinical non-response at week 6
(OR 0.9996 95% CI 0.9989—-1.0002, p = 0.18); however, it predicted patients who did not achieve clinical remission at week 6 (OR
0.9993, 95% CI 00.9985-0.9998, p = 0.006) with sensitivity of 58%, and specificity of 92% for cut-off of F-CPT increase by 486 pig/g.
Conclusions: An early decrease in F-CPT levels in children with newly diagnosed active luminal CD did not predict clinical
response at week 6 of EEN induction therapy, and clinical remission was predicted with low accuracy. Therefore, F-CPT cannot
be used as a predictor to select the patients in whom EEN should be terminated.

What is Known:
e The fecal calprotectin (F-CPT) is an important marker of intestinal inflammation.

* Approximately 25% of pediatric patients with Crohn disease (CD) do not achieve clinical remission, and there is still no sufficient predictor of response
to exclusive enteral nutrition (EEN) treatment.

What is New:

o The difference between the F-CPT concentrations before EEN treatment and at week 2 did not predict clinical response to treatment at week 6, even if it
predicted clinical remission, however, with low accuracy. F-CPT is not a suitable predictor to select the patients for discontinuing of EEN induction therapy.
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Communicated by Peter de Winter

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00431-018-3228-5) contains supplementary
material, which is available to authorized users.

D= Copova Ivana Lerchova Tereza
ivana.copova@fnmotol.cz terezadrskova@ gmail.com
Hradsky Ondre;j Nevoral Jiri
ondrej.hradsky @lfmotol.cuni.cz jiri.nevoral @seznam.cz
Zarubova Kristyna ..
zarubova.kristyna@gmail.com Bronsky Jiri

jiri.bronsky @gmail.com
Gonsorcikova Lucie

gonsorcikova@email.cz 1 s L .
Department of Pediatrics, University Hospital Motol and Second

Potuznikova Kristyna Faculty of Medicine, Charles University in Prague, V Uvalu 84, 150
potuznikovakristyna @seznam.cz 06 Prague 5, Czech Republic

Published online: 20 August 2018 a Springer



Eur J Pediatr

Abbreviations

AUC Area under the curve

AZA Azathioprine

CD Crohn disease

Cl Confidence interval

CRP C-reactive protein

ECCO European Crohn and Colitis Organization
EEN Exclusive enteral nutrition

ELIA Fluorescence immunoassay

ESR Erythrocyte sedimentation rate
F-CPT Fecal calprotectin

IOR Interquartile ranges

OR Odds ratio

ROC Receiver operating characteristic

wPCDAI  Weighted Pediatric Crohn Disease Activity Index

Introduction

Crohn disease (CD) is a chronic inflammatory condition char-
acterized by a relapsing and remitting course. Exclusive en-
teral nutrition (EEN) has been shown to be as effective as
corticosteroids [17], without the side effects, in achieving clin-
ical remission, and superior in achieving mucosal healing in
pediatric patients with luminal CD [14]. In addition, EEN
promotes optimal nutritional supply to improve malnutrition,
linear growth, muscle mass, and bone strength [2]. Based on
its multiple benefits, the European guidelines recommend
EEN as the first-line therapy in children with active CD
[31]. However, approximately 25% of patients do not achieve
clinical remission after an EEN course, and the European
Crohn and Colitis Organization (ECCO) suggested that an
alternative treatment should be considered if EEN does not
induce clinical response within 2 weeks [24]. There is still
no sufficient predictor of the successful induction of remission
in children with CD who are treated with EEN [7, 10].

Over the past few years, fecal calprotectin (F-CPT) has
been gaining recognition as an important marker of intestinal
inflammation, and data pertaining to its usefulness in moni-
toring disease activity is becoming evident [13, 15, 20]. The F-
CPT value correlates closely with clinical, endoscopic, and
most tightly with histological findings in adult and pediatric
CD patients, as well as with disease severity and extent [5, 9,
18, 19, 26].

As described above, EEN has many benefits for patients,
but the question is how to identify patients in whom the con-
tinuation of EEN will probably be ineffective and another
induction treatment should be used instead. We hypothesize
that early change in F-CPT levels could be used to select the
patients in whom continuing in EEN treatment will probably
be ineffective. Therefore, the primary aim of our study was to
determine whether it is possible to use the difference in the F-
CPT value before treatment and in the early phase of treatment
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with EEN (F-CPTAO2) to predict the clinical non-response at
week 6, as defined by the weighted Pediatric Crohn Disease
Activity Index (WPCDAI). The secondary aim was to identify
whether F-CPTAO02 can be used to predict patients who did
not achieve clinical remission (as defined by the wPCDAL, F-
CPT, or C-reactive protein (CRP)).

Methods
Participants

The study was designed as a prospective-observational study.
Between 2015 and 2017, we screened all the pediatric patients
with CD followed at our tertiary referral center for eligibility
(Fig. 1) to be included in this study. Patients were diagnosed
according to the revised Porto criteria [23]. In addition, they
had to have a clinically active disease (WPCDAI > 12.5).
Enrolled children had to receive EEN for the first time and
had a follow-up of at least 6 weeks. Patients could choose a
single or combinations of any polymeric enteral formula(s)
available at our department (“Fresubin”, Fresenius;
“Nutridrink”, Nutricia; “Ensure”, Abbott; “Modulen”,
Nestl¢é) according to their preferences. Individuals who could
not complete feeds orally were fed via a nasogastric tube. The
goal intake for the EEN treatment corresponded to approxi-
mately 120% of the daily caloric needs of the patient. The
resting energy expenditure was calculated according to the
Schofield equation [16] using a web application. All the pa-
tients had to be treated with azathioprine (AZA) concomitant-
ly (AZA therapy was initiated along with EEN and continued
after EEN withdrawal) [24]. Patients with a history of system-
ic or local steroid treatment 3 months before the initiation of
EEN, and those with a history of receiving anti-TNF-« thera-
py or having active perianal disease were not included. A
responder was defined as a patient with a wPCDAI lower than
or equal to 12.5, or a decrease in the wPCDAI by more than
17.5 points at week 6. Remission was defined as wPCDAI <
12.5 points at week 6, as previously published [30]. The re-
mission by CRP (CRP remission) was defined as CRP < 5 mg/
kg, and the remission by F-CPT (F-CPT remission) was de-
fined as F-CPT < 150 mg/g [21, 29]. As predictors we used
the difference between the baseline level of F-CPT and week 2
(F-CPTAO02) and percentage change of the F-CPT until week
2 (F-CPT%02). The patients’ demographic and clinical char-
acteristics are listed in Table 1.

Detection of F-CPT concentrations

F-CPT was analyzed using fluorescence immunoassay (ELIA)
in three consecutive stool samples collected at the time of
diagnosis (samples were taken before the start of bowel prep-
aration for colonoscopy) and during treatment with EEN (at
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Patients with newly diagnosed CD

(N=54)

Inclusion criteria not met
- Anti-TNF therapy or CS as primary treatment (N=2)
- Perianal disease (N=3)

- wPCDAI<or=12.5 (N=1)

Met inclusion criteria

(n=48)

Excluded
- Non-compliance (N=6)
- Intolerance of EEN (n=2)

- Indication to anti-TNF therapy during first 6 weeks (N=2)

Patients included in the study

(n=38)

Fig. 1 Participants’ selection. Fifty-four pediatric patients, newly
diagnosed with Crohn disease (CD), underwent exclusive enteral
nutrition (EEN) treatment at our center. In the case of 48 patients,
signed consent forms were obtained and EEN treatment was started.

weeks 0, 2, and 6). Stool samples were collected in screw-
capped plastic containers and immediately prepared and ana-
lyzed using the EliA Calprotectin 2 test (Thermo Fisher
Scientific, Phadia AB, Uppsala, Sweden) according to the
manufacturer’s instructions. Based on the manufacturer’s da-
ta, the measuring assay with results above 6000 pg of
calprotectin per gram of stool (pg/g) was less exact.

Data collection

We prospectively collected F-CPT samples at the time of di-
agnosis, at week 2 and at week 6 of EEN treatment and clin-
ical, anthropometric, and laboratory data at the time of diag-
nosis and at week 6 of EEN treatment.

Statistical analysis

All data analysis was performed using the R statistical soft-
ware (version 3.3.2). Continuous variables were described as
medians and interquartile ranges (IQR). Categorical variables
were described as absolute frequencies and percentages.
Changes in the clinical and systemic markers of disease activ-
ity during EEN were assessed with a paired ¢ test. To test the
association between two numerical variables, a correlation test
was used. Differences between the groups of patients were
tested using the Welch two sample 7 test. Linear regression
and a generalized logistic regression model were used to de-
termine the association between numeric outcomes and

Eligible children received EEN treatment for the first time and had a
follow-up of at least 6 weeks. During the follow-up, we excluded
another ten cases

numeric predictors and binary outcome numeric or categorical
variables, respectively. We used receiver operating character-
istic (ROC) curves to define the optimal cut-off values of the
inflammatory markers (R package “pROC”). For plot con-
struction, we used R’s ggplot2. A p value less than 0.05 was
considered statistically significant.

Results
Patients’ characteristics

Fifty-four pediatric patients, newly diagnosed with CD,
underwent EEN treatment at our center during the study peri-
od. Signed consent forms were obtained from 48 patients and
these were enrolled in the study. During the study, we exclud-
ed another ten children due to non-compliance (stool samples
were not provided) of patient or family (n = 6), intolerance of
EEN (also via nasogastric tube) (n =2) and need for initiation
of anti-TNF-« therapy for the development of perianal disease
(n=2). Finally, we included 38 pediatric patients (28 boys,
median age 12.8 years (IQR 9.7-15.5)) from whom three con-
secutive stool samples were prospectively collected and tested
for F-CPT concentrations at the time of diagnosis and during
EEN treatment (at weeks 0, 2, and 6) (Fig. 1). All the patients
completed at least 6 weeks of EEN treatment, and all but one
child tolerated EEN orally. This child was fed via a nasogastric
tube, introduced on the second day of therapy.
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Table 1 Characteristics of patients according to the Paris classification
and laboratory parameters at the time of diagnosis

Patients with Crohn disease

Number of patients
Gender, female, (%)

Age at diagnosis, years, (median [IQR])

Disease location
L1, (%)
L2, (%)
L3, (%)
Upper GI involvement, (%)*
Disease behaviour
BI, (%)
B2, (%)
B3, (%)
p, (%)°
Growth retardation, (%)

F-CPT [ug/g], (median [IQR])®

CRP [mg/I], (median [IQR])
ESR [mm/h], (median [IQR])®
wPCDAL, (median [IQR])f

38
10 (26)
12.8 (9.7-15.5)

17 (45)
13

20 (53)
25 (66)

30 (79)
8(21)

0(0)

1(3)

2

1096 [559, 3814]
20.50 [8.00, 34.50]
31.00 [19.25, 40.00]
41.00 [28.25, 49.50]

WPCDAI > 12.5, (%)2 38 (100)

#Upper gastrointestinal (GI) involvement corresponded to L4a, L4b or
L4ab

® p = perianal disease (the Paris classification)

“F-CPT = fecal calprotectin

9 CRP = C-reactive protein

¢ ESR = erythrocyte sedimentation rate

fWPCDAI = weighted Pediatric Crohn Disease Activity Index
€ Active disease based on the wPCDALI

Development of the wPCDAI, systemic inflammatory
markers, and F-CPT levels during EEN treatment

At the beginning of the treatment, 19 (50%) patients had mild
disease (WPCDAI > 12.5<42.5), 13 (34%) had moderate dis-
ease (WPCDAI>42.5 <57.5), and 6 (16%) had severe disease
(WPCDAI>57.5) (median wPCDAI41.0 (IQR: 28.25, 49.5)).
At week 6, based on the wPCDALI, 87% responded (assigned
as responders), 68% of the patients achieved clinical remis-
sion, and the median wPCDALI decreased to 7.0 (IQR 0.0—
17.0), Fig. 2a. The development of the laboratory parameters
is shown in Fig. 2 b, c.

The basal F-CPT levels in all the patients (100%) were
elevated above 150 pg/g (median 1096 pg/g, IQR: 559.2—
3814.2) at the time of diagnosis. Until week 2, there was no
significant improvement in the F-CPT concentrations, and the
median F-CPT dropped to 1055 pg/g (IQR: 535-2003). In
addition, in 16 children (42%) the F-CPT levels increased.
From the start of treatment to week 6 of EEN treatment, the
median F-CPT concentrations decreased by 510 ug/g (IQR:
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115-1545) (p = 0.004). In only four patients, F-CPT levels <
150 ng/g at week 6 of EEN treatment were achieved, and
during the course of the treatment, we found interindividual
changes in the F-CPT concentrations, which varied consider-
ably. In summary, while four children (11%) had F-CPT <
150 pg/g, and seven (18%) had concentrations > 150/<
300 pg/g, most of the participants (n =27, 71%) continued
to have high levels, above 300 pg/g, after 6 weeks of treat-
ment (Fig. 2d). The correlation between the change in F-CPT
levels from the time of EEN initiation until weeks 2 and 6 was
significant (»=0,71) (p <0.001).

Prediction of patients who did not respond to EEN
treatment

The F-CPTAO02 did not predict patients who did not respond
to EEN at week 6 (OR 0.9996013, 95% CI 0.9988623—
1.000162, p=0.18), even after adjusting for logarithms of
base-line F-CPT (OR 0.9991118, 95% CI 0.9979461—
1.000076, p=0.073). We did not find an association between
F-CPT%02 (OR 1.021935, 95% CI 0.7072691-1.23026, p =
0.85) and clinical non-response to EEN treatment at week 6
(Table 2).

Prediction of patients who did not achieve clinical
remission

The F-CPTAO02 predicted patients who did not achieve clini-
cal remission at week 6 (OR 0.9993066, 95% CI 0.9985436—
0.9998284, p = 0.006). The non-remission was best predicted
using the increase of F-CPT by 486 pg/g; this had a sensitivity
of 58% and specificity of 92% (AUC 0.753) (Fig. 3a — sup-
plementary material). We found border-line association be-
tween F-CPT%02 and non-remission (p = 0.048). The associ-
ation of non-remission expressed as CRP >5 mg/l or as
CPT> 150 pg/g and with F-CPTA02 was also found. The
CRP >S5 mg/l was not predicted by F-CPT%02. Remission
defined as F-CPT > 150 pg/g was predicted by F-CPT%02,
please see Table 2.

Using a cut-off of 1.47%, specificity was 79% and sensi-
tivity was 80% (AUC 0.788) to predict patients who did not
achieve clinical remission at week 6 of EEN treatment (Fig. 3b
— supplementary material). The accuracy of predictors was
described in Table 3.

Discussion

This prospective study has shown that the predictive
value of F-CPT during the early phase of EEN treat-
ment in children with newly diagnosed luminal CD is
not sufficient to select patients who will probably not
respond to EEN at the end of treatment.
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Fig. 2 The development of disease activity from the beginning of EEN
treatment till week 6. Expressed as: a Weighted Pediatric Crohn Disease
Activity Index (WPCDALI): at the beginning of exclusive enteral nutrition
(EEN) treatment, all the included children had clinically active disease
(WPCDAI >12.5), and at week 6, 68% of the patients achieved clinical
remission and the median wPCDAI decreased to 7.0 (interquartile range
(IQR) 0.0, 17.0). b, ¢ The erythrocyte sedimentation (ESR) and C-
reactive protein (CRP) were abnormal in most of the participants (58
and 82%). At week 6 of EEN treatment, the levels of the laboratory

To the best of our knowledge this was the first study trying
to predict non-response during the early phase of EEN.
Gerasimidis et al. [12] used the F-CPT value at day 30 for
the prediction of remission. In this small pilot study, the re-
duction in baseline F-CPT levels had a sensitivity of 100%
(95% CI: 54-100) and specificity of 89% (52 to 100) to pre-
dict induction of clinical remission at the end of treatment.
However, we also found predictability of remission using F-
CPTAO02 and F-CPT%02; the study differs from the current
one in important parameters. The authors chose remission
defined by the original version of PCDALI as a main outcome,
they used day 30 as the predictor, the duration of EEN was
8 weeks and only patients with colonic involvement were
included. We believe that for routine practice the estimate of
the patients who should discontinue EEN treatment earlier
(non-responders) is an important outcome and that prediction
needs to be done in the early stage of induction therapy. For
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markers improved, reaching the normal reference range (median ESR/
CRP: 15.0 (IQR: 10.0, 22.0)/4.0 (IQR: 1.0, 6.0)) in majority of the
children. d The fecal calprotectin (F-CPT) levels in all the patients were
elevated above 150 pg/g (median 1096 pg/g, IQR: 559.2, 3814.2) at the
time of diagnosis. Till week 2, the median F-CPT dropped to 1055 ng/g
(IQR: 535, 2003) and till week 6 it decreased by 510 pg/g (IQR: 115-
1545) (p =0.004). In only four patients, F-CPT levels < 150 pg/g at week
6 were achieved

response and remission, we used the wPCDAI to define dis-
ease activity based on a modified version of the original
PCDALI, which assigns weight for the items of clinical presen-
tation and laboratory parameters and excludes three items
(height velocity, abdominal examination, and hematocrit) with
insignificant discriminatory power [30]. Although using
CPTAO02, we could predict non-remission assessed by
wPCDALI or CRP. The predictive ability was weak (AUC
0.739, 0.787 respectively), and thus clinically not useful.
Endoscopic assessment at the end of induction therapy was
not part of the protocol and would be ethically problematic;
therefore, we chose F-CPT < 150 as approximation of muco-
sal healing and we were able to predict this using both F-
CPTAO02 and F-CPT%02. However, same as for remission,
the predictive parameters were not accurate enough to be use-
ful for clinical practice. Moreover, we found that a transient
moderate increase in the F-CPT level in the early phase of

@ Springer



Eur J Pediatr

Table 2 Prediction of non-
response, and non-remission at

week 6 of EEN treatment based
on absolute and percentage
change of F-CPT till week 2

F-CPTA02* p F-CPT%02° p
dNon-response 0.9991, (0.9979-1.0001)° 0.073 1.0219, (0.7073-1.2303) 0.845
“Non-remission 0.9975, (0.9952-0.9989)° <0.001 1.3337, (0.9984-2.2975) 0.048
{CRP > 5 mg/l 0.9985, (0.9969-0.9995)° <0.001 1.1541, (0.9297-2.1174) 0.237
fF-CPT > 150 pg/g 1.0009, (1.0001-1.002) 0.023 0.7956, (0.5006-0.9838) 0.033

The associations were expressed as odds ratio (OR) with 95% confidence interval (CI). wPCDAI = weighted

Pediatric Crohn Disease Activity Index

2F-CPTAO02, difference between baseline level of F-CPT and week 2

®F-CPT%02, percentage change of the F-CPT

¢ Adjusted for logarithm of basal F-CPT level

9'Non-response defined as wPCDAI > 12.5 points, or there is not a decrease in the wPCDAI by more the 17.5

points

¢ Non-remission defined as wPCDAI > 12.5 points

fCRP = C-reactive protein

€ F-CPT = fecal calprotectin, EEN = exclusive enteral nutrition

EEN induction therapy did not exclude its decrease after the
completion of treatment. The effect of EEN treatment on mu-
cosal healing and, hence, on F-CPT levels seemed to be grad-
ual, confirming the necessity of a given length of treatment. In
a clinical CD trial in which F-CPT and serological inflamma-
tory markers were measured during induction therapy with
EEN, F-CPT was the slowest to return to a normal level, im-
plicating its limited responsiveness to change [13]. We mea-
sured F-CPT concentration at week 2, which seemed to be too
short a period to monitor a significant change in F-CPT levels.

We sought to address the question: when is the best time to
evaluate the response to EEN induction therapy using F-CPT?
We found an improvement in the levels of F-CPT in a majority
of patients; however, the individual concentrations of F-CPT
reached high levels in several clinical responders, even after
the EEN course. Therefore, both F-CPT values and the trend
of the levels (or more accurately, the percentage change of F-
CPT in the log scale) during treatment are important.
According to our results, the decrease in the F-CPT levels to

values of the normal reference range seems not to be necessary
in a short time period in patients receiving EEN. As already
mentioned above, children with CD achieve clinical remission
after the EEN course in approximately 75% [7, 10]; therefore,
EEN is still the first choice for induction of remission in chil-
dren with active CD regardless of the F-CPT levels. In many
children with clinical remission/response, F-CPT levels were
still high at the end of EEN and we know that not all children
with clinical response have mucosal healing already at the end
of 6 weeks [14]. For most children, the ability to tolerate EEN
is already obvious within the first few days of treatment. In
addition, F-CPT has been demonstrated to continue to fall up
to 8 weeks of EEN and all the studies that have demonstrated
mucosal healing from EEN have been after 8 weeks or more
of EEN [3, 12, 28].

Other authors tried to use the predictive value of F-CPT
during EEN in a different way. Frivolt et al. did not find
changes in the F-CPT level between the baseline and week 4
or 12 of EEN treatment to be predictive of remission duration

Table 3  Prediction of non-response (defined as wPCDAI or CRP or F-CPT level), and non-remission at week 6 of EEN treatment based on absolute
and percentage change of F-CPT till week 2

°AUC Specificity Sensitivity Cut-off (ng/g) AUC Specificity Sensitivity Cut-off (%)
“Non-response 0.739 0.848 0.800 —486.0 0.788 0.788 0.800 1.468
®Non-remission 0.753 0.923 0.583 —486.0 0.801 0.615 1.000 0.643
‘CRP>5 mg/l 0.787 1.000 0.588 246.5 0.721 0.750 0.853 1.821
9F-CPT> 150 ug/g 0.787 1.000 0.588 246.5 0.721 0.750 0.853 1.821

wPCDALI = weighted Pediatric Crohn Disease Activity Index

#Non-response defined as WPCDAI > 12.5 points, or there is not a decrease in the wPCDAI by more the 17.5 points

® Non-remission defined as wPCDAI > 12.5 points

¢ CRP = C-reactive protein

9F-CPT = fecal calprotectin

¢ AUC = area under the curve, EEN = exclusive enteral nutrition
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[11]. Another study confirmed that a reduction in the F-CPT
levels in children with CD undergoing EEN treatment was
associated with the induction of clinical remission after EEN
completion [12]. The members of the pediatric committee of
the ECCO suggested that F-CPT be used only as a secondary
outcome measure due to large variability in the results, leading
to low precision and ill-defined cut-off levels in the assess-
ment of disease activity [25].

Despite the fact that other clinical and laboratory parame-
ters were previously studied in patients treated with EEN[1, 3,
8], the results in purpose for the prediction of response to
EEN treatment are scarce. Day et al. [8] showed an improve-
ment in inflammatory markers (erythrocyte sedimentation rate
(ESR), CRP, serum albumin and platelets) after 8 weeks of
EEN in patients with newly diagnosed CD who achieved re-
mission. All the improvements in laboratory markers
paralleled changes in PCDALI, both seen as early as 4 weeks.
Moreover, there are studies which found improvement in ESR
and CRP over a much shorter period (1 week) [1, 3].
According to the study by Borrelli et al. [3], the most signif-
icant improvement in weight and inflammatory markers is
seen in the first 4 weeks of EEN; however, most studies have
shown that weight continues to improve up to 8 weeks of
treatment [6]. Another study by Gerasimidis et al. [12] per-
formed development of inflammatory markers (serum albu-
min, CRP, and ESR) in responders and non-responders to
EEN treatment. In the responders, systemic markers improved
at the end of the EEN course and in the majority of patients
they reached values in the normal reference range, contrary to
non-responders, in whom none of those markers of disease
activity changed significantly.

Another unsolved question regarding EEN treatment is the
effect of disease location on the treatment outcome. Based on
several studies [6, 27], EEN is not as effective for isolated
colonic disease as it is for ileal or ileocolonic disease; however,
more recent studies did not find an effect of disease location on
EEN treatment outcome [4, 28]. It is very difficult to find a
definite conclusion about the predictive role of disease location
on treatment outcome according to several differences in pub-
lished studies, even though it is probably not a strong predictor.

A limitation of the study was the relatively small sample
size. However, if a decrease in the F-CPT concentration by
week 2 can act as a strong predictor, this can also be proven in
a small group of patients. We could not exclude the non-
compliance of patients to EEN treatment. However, the pa-
tients and their caregivers did not know the results of the F-
CPT at week 2, and, thus, this probably did not influence the
results of the study. We allowed the patients to choose be-
tween different types and tastes of formula in order to decrease
non-compliance due to low palatability. Nevertheless, two pa-
tients were not able to continue EEN and were excluded. We
believe that exclusion of these patients did not fundamentally
affect the results. Patients collected the stool samples by

themselves, at home; therefore, the impact of this on the F-
CPT concentrations is unknown. The less-than-accurate re-
sults in the case of high F-CPT levels, as obtained by the
assay, is also a potential limitation. According to published
studies, the F-CPT concentrations are highest in samples col-
lected when there is a long interval between the defecations,
and there is also correlation between stool consistency and the
level of the F-CPT [22]. Therefore, the changes in gastroin-
testinal transit time could affect the F-CPT outcomes in our
patients. On the other hand, all mentioned limitations of using
F-CPT could be the explanation for its variation; however, it
should not affect the main results. The study was not designed
to identify patients who will achieve remission or even muco-
sal healing in the long-term follow-up.

The effect of AZA treatment on induction of remission by
EEN is improbable. Based on the published data [25], AZA in
monotherapy did not induce remission in active CD; therefore,
we did not expect that AZA influenced the induction of re-
mission in our patients treated with EEN.

In conclusion, we found that the difference between the F-
CPT concentrations before EEN treatment and at week 2 or
the percentage of the baseline value cloud not be used as a
single predictor for non-response at the end of induction treat-
ment. Another marker in the early phase should be considered
in future studies as a potential predictor since the F-CPT seems
to return to a normal level too slowly.
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Abstract
Studies showing a substantial frequency of dermatologic complications in paediatric Crohn’s disease (CD) patients on anti-
tumour necrosis factor (TNF) therapy preferentially include patients treated with infliximab. We aimed to identify risk factors for
the cumulative incidence of skin complications in a paediatric cohort receiving either adalimumab or infliximab and found an
association between current skin complications and the patient’s current clinical condition. This study retrospectively evaluated
dermatologic complications in an inception cohort of 100 paediatric CD patients receiving the first anti-TNF (Motol PIBD
cohort). Patient data were collected every 3 months. The lesions were classified as psoriatic, atopic dermatitis, or others. We
used Cox regression to evaluate the association between predefined variables and the time to complication and a generalised
linear mixed model to assess the association between the patient’s current condition and the occurrence of complications. Among
the 89 included children, 35 (39%) presented with dermatologic lesions. The only predictor associated with any complication was
infliximab (versus adalimumab) therapy (hazard ratio [HR]: 2.07; 95% confidence interval [CI]: 1.03—4.17; p = 0.04). Infliximab
therapy (HR: 5.5; 95%CI: 1.59-19.06; p = 0.01) and a family history of atopy (HR: 3.4; 95%CI 1.35-8.57, p = 0.002) were
associated with early manifestation of atopic dermatitis. Lower C-reactive protein levels (odds ratio [OR], 0.947; 95% CI, —0.898
t0 0.998; p = 0.046) and infliximab (versus adalimumab) were associated with the occurrence of any dermatologic complications
(OR, 5.93; 95% CI, 1.59-22.07; p = 0.008).

Conclusion: The frequency of skin complications seems high in paediatric CD patients treated with anti-TNF and is even
higher in those treated with infliximab.

What is Known:

*The dermatologic complications occur during treatment with anti-tumour necrosis factor.

*The frequency of skin complications in paediatric patients with Crohn’s disease is high.

What is New:

eInfliximab (vs. adalimumab) was identified as a strong risk factor for the cumulative incidence of skin complications.
*Lower C-reactive protein levels were associated with the current occurrence of dermatologic complications.
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Abbreviation

ADA Adalimumab

Anti-TNF  Anti-tumour necrosis factor
CI Confidence interval

CD Crohn’s disease

CRP C-reactive protein

f-CPT F-calprotectin

HR Hazards ratio

IFX Infliximab

IQR Interquartile range

OR Odds ratio

wPCDAI  Crohn’s disease activity index
Introduction

Adalimumab (ADA) and infliximab (IFX) are the only
two biologics licensed for the treatment of paediatric
Crohn’s disease (CD) in the European Union and North
America. These two anti-tumour necrosis factor (TNF)
antibodies have shown similar efficacy as induction and
maintenance therapy for CD in randomised control trials
[1, 2]. Based mainly on the data from the TISKids study
[3], the current European Crohn’s and Colitis
Organisation and European Society for Paediatric
Gastroenterology, Hepatology and Nutrition guidelines
recommend anti-TNF as the primary therapy for induction
and maintenance in children with a high risk of poor out-
come [4]. The safety issues of these drugs are thus be-
coming even more important owing to their wide use.
Several complications of anti-TNF therapy have been de-
scribed in adults [5, 6]. Recent data have shown that der-
matologic complications are the most frequent [7, 8].
Psoriatic lesions, atopic dermatitis, and infections are the
most common skin complications in the paediatric popu-
lation [9—-11]. Although most paediatric studies have de-
scribed these complications preferentially with IFX treat-
ment, data comparing ADA and IFX are scarce. Several
risk factors have been proposed, although mostly with
conflicting results, and only a few have been described
as a risk more than once [7-12].

The aim of this study was to identify risk factors for the
cumulative incidence of skin complications in a cohort of
paediatric patients treated with either of the anti-TNF drugs -
ADA or IFX. We aimed to evaluate the risk factors for all skin
complications and separately for psoriatic lesions and atopic
dermatitis. Furthermore, we evaluated the association between
current skin complications and the current clinical condition
of the patient.

@ Springer

Materials and methods
Patient population and data collection

The study was designed as a retrospective evaluation of
dermatologic complications in the inception cohort of 100
paediatric patients with CD treated with ADA or IFX as a
first-line biological treatment (Motol PIBD cohort). The
cohort primarily focused on evaluating the efficacy of
anti-TNF treatment, and the follow-up ended when the
patient reached the primary endpoint of the cohort (stop-
ping the current anti-TNF therapy, intensification of anti-
TNF therapy, abdominal surgery, and complications of
the disease, such as newly diagnosed ileocecal stricture,
abscess, or perianal disease). The minimum follow-up pe-
riod without reaching the endpoint was 24 months. The
first administration of anti-TNF was administered between
2013 and 2017. Patient data were collected from electron-
ic medical charts using the REDCap [13]. The collected
data included demographic characteristics (age, sex, eth-
nicity); baseline characteristics and classification of the
disease (immunopathology, Paris classification, anti-
Saccharomyces cerevisiae antibody, anti-neutrophil cyto-
plasmic antibody), personal and family medical history
(dermatologic conditions and inflammatory bowel disease
[IBD]); clinical characteristics and basic laboratory data
from the time of diagnosis, from the time of first anti-
TNF application, and in 2- to 3-month intervals during
follow-up (height, weight, weighted paediatric Crohn’s
disease activity index [wWPCDAI], erythrocyte sedimenta-
tion rate, C-reactive protein [CRP], albumin, F-
calprotectin [f-CPT], simple endoscopic score, and radio-
logical findings). We also collected data on IBD-related
medications (induction treatment, immunosuppressants,
dose and interval of anti-TNF therapy, and drug levels
and drug antibodies). Exclusion criteria for the analysis
were lost to follow-up in less than 2 years, patients’
non-adherence to anti-TNF treatment, and missing data
on the outcome.

Variables as predictors

Based on previously published literature and theoretical dis-
cretion, we pre-selected potential risk factors for dermatolog-
ical complications: sex, upper gastrointestinal tract involve-
ment, penetrating and structuring behaviour, perianal disease,
smoking, Z-score of body mass index, age at first application
of anti-TNF treatment, type of anti-TNF, concomitant immu-
nopathology, anti-Saccharomyces cerevisiae antibody, anti-
neutrophil cytoplasmic antibody, family and personal history
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Table 1  Demographic and clinical characteristics of patients

Patients without dermatologic complication N = Patients with dermatologic complication N=  p
54 35 value
Age at first anti-TNF, years 15.03 (12.1-16.86), NA =0 15(13.84-16.25), NA =0 0.28
Sex, man 35(0.65),NA =0 20 (0.57), NA=0 0.47
Smoking 2 (0.04),NA=0 2 (0.06), NA=0 0.66
Ethnicity (Caucasians) 51(0.96),NA =1 34 (097),NA=0 0.81
Family history of IBD 10 (0.19), NA =0 2 (0.06), NA=0 0.07
Immunopathology 2(0.04), NA=0 4(0.11), NA=0 0.16
Localisation L1' 17 (0.31),NA=0 10 (0.29),NA=0 0.77
Localisation L2! 5(0.09),NA=0 1(0.03), NA=0 0.21
Localisation L3' 32 (0.59),NA=0 24 (0.69), NA =0 037
L4 (non L4a nor L4b) ! 19 (0.35), NA =0 14 (0.40), NA =0 0.65
Behaviour B1' 36 (0.67), NA=0 28 (0.80), NA =0 0.17
Behaviour B2! 11 (0.20), NA =0 5(0.14),NA =0 0.46
Behaviour B3' 4(0.07),NA=0 2 (0.06), NA =0 0.75
Behaviour B2&B3' 3(0.06), NA=0 0(NA),NA=0 0.08
Perianal disease' 12 (0.22), NA =0 8(0.23),NA=0 0.94
Growth retardation, G1' 10 (0.19), NA =0 12 (0.35), NA =1 0.08
ASCA, positivity in IgG or IgA 42 (0.88),NA =6 26 (0.84), NA =4 0.65
ANCA, positivity 7(0.14),NA =5 6(0.20), NA =5 0.51
Number of eosinophils 0.13 (0.07-0.36), NA =13 0.11 (0.05-0.23), NA =5 0.06
wPCDALI 22.5(11.88-32.50), NA =6 35(9.38-40.00), NA =9 0.18
Height, Z-score —1.4(-472100.13), NA=0 —1.39 (= 2.90 to 0.04), NA=0 0.20
BMI, Z-score —-1.07(—=2371t00.11), NA=0 —1.33 (= 1.94t0 0.41), NA=0 0.94
Personal history of atopy 32 (0.59), NA=0 24 (0.69), NA=0 0.37
Family history of atopy 10 (0.19), NA=0 12 (0.34), NA=0 0.09
Family history of psoriasis 2 (0.04), NA=0 2 (0.06), NA=0 0.66
Anti-TNF, infliximab 27 (0.50), NA=0 23 (0.66), NA =0 0.14
Anti-TNF, adalimumab 27 (0.50), NA=0 12 (0.34), NA=0 0.14
Follow-up on anti-TNF 2.11 (0.63-3.10), NA=0 2.84 (1.92-3.69), NA =0 0.02
Time to anti-TNF, years 0.78 (0.38-2.03), NA=0 0.89 (0.31-1.62), NA =0 0.81
Percentage of time on 1 (0.95-1.00), NA=0 1(1.00-1.00), NA =0 0.77

immunomodulator?

! According to the Paris classification, > 82 was exposed to azathioprine, one to 6-mercaptopurin and two to methotrexate

Continuous variables are presented as medians (interquartile ranges) and categorical variables as absolute frequencies and percentages, and NA number

of missing data

TNF, tumour necrosis factor; ASCA, anti-Saccharomyces cerevisiae antibody; ANCA, anti-neutrophil cytoplasmic antibody; wPCDAI, weighted

paediatric Crohn’s disease activity index; BMI, body mass index

ofatopy or psoriasis, and the number of eosinophils at the time
of first administration of anti-TNF therapy. For the secondary
outcomes, we tested the associations between current skin
manifestations and current parameters of disease activity
(wPCDAI, CRP, f-CPT), immunosuppressive therapy, and
anti-TNF drug serum levels and antibodies.

Outcome

We collected data on the potential skin complications of anti-
TNF therapy at each follow-up visit. All patients who

manifested potential skin complications of anti-TNF therapy
were instructed to visit a dermatologist. The type of dermato-
logic complication was assessed by a paediatric gastroenterol-
ogist or a paediatric dermatologist. If the skin lesion was de-
termined by a paediatric dermatologist as uncertain, a biopsy
was indicated. For the purpose of the incidence cohort, the
lesions were classified as psoriatic (including psoriasis, psori-
atic eczema, and pustulosis), atopic dermatitis, or others prob-
ably related to anti-TNF therapy. Significant worsening of
atopic dermatitis was also considered a potential complication
of anti-TNF therapy.
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Statistical analysis

All data were analysed using R statistical software (version 3.6.0)
[14]. Continuous variables were described as medians and inter-
quartile ranges (IQR). Categorical variables were described as
absolute frequencies and percentages. Missing data were not
imputed. The pre-selected predictors were tested using unadjust-
ed Cox regression for three outcomes (time to the first occurrence
of any dermatological compilation, time to first psoriatic lesion,
and time to first atopic dermatitis or time to first significant wors-
ening of atopic dermatitis during anti-TNF treatment). To assess
the importance of particular variables, we further tested the asso-
ciation of skin complications with the variables using multivari-
able Cox proportional-hazards models. As the secondary aim
was to evaluate the association between current dermatological
complications and current patient condition, we used a general-
ised linear mixed model with dermatological complications as an
outcome. All these mixed models were adjusted for the follow-
up time. The trough levels were tested as quartiles and antibodies
as categorical variables. When the values were missing, we omit-
ted the time points from the current analysis.

Ethical considerations

The study was approved by the local ethics committee, and
informed consent was obtained from the parents of all
patients.

Fig. 1 Flowchart showing
exclusions from the cohort

Table 2 Frequency of dermatologic complications

Number of patients

Any dermatologic complications 35(0.39)

Psoriatic lesions 13 (0.15)*

- Psoriasis 4 (0.04)

- Psoriatic eczema 6 (0.07)

- Pustulosis 5 (0.06)

Atopic dermatitis 18 (0.20)

Other, probably associated with anti-TNF 11 (0.12)

Some patients exhibited more than one dermatologic complication. 7NF'
tumour necrosis factor. * One patient had psoriatic eczema and pustulosis,
and one patient had psoriasis and psoriatic eczema

Results

Among the 100 patients included in the cohort, 11 were ex-
cluded (Fig. 1). The characteristics of the 89 included patients
are summarised in Table 1 and Supplementary Table S1. The
median follow-up period for the patients was 2.49 (IQR: 0.90—
3.47) years.

Frequency and cumulative incidence of dermatologic
complications

Among the entire cohort, we found 35 (39%) patients with any
recorded dermatologic manifestations. The most frequent

Excluded (N=11)

- Follow-up < 2 years (N=7)
— - Non-adeherence (N=1)

- Missing data (N=0)

- Change of diagnosis (N=1)

Assesed for eligibility

(N=100)

Met inclusion criteria

(N=89)

Infliximab

(n=50)
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Fig. 2 Cumulative incidence of dermatological complications in paediatric Crohn’s disease patients treated with anti-TNF therapy. a For any derma-
tologic complications, b for psoriatic complications, ¢ for atopic dermatitis. o, censored

symptom was worsening or new-onset atopic dermatitis (n = 18,
20%), followed by psoriatic lesions (n =13, 15%). The occur-
rence of all skin complications is presented in Table 2. Some
patients presented with more than one dermatological complica-
tion. Survival curves show the time to first skin complications
(Fig. 2). After 2 years of follow-up on anti-TNF therapy, approx-
imately 35% of patients developed at least one of the dermato-
logical complications. During the follow-up, 34 patients stopped
anti-TNF treatment; only one patient within the cohort stopped
treatment with ADA because of severe psoriasis. All other der-
matological complications were managed with topical treatment.

Risk factors for dermatologic complications

In the unadjusted Cox regression analysis with predefined
variables (Supplementary Table S2, Fig. 3), the only predictor
associated with any complication was IFX therapy (hazard
ratio [HR]: 2.07; 95% confidence interval [CI]: 1.034.17; p
= 0.04). No association was found between the time to the
occurrence of psoriatic lesions and the tested predictors. [FX
therapy (compared to ADA; HR: 5.5; 95% CI: 1.59-19.06; p
=0.01; Fig. S1A), and a family history of atopy (HR: 3.4; 95%
CI: 1.35-8.57; p = 0.002; Fig. S1B) were associated with the
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early manifestation of atopic dermatitis. When both were test-
ed in the multiple Cox regression model, only the association
with IFX remained significant (HR, 4.46; 95% CI, 1.26—
15.85; p =0.021).

Association between current dermatologic
complication and patient’s condition

Using a generalised linear mixed model adjusted for follow-
up time, we found that lower CRP (odds ratio [OR], 0.947;
95% CI, 0.898-0.998; p = 0.046) and the type of anti-TNF
were associated with the presence of any dermatologic com-
plications (IFX versus ADA, OR: 5.93; 95% CI: 1.59-22.07;
p=0.008). Other factors that expressed patient disease activity
(WPCDAL, f-CPT) were not associated with dermatological
complications. The associations of both CRP level and type
of anti-TNF remained significant in the multiple regression
mixed model (Table S3). No association was found with
trough levels or antibodies.

Discussion
In the cohort of paediatric CD patients receiving either of the
two first-line anti-TNF drugs, after a median of 2.5 years, IFX

therapy increased the risk of dermatological complications by
two times (HR: 2.07; 95% CI: 1.03—4.17; p = 0.04) and by

@ Springer

Time [years]

nearly six times when a flare-up of atopic dermatitis was con-
sidered the outcome (HR: 5.5; 95% CI: 1.59-19.06; p = 0.01).

The only paediatric study, including both drugs (ADA and
IFX), found IFX to be a risk factor for psoriasiform lesions [9].
In contrast, large adult studies did not find differences in skin
complications with regard to the type of anti-TNF therapy [7,
8, 15]. A recent meta-analysis showed a pooled incidence of
eczema in approximately 5.5% (anti-TNF treated) patients in
studies that combined 5526 adult patients [16]. Atopic derma-
titis was observed in 20% of patients during a median follow-
up of 2.5 years, which was slightly higher than that seen in
other paediatric studies (12 %—14%) [9, 10]. The type of anti-
TNF was strongly associated with atopic dermatitis in our
cohort (nearly a six-fold increased risk for [FX) and remained
independent of a presumptive association with a family histo-
ry of atopy on multivariable analysis. Moreover, our data sug-
gested that dermatological complications were associated with
decreased systemic disease activity as measured with CRP. It
could be hypothesised that effective blocking of TNF accom-
panied by low CD activity could shift the Th1/Th2 immune
response towards Th2, which is the predominant response in
atopic dermatitis [17].

The overall incidence of dermatological complications
seems to be higher in children than in adults [7]. When pro-
spectively collected, skin complications were found in nearly
every other paediatric patient [10]. A total of 39% of non-
infectious dermatological complications detected seemed to
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be slightly higher than the frequency recognised by retrospec-
tive paediatric studies [9, 11].

The true clinical question, assuming the comparable effica-
cy and safety of these two drugs, is whether this slightly higher
frequency of complications can lead to prioritising ADA in
paediatric patients (or to give it priority, e.g. in a subgroup of
patients). We should admit that even with these new findings,
the current data are limited and do not allow us to make a firm
generalisable conclusion. It should also be noted that in our
cohort, dermatological complications led to anti-TNF with-
drawal only in one patient treated with ADA. However, with
a personalised approach, one could consider favouring ADA
in paediatric patients with a family history of atopy.

This study has some limitations. First, although the cohort
was prospectively captured, dermatological complications
were collected retrospectively, and it is possible that skin le-
sions occurred in some patients without documentation in the
medical records. Nevertheless, we believe that only a minority
of lesions were missed, as the data were collected at intervals
of less than 3 months. Moreover, the same technique of data
collection was applied for patients treated with both IFX and
ADA; thus, the difference should not be explained by that.
Importantly, the cohort was homogenous (Table S1). Only
the family history of atopy and follow-up period differed be-
tween the groups treated with ADA and IFX, and this was
statistically managed by adjustment for these covariates in
regression mixed models. Second, the cohort sample size
was relatively small, and thus generalisation should be per-
formed with caution. Third, although patients were instructed
to visit a paediatric dermatologist, some were diagnosed
(mainly with minor lesions) by a paediatric gastroenterologist.
As the types of dermatologic lesions were not evaluated by
one physician alone, lesions could be diagnosed differently.

Conclusion

In conclusion, we found a high frequency of skin complica-
tions, especially significant worsening or new-onset atopic
dermatitis, in this cohort of paediatric patients with CD treated
with anti-TNF therapy. IFX therapy appears to be a predictor
of skin complications.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00431-021-04077-0.
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Prediction of Thiopurine Metabolite Levels Based on
Haematological and Biochemical Parameters
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ABSTRACT

Objectives: Therapeutic drug monitoring of thiopurine erythrocyte
levels is not available in all centers and it usually requires quite a
long time to obtain the results. The aims of this study were to build a
model predicting low levels of 6-thioguanine and 6-methylmercapto-
purine in pediatric inflammatory bowel disease (IBD) patients and to
build a model to predict nonadherence in patients treated with azathi-
oprine (AZA).

Methods: The study consisted of 332 observations in 88 pediatric IBD
patients. Low AZA dosing was defined as 6-thioguanine levels <125 pmol/
8 x 10% erythrocytes and 6-methylmercaptopurine levels <5700 pmol/8 x 10
erythrocytes. Nonadherence was defined as undetectable levels of 6-
thioguanine and 6-methylmercaptopurine <240 pmol/8 x 10% erythrocytes.
Data were divided into training and testing part. To construct the model
predicting low 6-thioguanine levels, nonadherence, and the level of 6-
thioguanine, the modification of random forest method with cross-
validation and resampling was used.

Results: The final models predicting low 6-thioguanine levels and
nonadherence had area under the curve, 0.87 and 0.94; sensitivity, 0.81
and 0.82; specificity, 0.80 and 86; and distance, 0.31 and 0.21, respectively,
when applied on the testing part of the dataset. When the final model for
prediction of 6-thioguanine values was applied on testing dataset, a root-
mean-square error of 110 was obtained.

Conclusions: Using easily obtained laboratory parameters, we constructed a
model with sufficient accuracy to predict patients with low 6-thioguanine
levels and a model for prediction of AZA treatment nonadherence (web
applications: https://hradskyo.shinyapps.io/6TG _prediction/ and https://
hradskyo.shinyapps.io/Non_adherence/).
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What Is Known

* Therapeutic drug monitoring of thiopurine erythro-
cyte levels plays an important role in management of
treatment in pediatric patients diagnosed with
inflammatory bowel disease.

* The monitoring of thiopurine erythrocyte levels is not
easily accessible in all centers.

What Is New

* Readily available laboratory parameters were used to
build a model to predict low levels of 6-thioguanine
along with low 6-mercaptopurine in pediatric
patients with inflammatory bowel disease.

* A web application allowing the prediction of low 6-
thioguanine erythrocyte levels is now available.

are recommended as 1 option for the maintenance of steroid-
free remission in children with Crohn disease (CD) (1). The efficacy
of thiopurines in children has been shown in 1 randomized placebo-
controlled trial (2) and confirmed in a recent meta-analysis in adults
(3). Thiopurines are not only used in monotherapy but also in
combination with antitumor necrosis factor (aTNF). Despite several
controversies that existed, the combined therapy was widely used at
least for the first 6 months of treatment (4). The advantage of the
combination therapy has been well documented in adults (5), and
supporting data from pediatric registry have also been published (6).

I hiopurines (azathioprine [AZA] or 6-mercaptopurine [6-MP])
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Observational studies show that approximately 50% of pedi-
atric patients loose the response to AZA during first 2 years of
treatment (7-9).

The recent meta-analysis enrolling 2049 patients clearly
demonstrated an association between 6-thioguanine nucleotides
levels and clinical remission rates in patients with inflammatory
bowel disease (IBD) (10). When AZA was used in monotherapy, the
cutoff value between 235 and 260 pmol/8 x 10® erythrocytes of 6-
thioguanine (6-TGN) was found for clinical remission (10). Not all
centers have drug levels available, and moreover, if they are
available, it usually takes a long time to obtain the results.

Several studies have shown an association between hemato-
logical parameters and 6-TGN levels (11-15). Although the mean
cell volume and number of lymphocytes were sometimes used in
clinical practice (16), the simple linear association was not strong
enough to predict 6-TGN levels (13). The first models to predict
objective remission, nonadherence, and shunting to 6-methylmer-
captopurine (6-MMP) in IBD patients using machine learning
algorithms were recently published (17,18).

We aimed first to build a model to predict low levels of 6-
TGN along with low 6-MMP in pediatric IBD patients. Second, we
tried to build a model to predict nonadherence in patients treated
with AZA. Then, we tried to construct a model for the prediction of
an exact value of 6-TGN. Finally, we tried to implement all these
models into web applications.

MATERIALS AND METHODS

Patient Population and Data Collection
The complete dataset consists of observations from CD
patients previously included in 2 observational, not yet published

studies (Group A, Group B) and patients with CD not treated with
AZA (Group C). The eligibility of patients is described in a
flowchart (Fig. 1). After meeting all the inclusion criteria, the entire
group consisted of 332 observations. Group A consisted of 270
observations among 50 pediatric CD patients treated with a combi-
nation of infliximab (IFX) and AZA as a part of an ongoing study
that focused on relationship between IFX levels and levels of
thiopurine metabolites. The patients in whom thiopurine metab-
olites were measured during repeated regular visits were recruited
consecutively from the Department of Pediatrics, Motol University
Hospital, between February 2016 and June 2017 and Department of
Pediatrics, University Hospital Olomouc, between August 2016
and July 2017. Group B involved 39 observations in 19 pediatric
CD patients included in the study focusing on the psychological
factors and sport activity conducted at the University Hospital
Olomouc. Those patients were treated with AZA or AZA in
combination with aTNF therapy. Group C encompassed 23 obser-
vations from regular blood examinations in 19 CD pediatric
patients treated with adalimumab (ADA) or IFX in monotherapy.
Observations from patients with at least 1 mutation in thiopurine S-
methyltransferase (TPMT), observations with missing TPMT sta-
tus, 6-MMP, or 6-TGN levels, and observations with missing mean
corpuscular volume (MCV) were excluded (Fig. 1). For creating a
nonadherence model, we excluded patients with AZA dose >0 and
<1 mg/kg/day.

Thiopurine Metabolites and Its Measurement

After sample collection, erythrocytes were washed, diluted in
water (1:1), and stored at a maximum of —20°C until analysis.
Using a preparation protocol adopted from Dervieux and Boulieu

Group A
- Observations 316

- Patients 62

Group B
- Observations 44

- Patients 21

Group C
- Observations 23

- Patients 19

S

S

a

Total numbers assessed for eligability

Excluded
- 6-MMP missing (P:1/0:1)

- Observations 383 — -non TPMT wild-type homozygotes*
- Patients 102 (P31, 0:41)
= MCV missing (P:3/0:3)
Included
- Observations 332
- Patients 88

FIGURE 1. Flowchart of pediatric patients with Crohn disease. “TPMT genotype missing in 10 patients, 3 patients were TPMT heterozygotes.
Group A consisted of observation of pediatric CD patients treated with combination of infliximab (IFX) and AZA as a part of ongoing study
focused on relationship between IFX levels and levels of thiopurine metabolites. Group B involved observations of pediatric CD patients
included into the study focused on psychological factors and sport activity conducted at University Hospital Olomouc. Those patients were
treated with AZA or AZA in combination with adalimumab or infliximab therapy. Group C encompassed observations from regular blood
examinations in pediatric CD patients treated with adalimumab or infliximab in monotherapy. CD = Crohn disease; MCV = mean corpuscular
volume; 6-MMP = 6-methylmercaptopurine; O = observations; P = patients; TPMT = thiopurine methyltransferase.
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(19), samples were further prepared and then analyzed using
high-performance liquid chromatography with diode array detec-
tion (20,21). Calibration curves in the range 0.25, 0.5, 1.0, 2.5,
5.0, 10.0, and 20.0 wmol/L for 6-TGN and 2.5, 5.0, 10.0, 25.0,
50.0, 100.0, and 200.0 pmol/L for 6-MMP prepared from drug-
free healthy volunteer erythrocytes and concurrently analyzed
were used to determine final concentrations of thiopurine meta-
bolites.

Variables as Predictor

On the basis of previously described association of metab-
olites, and predictors including their possible co-variables and their
routine availability in clinical practice, we selected MCV, red blood
cell distribution width (RDW), S-albumin, hematocrit, mean cor-
puscular hemoglobin concentration (MCHC), platelet count, serum
iron, transferrin saturation, actual age, and sex as the predictors for
basic regression models.

Definitions

The low AZA dosing was defined as 6-TGN levels
<125pmol/8 x 10® erythrocytes and 6-MMP levels <5700 pmol/
8 x 10% erythrocytes (22,23). Nonadherence was defined as 6-TGN
levels =0 pmol/8 x 10® erythrocytes (or undetectable) and 6-MMP
levels <240 pmol/8 x 10® erythrocytes.

Statistical Analysis, Data Imputation, and
Model Construction

All data were analyzed using R statistical software (version
3.4.4). Continuous variables were described as median and
interquartile range (IQR). Categorical variables were described
as absolute frequencies and percentages. Missing data were
imputed in 6 steps based on linear regression model after both
side elimination using other variables (except outcome) as pre-
dictors. Before imputation, the following were the numbers of
missing values: hemoglobin, 1; lymphocyte number, 2; RDW, 2;
ALB, 20; Fe, 24; and transferrin saturation, 112. To assess the
importance of particular variables, we tested the association of 6-
TGN with variables in multiple logistic regression model and the
final regression models were selected using stepwise model
selection by Akaike information criterion. For further analysis,
we used selected list of predictors from these models. The
prediction models were constructed using R package ‘“‘caret”
(24). Data were divided into training (60%) and testing part
(40%). For construction of the model predicting lower levels

of 6-TGN and nonadherence, the modification of random forest
method minimizing the distance to the perfect model with cross-
validation (12 number) and resampling (150 repeats) was used.
We used modification of random forest method for the construc-
tion of the model predicting the value of 6-TGN. The model was
judged using root-mean-square error (RMSE) and mean absolute
error (MAE). For the model construction, only training part of the
dataset was used. The accuracies of these particular models were
tested on testing parts of datasets.

No information regarding other tests results were available to
readers of a particular test.

ETHICAL CONSIDERATIONS

The study was approved by the ethics committee of the
institution, and informed consent was obtained from the parents of
all patients.

RESULTS
In all, 88 patients were included into the study (29 girls
[33%], median age at the time of diagnosis 12.95 (10,4-15), 63
[72%)] treated with IFX, 10 [11%] treated with ADA, 69 [78%]
treated with AZA). Table 1 shows the demographic and thera-
peutic characteristics of observations among particular study
groups.

Prediction of “Need for Azathioprine
Escalation”

We found an independent association of ‘‘need for AZA
escalation” (defined as 6-TGN <125 pmol/8 x 10® erythrocytes
and 6-MMP <5700 pmol/8 x 10° erythrocytes) with actual age,
MCV, and RDW (for all P<0.001) and absolute number of
lymphocytes (P=0.041) in multiple logistic regression model
using all predictors.

The final model using modified random forest method on
training dataset has the following values: area under the curve
(AUC), 0.87; sensitivity, 0.81; specificity, 0.80; and distance, 0.31.
The importance of each variable is displayed in Figure 2A.

The accuracy of final predictive model applied on testing
dataset is displayed in Table 2 and the receiver operating charac-
teristic curve (ROC) of the model in Figure 2B.

Prediction of “Azathioprine Nonadherence”

We found independent association of ‘‘AZA non-adher-
ence” (defined as 6-TGN level =0pmol/8 x 10® erythrocytes

TABLE 1. Demographic and therapeutic characteristics of observations

Group A (N=270)

Group B (N=39)

Group C (N =23) All (N=332)

Sex, female
Age at diagnosis, years
Age at visit, years

69 (26%)
11.9 (10.2-13.6)
15.3 (14-16.8)

Infliximab 270 (100%)
Adalimumab 0 (0%)
Azathioprine 270 (100%)
Azathioprine dose, mg/kg/day 1.6 (1.3-1.9)

8 (21%)
13.2 (10.4-15.1)
14.4 (12.95-17.2)

87 (26%)
12 (10.2-14.1)
15.4 (13.9-17.2)

10 (43%)
13.6 (10.65-15)
17.5 (16.05-18.1)

5 (13%) 13 (57%) 288 (87%)
1 (3%) 10 (43%) 11 3%)

39 (100%) 0 (0%) 309 (93%)

2 (1.75-2.2) 0 (0-0) 1.6 (1.2-1.9)

Group A consisted of 270 observations among 50 pediatric CD patients treated with combination of infliximab (IFX) and AZA as a part of ongoing study
focused on relationship between IFX levels and levels of thiopurine metabolites. Group B involved 39 observations in 19 pediatric CD patients included into the
study focused on psychological factors and sport activity conducted at University Hospital Olomouc. Those patients were treated with AZA or AZA in
combination with aTNF therapy. Group C encompassed 23 observations from regular blood examinations in 19 CD pediatric patients treated with adalimumab

(ADA) or IFX in monotherapy. AZA = azathioprine; CD = Crohn disease.
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FIGURE 2. Bar plot showing relative importance of predictors in model constructed using training dataset and Receiver operation characteristic
curve for final model in testing dataset for prediction of “need for AZA escalation’ and prediction of “AZA non-adherence.” (A) Prediction of
“‘need for AZA escalation,”” (B) prediction of “need for AZA escalation,” (C) prediction of “AZA non-adherence,” (D) prediction of “AZA
nonadherence.” Age = age at the time of observation; AUC = area under curve; AZA = azathioprine; Cl = 95% confidence interval-based
bootstrap method; HCT = hematocrit; lymphocytes = absolute number of lymphocytes; MCHC = mean corpuscular hemoglobin concentration;
MCV = mean corpuscular volume; PLT = platelet; RDW = red blood cell distribution width.

and 6-MMP level <240 pmol/8 x 10% erythrocytes) with actual age,
MCV, absolute number of lymphocytes, and RDW (for all
P <0.001), and sex (P=0.006) in multiple logistic regression
model using all predictors.

The final model using modified random forest method on
training dataset has the following values: AUC, 0.94; sensitivity,
0.82; specificity, 0.86; and distance, 0.25. The importance of each
variable is displayed in Figure 2C.

e108

The accuracy of final predictive model applied on testing
dataset is displayed in Table 2 and the ROC of the model in
Figure 2D.

Prediction of  6-Thioguanine Values”

The final model using modified random forest regression on
training dataset has RMSE =110, R?=0.45, and MAE = 85. When
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TABLE 2. Parameters of prediction models obtained on testing dataset

Prediction of ‘‘need for AZA escalation”

Prediction of ‘‘AZA nonadherence”

Accuracy (95% CI)

Sensitivity 0.85
Specificity 0.81
LR+ 4.47
LR— 0.19

0.84 (0.77-0.90)

0.87 (0.81-0.94)
0.89
0.88
7.42
0.13

Need for AZA escalation was defined as 6-TGN <125 pmol/8 x 10® erythrocytes and 6-MMP <5700 pmol/8 x 10¥ erythrocytes. AZA nonadherence was
defined as 6-TGN = 0 pmol/8 x 10% erythrocytes and 6-MMP <240 pmol/8 x 10 erythrocytes. AZA = azathioprine; CI = confidence interval; LR+ = positive

likelihood ratio; LR— = negative likelihood ratio.

applied on testing dataset, we obtained RMSE = 110 and MAE =78
(IQR 31-97).

DISCUSSION

In this study, we constructed a model with sufficient accu-
racy for the prediction of patients who have low 6-TGN levels and
who will probably profit from AZA dose escalation based on
rapidly available standard laboratory parameters.

We found strong association of low thiopurine levels with
actual age, MCV, absolute number of lymphocytes, and RDW.
These associations have been previously published (11,13—15,25).
Some authors, however, attempted to predict the levels of thiopur-
ines solely based on a single predictor, which was not sufficient to
reach the required accuracy.

Although the model for prediction of low metabolite level
could not fully substitute standard measurement of intracellular
metabolites in erythrocytes by high-performance liquid chromatog-
raphy, it can serve as an approximation until data from testing are
available. Moreover, if the method is not available at a center, it
could help to shift clinical decision bearing in mind imperfection of
the estimation.

Nonadherence

We built a mathematical model for prediction of patients who
are probably nonadherent to AZA treatment. Similarly, Waljee et al
(17) using machine learning algorithms built the predictive models
with AUC of 0.81 and later 0.84 in a mixed group of patients (their
age ranged from 5 to 86 years). Some differences between our study
and the previously mentioned one exist. We included only patients
with CD as we had assumed some singularity between CD and
ulcerative colitis in hematological markers (14). Due to the associ-
ation between RDW and iron deficiency anemia, we added also iron
metabolism markers as a predictor (26), and we included only
healthy homozygotes of TPMT gene. The majority of included
patients have been treated with combination therapy (AZA and
aTNF therapy), and finally, only pediatric patients were included.
These aspects could lead to more consistent group, which may
partly explain slightly the better accuracy of our model (AUC 0.91
vs 0.84). On the other hand, part of our study group was recruited
from a different center, although levels of metabolites were evalu-
ated in the same laboratory.

The exact proportion of AZA nonadherent IBD patient to
monotherapy or even to AZA in combination with biologics is not
known. Using thiopurine metabolite monitoring, 17% of adult IBD
patients were found to be nonadherent to AZA (27). One may
speculate that the frequency of nonadherence could be much
higher, when the levels of thiopurine metabolites were not
checked. More nonadherence could also be expected in patients
on combined therapy. Thus, searching for nonadherence should be
part of clinical practice and could significantly improve health

www.jpgn.org

outcome. Waljee et al (17). suggested to use MCV/WBC ratio in
clinical practice; however, these 2 parameters had worse accuracy in
comparison with their complex final model. Using our free web
application, clinicians could use our full model. It should be noted,
that direct measurement using thiopurine level testing or developed
web application can only be considered one of many parts of
assessment of nonadherence. The pill count and Adherence Self-
report scales (28) should probably be part of the investigation.
Prediction models for pediatric IBD patients could have dissimila-
rities. Age and sex could be more important variables during child-
hood, for example, because of changes in hematological indices, or
because of psychological changes during adolescence. Thus, our
models cannot be used for adult IBD patients before validation and
even then might not reach the accuracy that they have in pediatric
population. Even though we used the data of patients from 2 different
centers and tested our models on different subsets of the dataset, it will
still be necessary to validate our models on an external validation
cohort, preferably using data from a different laboratory.

Limitations

Some limitations of our study should be addressed. Our
sample size was relatively small, and thus, generalization of our
models should be done with caution. Similar to other authors,
(17,18) we used repetitive observation of patients. As our dataset
was incomplete, we needed to perform imputation based on regres-
sion models blinded to thiopurine metabolites.

CONCLUSIONS

In conclusion, we constructed a model with sufficient accu-
racy to predict patients with low 6-TGN levels and who will,
therefore, probably benefit from AZA dose escalation based on
readily available standard laboratory parameters. We also built a
mathematical model for the prediction of patients who are probably
nonadherent to AZA treatment. These 2 models have been imple-
mented within a web application (https://hradskyo.shinyapps.io/
6TG_prediction/ and https://hradskyo.shinyapps.io/Non_adher-
ence/), allowing their use in clinical practice. Using these easily
obtained laboratory data, however, we were unable to construct a
model to predict exact values of 6-TGN.
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Abstract

Background The additional value of azathioprine concomitant treatment on infliximab pharmacokinetics in children is not
well described yet.

Aims In the present study, we aimed to describe the relationship between thiopurine metabolite levels, infliximab trough
levels, anti-IFX antibody formation, and clinical and laboratory markers of disease activity in pediatric patients with Crohn’s
disease, and to assess non-adherence.

Methods Data were collected prospectively during repeated visits from pediatric patients followed for Crohn’s disease in
two Czech pediatric inflammatory bowel disease centers between January 2016 and June 2017. Thiopurine metabolites
(6-thioguanine and 6-methylmercaptopurine) were measured by high-performance liquid chromatography. Infliximab trough
levels and anti-IFX antibody serum levels were measured routinely by ELISA. The risk of loss of response to infliximab
therapy was also assessed.

Results A significant association between infliximab serum levels and 6-thioguanine erythrocyte levels was observed when
tested as categorical variables (63 patients, 321 observations). To predict infliximab levels > 5 pg/mL, we propose a
6-thioguanine cutoff of 278 pmol/8 x 10® erythrocytes (sensitivity, 0.799; specificity, 0.347). A higher loss-of-response-to-
infliximab rate (tested in a subgroup of 51 patients) was observed in patients with undetectable 6-thioguanine levels than in
those with detectable levels (p = 0.026). Non-adherence to azathioprine therapy was suspected in 20% of patients.
Conclusion Thiopurine metabolite monitoring in pediatric patients with Crohn’s disease is useful when optimizing combina-
tion therapy. Pediatric patients with undetectable 6-thioguanine levels are more likely to lose response to infliximab therapy.
When targeting optimal infliximab levels, the 6-thioguanine cutoff levels in children appear to be higher than in adults.

1 Introduction
Key Points
In adults, concomitant azathioprine administration during

infliximab therapy is associated with lower levels of anti- We §valuat§d the association b.etwe.en inﬂix'imab and
bodies against infliximab (anti-IFX) and increased inflixi- o-thioguanine|(6=TGN) levelsinichildecniyith Crohn’s
mab trough levels, resulting in better clinical outcomes than d1§ease on combination therapy (infliximab and azathio-
with infliximab monotherapy [1]. However, after 6 months prine).

of combination therapy, the additive effect of long-term Patients with undetectable 6-TGN levels are more likely

to lose response to infliximab therapy (compared with
those with detectable 6-TGN levels).

P4 Kristyna Pospisilova

potuznikovakris @gmail.com Thiopurine metabolite monitoring is useful even in com-

. . . . bination therapy.
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azathioprine co-administration has been reported to be mar-
ginal [2-4].

As 6-thioguanine nucleotides (6-TGN) are active metabo-
lites of azathioprine, they also function as therapy effectors
[5]. The simplified azathioprine metabolism is presented in
Fig. 1 [6, 7]. Azathioprine in monotherapy has been demon-
strated to be more effective when a patient’s 6-TGN levels
are > 230 pmol/8 X 10® red blood cells (RBCs). In combina-
tion therapy, 6-TGN levels > 125 pmol/8 x 108 RBCs seem
to be sufficient to achieve effective trough infliximab levels
in adults [8—13]. In children, the dosing of azathioprine in
combination therapy may not need to be as high as in mono-
therapy [13].

Some patients with a normal thiopurine S-methyltrans-
ferase (TPMT) genotype are known to shunt mercaptopurine
metabolism in favor of 6-methylmercaptopurine (6-mMP)
production (shunters), resulting in higher TPMT activity,
low 6-TGN, and high 6-mMP levels [5, 12, 14, 15].

The primary aim of this study was to prospectively
observe a group of pediatric patients with Crohn’s disease
(CD) on combination therapy in order to find suitable 6-TGN
cutoff levels in RBCs associated with the optimal serum
infliximab trough levels and the absence of anti-IFX. Sec-
ondary aims were to investigate azathioprine metabolites as
potential predictors of relapse, to reveal non-adherence to
azathioprine therapy, to reveal ‘shunters’, and to evaluate
the possible relationship between infliximab, anti-IFX, and
6-TGN levels to clinical and laboratory markers of disease
activity.

AZA

TPMT M X0

6-mMP 6-MP ———  TUA

HGPRT

v

6-TGN

Fig. 1 Simplified scheme of AZA metabolism. AZA, after its absorp-
tion from the gut, is quickly converted into 6-MP. 6-MP is then
metabolized producing 6-TGN, 6-mMP and TUA. The proportion
of end products varies interindividually. 6-TGN is considered to be
the therapy effector, whereas 6-mMP and TUA “only” side products.
TPMT plays an important role in the final 6-TGN vs 6-mMP ratio,
other factors including other enzymes’ activity interfere with the final
6-TGN levels [6, 7]. 6-mMP 6-methyl mercaptopurine, 6-MP 6-mer-
captopurine, 6-TGN 6-thioguanine nucleotide, AZA azathioprine,
HGPRT hypoxanthine-guanine phosphoribosyltransferase, TPMT
thiopurine methyltransferase, TUA thiouric acid, XO xanthine oxidase
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2 Material and Methods
2.1 Ethical Clearance

The protocol for this prospective, longitudinal, multicenter,
observational study was approved by the Ethics Commit-
tees of the University Hospital Motol and the 2nd Medical
Faculty of Charles University in Prague, the Czech Republic.
Written informed consent was obtained from all patients and
guardians before study enrollment.

2.2 Patients and Medication

All eligible patients (N = 63) who were treated at the Uni-
versity Hospital Motol between January 2016 and June 2017
and Olomouc University Hospital between August 2016 and
July 2017 for CD and who fulfilled the inclusion criteria
were included. Inclusion criteria to participate in the present
study were as follows: previous diagnosis of CD based on
Porto criteria or revised Porto criteria [16]; 2—-18.9 years
old at time of enrollment; treated with combination therapy
of infliximab and azathioprine for a minimum of 3 months;
and informed consent of a guardian (or of patient if 18 years
of age or older). Exclusion criteria were as follows: unavail-
able laboratory data on infliximab and azathioprine from
at least one timepoint of combination therapy; pregnancy;
and unwillingness of patient or guardian to continue in the
study. Patients were included as soon as they fulfilled the
inclusion criteria. Data and blood samples were collected
prospectively at repeated visits during the follow-up period.
Only observations reporting both thiopurine metabolite lev-
els and infliximab serum levels were used for data analysis
(if either of the data were missing, the observation was not
considered). Details on recruitment and patient flow are pre-
sented in Fig. 2.

Disease activity was defined both clinically (Weighted
Pediatric Crohn’s Disease Activity Index [WPCDAI]) [17,
18] and through using laboratory markers (C-reactive pro-
tein [CRP], leukocyte count, platelet count, erythrocyte
sedimentation rate [ESR], and fecal calprotectin [F-CPT]).
Optimization of azathioprine dose as well as infliximab
dose and/or application interval (shortened when considered
necessary) was allowed during the study period (based on
the decision of the treating physician). The infliximab dose
was escalated with either patient’s weight gain or in case of
suspected insufficient effect of therapy (based on clinical
and/or laboratory signs). Endoscopy was performed in case
of the suspicion of loss of response to therapy (LOR, as
defined in section 2.2.1). Patients’ infliximab and anti-IFX
levels were uncovered to the treating physician only when
demanded due to unsatisfactory patient status, thus were not
the primary treatment target (no proactive therapeutic drug
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Fig.2 Recruitment and patient
flow. We used 321 observations
for data analysis. Evaluation

of adherence to AZA therapy
was performed on a cluster

(63 patients)

328 observations included

of 295 observations (patient
visits). AZA azathioprine, IFX I

IFX levels unavailable: 7 observations

infliximab, TPMT thiopurine
methyltransferase

v

321 observations used for analysis

TPMT homozygous: 0 observations

v

TPMT heterozygous: 16 observations

Shunters: 11 observations

v

v

295 observations in TPMT
dominant homozygous, non-
shunters to evaluate adherence

monitoring was performed). If cessation of infliximab or
azathioprine therapy was required, patients were followed
up only until the last dose was administered. At 19 years
of age, patients were transferred to adult care and were no
longer followed up in the present study.

The TPMT gene was screened for known polymorphisms.
Patients were divided into subgroups according to their
TMPT genotype. Shunters cannot be spotted by routine
screening of the TPMT gene, thus patients in our study were
considered shunters if the 6-mMP RBC levels were 11 times
higher than 6-TGN RBC levels [5]. Patients with TPMT het-
erozygous genotype and suspected shunters were excluded
from the analysis of adherence to thiopurine therapy (Fig. 2).

2.2.1 Survival Study Subpopulation—The Incidence of Loss
of Response to Infliximab Therapy Regarding 6-TGN
Levels

In patients followed up at University Hospital Motol
(N = 51), clinical outcome regarding their possible LOR
to infliximab therapy was recorded. LOR was defined as
the requirement for a major change in therapy (switch or
swap to other biologic agents or surgical procedures, such

as ileocecal resection) after the ineffectiveness of inflixi-
mab was suspected. The decision to change therapy was
made by the treating physicians based on clinical, labora-
tory, and/or endoscopic disease activity. Therefore, LOR
was evaluated prospectively. Minor changes in infliximab
treatment—dose or interval adjustments—were not classi-
fied as LOR. Data obtained from the Motol subpopulation
were used to evaluate the LOR by survival analysis (survival
study subpopulation).

2.3 Samples and Laboratory Methods

Blood and stool samples and clinical data were prospec-
tively collected at the repeat visits (during which infliximab
was administered). The interval between infliximab infu-
sions (and thus visits) ranged from 4 to 8 weeks, based on
the decision of the attending physician. Blood samples were
taken prior to infliximab administration.

Standard blood tests (blood count parameters—RBC
count, leukocyte count and differential, thrombocyte
count, hemoglobin; ESR; serum parameters—CRP, lipase,
y-glutamyl transferase, alanine-aminotransferase, aspartate
aminotransferase, albumin) were performed routinely. Serum
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infliximab trough levels and anti-IFX levels were assessed
using the infliximab ELISA test (TANI Medical, Ankara,
Turkey). Anti-IFX levels above 5 AU/mL were considered
positive. If a stool sample was available, F-CPT was deter-
mined using the EliA Calprotectin 2 test (Thermo Fisher
Scientific, Phadia AB, Uppsala, Sweden).

2.4 Measurement of Thiopurine Metabolites

Whole blood was collected from each patient into ethylen-
ediaminetetraacetic acid (EDTA) tubes, and hematocrit and
RBC counts were subsequently determined. Immediately
after sampling, the blood was centrifuged, plasma and leu-
kocytes were removed, and RBCs were washed twice. RBCs
were then diluted (1:1) with an equal volume of water and
frozen at —20 °C until determination of thiopurine metabo-
lites. The sample preparation protocol was adopted from
Dervieux and Boulieu [19-21]. Samples were analyzed
by Agilent 1100 high-performance liquid chromatography
equipped with a multi-wavelength detector.

2.5 Data Analyses

Collected data were analyzed using R statistical software
(version 3.5.2, https://cran.r-project.org/bin/windows/base/
0ld/3.5.2/). For repeated measurements, linear mixed model
(LMM) and generalized linear mix model (GLMM) analyses
were performed using packages Ime4 and ImerTest. If not
mentioned otherwise, all included results with all included
patients were used for analysis.

The TPMT normal activity subgroup (patients with two
wild-type alleles in the TPMT gene according to routine
TPMT gene screening), was tested separately when assess-
ing TPMT activity and association with metabolite levels.
To assess changes in blood count parameters (leukocyte,
neutrophil, lymphocyte, and platelet counts), LMMs were
performed using 6-TGN RBC levels, infliximab trough
levels, CRP, sex, and age as predictors. 6-TGN RBC levels
or azathioprine daily dose adjusted to body weight (BW),
serum albumin, CRP, wPCDAI, and BW-adjusted infliximab
dose and calculated to 8-week dose together with sex, age,
and time on infliximab therapy were chosen as predictors for
models assessing the association with infliximab and anti-
IFX levels. We chose those parameters to primarily evaluate
the assumed association between 6-TGN RBC levels and
infliximab or anti-IFX levels with potential predictors.

6-TGN cutoff values of 125 pmol/8 x 108 RBCs and
230 pmol/8 x 108 RBCs were chosen and tested separately
in each model using 6-TGN as a categorical variable. After
consideration of the selected parameters and sensitivity
of the chosen laboratory method, levels of 6-TGN under
60 pmol/8 x 108 RBCs were considered undetectable. For
the adherence assessment, undetectable assessments were
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assigned only to those samples in which both 6-TGN and
6-mMP levels were lower than the detection limit of the
method (the 6-mMP detection limit was 500 pmol/8 x 108
RBCs). 6-TGN levels above 430—450 pmol/8 x 10® RBCs
were considered toxic with respect to risk of leukopenia and
6-mMP levels above 5700 pmol/8 x 108 RBCs were consid-
ered relevant with respect to hepatopathy [12, 22].

When considering disease activity markers as categorical
variables, remission was defined as CRP < 5 mg/L, ESR
< 20 mm/h, F-CPT <100 pg/g, or wPCDAI < 12.5 points
(tested separately if not mentioned otherwise). For the pur-
poses of using infliximab as categorical variables, 3 pg/mL
and 5 pg/mL (preferred) cutoffs were used [23-26].

To determine the optimum cutoff values for inflixi-
mab trough levels regarding CRP-based remission (CRP
<5 mg/L), respective receiver operating characteristic
(ROC) curves were plotted (package pROC). For repeated
measurements (one patient—potentially multiple observa-
tions), we calculated the area under the curve using cross-
validated area under the ROC curve estimates for pooled
repeated measures data (R package “cvAUC”).

Survival analysis (presented as a Kaplan-Meier plot) was
performed to assess the risk of LOR according to 6-TGN
levels (using package survplot). Hazard ratio (HR) was
also calculated for each of the survival analysis subgroups
separately.

All plots were constructed using the R package ggplor2.

3 Results
3.1 Study Population

In total, 63 patients were included in the present study (19%
females, aged 6.7-18.8 years, 3 patients TPMT heterozy-
gous; Table 1), comprising laboratory measurements from
328 visits. Seven visits were excluded from analysis due to
the unavailability of infliximab data; thus, 321 observations
were used in the final analyses (Fig. 2). While azathioprine
is usually introduced prior to infliximab therapy, in three
patients (totaling 16 observations), azathioprine therapy
was added after infliximab therapy was initiated. Labora-
tory results (medians and interquartile ranges) are shown
in Table 1. F-CPT was available only in 231 observations.

3.2 Primary Outcome: Optimal 6-TGN Cutoff

An association between serum infliximab levels and 6-TGN
RBCs levels was observed when 6-TGN levels were ana-
lyzed as categorical variables using a previously suggested
cutoff of 230 pmol/8 x 10% (LMM, adjusted model; N = 321;
95% CI 0.036-3.149; p = 0.047) but not when the 6-TGN
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Table 1 Characteristics of the study population

At enrolment/first visit
(N =63)

Overall visits (N = 321)

Last visit (N = 63)

Median number of visits per one patient (range) 5(1-12)
Motol/Olomouc hospital 51/12 243/78 51/12
Female gender (%) 19 (33.8) 87 (27.1) 19 (33.8)
Median age (range), y 15.6 (6.7-18.8) 15.6 (6.7-19.0) 16.6 (7.1-19.0)
Median time with IBD (range), mo 28 (5-97) 34 (5-114) 39 (5-114)
Median time on AZA (range), mo 25 (5-97) 32 (5-114) 38 (5-114)
Median time on IFX (range), mo 14 (3-73) 21 (3-84) 26 (3-84)
Receiving mesalamine (%) 6(9.7) 41 (7.8) 5(7.9)
History of ileocecal resection (%) 12 (19.3) 64 (19.9) 13 (20.6)
Frequency of TPMT heterozygosity (%) 34.8) 16 (4.9) 3(4.8)
TPMT heterozygous

Median AZA dose (range), mg/kg/d 0.8 (0.5-1.2) 0.7 (0.5-1.2) 0.7 (0.5-1.1)
TPMT dominant homozygous

Median AZA dose (range), mg/kg/d 1.7 (0.4-2.6) 1.6 (0.4-2.6) 1.6 (0.4-2.5)
Median IFX dose (IQR), mg/kg 5.4 (4.9-6.3) 5.4 (4.9-6.3) 5.6 (5.0-5.9)
Median IFX administration interval (IQR), wk 8 (7-8) 8 (6-8) 8 (6-8)
Median IFX dose adjusted to administration interval 5.6 (4.9-6.7) 5.9 (5.1-7.9) 6.1 (5.3-8.0)

(IQR), mg/kg/8w

Sixty-three patients were included, from which 321 observations were used for analysis. TPMT heterozygous were rare among included patients

AZA azathioprine, /IBD inflammatory bowel disease, /FX infliximab, /QR interquartile range, TPMT thiopurine methyltransferase

cutoff of 125 pmol/8 x 10® was used (LMM, adjusted model;
N=321;95% CI — 0.161 to 3.402; p = 0.085). Using ROC
curves, the optimum 6-TGN cutoff for predicting infliximab
>5 pg/mL was 278 pmol/8 x 10® RBCs (cross-validated
ROC; N =321; AUC 0.533; 95% CI 0.469-0.596; sensitiv-
ity 0.799, specificity 0.347) (Fig. 3a). For infliximab >3 pg/
mL, ROC curves revealed a promising 6-TGN cutoff of
116 pmol/8 X 108 RBCs (cross-validated ROC; N = 321,
AUC 0.535; 95% CI 0.465-0.605; sensitivity 0.819, specific-
ity 0.342) (Fig. 3b). No significant association was observed
between anti-IFX antibody levels and 6-TGN RBCs levels,
even when previously proposed 6-TGN cutoffs (230 and
125 pmol/8 x 10® RBCs) were tested.

3.3 Secondary Outcomes
3.3.1 Loss of Response to Infliximab Therapy

In the survival analysis subgroup (N = 53), seven patients
experienced relapse during their follow-up in the present
study and needed a major change in the therapy (discon-
tinuation of infliximab resulting in switch or swap or sur-
gical procedure) and thus were marked as LOR. Patients
were divided into two subgroups regarding 6-TGN levels—
patients with 6-TGN RBC levels under the detection limit
(undetectable levels) and those with detectable levels. A sig-
nificantly higher relapse rate was observed in the subgroup

of patients with undetectable (N = 12, HR 4.71; 95% CI
1.05-21.11) 6-TGN levels, than in patients with detectable
(N =39, HR 0.212; 95% CI 0.047-0.951) 6-TGN RBC
levels (survival analysis; N = 51; undetectable vs detect-
able; p = 0.026). However, for 6-TGN cutoffs of 230 or
125 pmol/8 x 10® RBCs, the difference was not significant.
The Kaplan—Meier curve and the associated risk table are
shown in Fig. 4. Characteristics of this study subgroup are
shown in Table 2.

3.3.2 Infliximab Levels and Antibody Formation

No association was found between serum infliximab levels
and 6-TGN levels in RBCs (both tested as continuous vari-
ables), not even when adjusted for variables selected accord-
ing to their clinical relevance (infliximab levels adjusted to
8-week intervals, anti-IFX levels, albumin serum levels, age at
sample collection, and duration of therapy). Infliximab trough
levels were positively associated with patient age at the time
of sample collection (LMM; N = 321; 95% CI 0.233-0.971,
p = 0.003), but not with the duration of combination therapy.
No significant association was observed between 6-TGN and
infliximab trough levels when a subgroup of patients with
an 8-week interval of infliximab administration was tested
alone (LMM, adjusted model; N = 192; 95% CI — 0.0007 to
0.0113; p = 0.096). Detailed results are presented in Table 3.
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Fig.3 ROC curves suggesting the best 6-TGN cutoff predicting IFX
>5 ug/mL (a) and 3 pg/mL (b). IFX trough levels 5 ug/mL or higher
were previously reported to be optimal for the treatment of inflam-
matory bowel diseases [23-26]. According to our data analysis, when
predicting IFX >5 pg/mL, the best 6-TGN cutoff seemed to be (cross-
validated ROC analysis) 278 pmol/8 x 108 RBCs. 6-TGN 6-thiogua-
nine nucleotide, IFX infliximab, RBCs red blood cells, ROC receiver
operating characteristic

Positive anti-IFX levels (>5 AU/mL) were detected in seven
observations.

3.3.3 Adherence, Thiopurine Metabolite Levels,
and Azathioprine-Related Adverse Events

The median levels of thiopurine metabolites, infliximab, and
anti-IFX are reported in Table 4 (no TPMT recessive homozy-
gous cases were included). We suspected shunters in 11 obser-
vations, which were excluded from the adherence analysis.
Thus, adherence to thiopurine therapy was studied in a sub-
group of patients from which patients with TPMT heterozy-
gous genotype and suspected shunters were excluded (Fig. 2,
N = 295 observations). 6-TGN levels <125 pmol/8 x 10®
RBCs were detected in 76 out of 295 (26%) visits. In 17 out of
76 low 6-TGN observations (6% of total number), azathioprine
daily doses < 1 mg/kg were prescribed, resulting in suspected
underdosing. In the remaining 59 observations (20% of total
number), non-adherence to therapy was considered probable.

A significant association between prescribed azathio-
prine daily dose adjusted for BW and 6-TGN was recorded
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in TPMT-dominant homozygous patients (LMM; N = 305;
95% CI 67.09-159.19; p < 0.001). 6-mMP levels were found
to be strongly positively correlated with 6-TGN levels in
TPMT dominant homozygous patients (LMM; N = 305;
95% CI 2.970-4.439; p < 0.001), and to BW-adjusted aza-
thioprine daily dose (LMM; N = 305; 95% CI 224.4-853.7,
p =0.001). Six patients (comprising 44 visits) received oral
mesalamine, but no significant association between mesa-
lamine administration and 6-TGN or 6-mMP levels was
observed. No azathioprine-induced adverse events were
recorded.

6-mMP levels > 5700 pmol/8 x 108 RBCs were detected
during only two visits (comprising one patient); normal liver
transaminase (AST, ALT, or GGT) levels were observed in
both instances. No cases of severe cytopenia were reported.
However, a negative association between 6-TGN RBC lev-
els and lymphocyte count was observed (LMM; N = 321;
95% CI — 0.0013 to — 0.0006; p < 0.001). In addition, the
absolute neutrophil count was negatively associated with
infliximab serum levels (LMM; N = 321; 95% CI — 0.061
to — 0.016; p = 0.001). However, absolute neutrophil count
was not associated with the RBC levels of 6-TGN or aza-
thioprine daily dose adjusted to BW.

3.3.4 Disease Activity Markers and Association
with Thiopurine Metabolites and Infliximab Trough
Levels

No association between CRP levels and 6-TGN levels was
observed. However, there was a trend observed in associa-
tion between CRP levels and infliximab levels, but not reach-
ing statistical significance (LMM; N = 320; 95% CI — 0.216
to 0.015; p = 0.09). When CRP was tested as a categori-
cal variable (less or higher than 5 mg/mL), the significance
of the association with infliximab levels slightly increased
(LMM; N = 320; 95% CI — 0.00007 to 0.015; p = 0.05). The
significance increased even more when both CRP and inflixi-
mab levels (cutoff 5 pg/mL) were tested as categorical vari-
ables (LMM; N = 320; 95% CI 0.032-0.168; p = 0.004). No
association was observed between other clinical (WPCDAI)
or laboratory (ESR or F-CPT) markers and either infliximab
or 6-TGN levels.

4 Discussion

4.1 Optimal 6-TGN Cutoff and Loss of Response
to Infliximab Therapy

The optimal 6-TGN cutoff in pediatric patients concomi-
tantly treated with biological agents (e.g., infliximab) for
CD remains unknown. To simplify this evaluation for clini-
cians, we have attempted to determine a 6-TGN cutoff level
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Fig.4 Survival (Kaplan-Meier) curve showing the risk of LOR
according to 6-TGN levels. LOR was observed in seven patients dur-
ing follow-up. Fifty-one patients (survival study population) were
divided into two subgroups using the detection limit of the laboratory
method of 6-TGN levels as a cutoff—patients with undetectable (light
grey) levels and patients with detectable levels (dark grey). In the
subgroup of patients with zero 6-TGN levels, a significantly higher
relapse rate was observed than in patients with detectable 6-TGN

Table 2 Characteristics of the survival study subpopulation (N = 51)

Female gender (%) 19 (37.3)

15.8 (6.7-18.8)
16.6 (7.1-19.0)
Median length of follow-up (range), m 11 (0-18)
Overall LOR count during follow-up (%) 7

Median 6-TGN RBC levels on last visit (IQR), 160 (100-224)
pmol/8 x 108 RBCs

Non-LOR (N = 44) 166 (115-231)
LORWN=17) 0 (0-149)
Median IFX trough levels on last visit 1QR), ug/mL 6.2 (3.8-8.6)
Non-LOR (N = 44) 6.4 (4.5-9.5)
LORWN=17) 4.1 (3.0-8.2)

Median age on first visit (range), y
Median age on last visit (range), y

Data obtained from patients followed up at the University Hospital
Motol were used to evaluate LOR. For this purpose, LOR was defined
as the requirement for a major change in therapy based on the deci-
sion of the treating physician. In the subgroup of patients with 6-TGN
levels under the detection limit (undetectable levels), a significantly
higher relapse rate was observed compared with those with detect-
able 6-TGN RBC levels (survival analysis; N = 51; p = 0.026). The
Kaplan—Meier curve and the associated risk table are presented in
Fig. 3

6-TGN 6-thioguaninenucleotide, /FX infliximab, LOR loss of
response to therapy, RBC red blood cell

“Levels under the detection limit of the method are considered as
undetectable or ‘zero’ (‘0’)

Time [years]

RBC levels (survival; N = 51; p = 0.026). However, for 6-TGN cut-
offs of 230 or 125 pmol/8 x 10° RBCs, the difference was not signifi-
cant. LOR was defined as the requirement for a major change in ther-
apy (switch or swap to other biologic agents or surgical procedures)
after the ineffectiveness of IFX was suspected—based on the decision
of the attending physician. 6-TGN 6-thioguanine nucleotide, LOR loss
of response to therapy, RBC red blood cell

predicting higher infliximab levels (and thus, as expected,
better outcomes).

In previous studies, trough levels of infliximab > 5 pg/mL
were reported to be optimal for the treatment of inflamma-
tory bowel diseases [23-26]. In adult patients, effective aza-
thioprine doses appear to be lower in combination therapy
than in monotherapy [27, 28]. Furthermore, effective levels
of 6-TGN may also be lower in combination therapy [8, 9].
To demonstrate this hypothesis in the pediatric population,
we first set and tested a 6-TGN cutoff of 125 pmol/8 x 108
RBCs. In our study, the potential association between inflixi-
mab levels and 6-TGN observed for this cutoff did not reach
statistical significance. However, the significance increased
slightly with a 6-TGN cutoff of 230 pmol/8 x 10® RBCs.
Based on a ROC analysis to predict infliximab levels >5 pg/
mL, the best 6-TGN cutoff was 278 pmol/8 x 10% RBCs. It
is unlikely that this phenomenon is mediated through the
formation of anti-IFX as in our cohort the positivity of anti-
IFX was rare. Moreover, this is the first study proposing a
6-TGN cutoff for children on combination therapy for CD,
and even in adults the data are scarce—the 125-pmol/8 X
10® RBCs 6-TGN cutoff has been demonstrated only in one
cross-sectional study [9]. The reason why effective 6-TGN
levels on combination therapy seem to be higher in the pedi-
atric population than in adults is unclear and needs further
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Table 3 Association of IFX trough levels and multiple study variables according to LMM (N = 321)

Estimate (beta) 95% C1 p value
1 6-TGN levels (as cont. variable) 0.003 —0.002 0.008 0.29
| Anti-IFX levels —-0.204 —0.381 —0.029 0.029*
1 IFX dose adjusted to 8-w interval 0.962 0.659 1.254 < 0.001*
1 Albumin serum level 0.269 —0.051 0.488 0.016*
1 Age at visit (y) 0.603 0.233 0.971 0.003*
1 Time on IFX (m) 0.031 —0.026 0.087 0.304

No association between 6-TGN and IFX levels was observed when both were tested as continuous variables. IFX trough levels were found to be
positively associated with patient age at the time of sample collection, but not with the duration of combination therapy

Bold font indicates statistical significance

6-TGN 6-thioguanine, /FX infliximab, LMM linear mixed model, m months, w weeks, y years

Table 4 Laboratory results and wPCDAI collected at enrollment, during repetitive visits and on the last visit with respect to administered medi-
cation, its effect and possible adverse events and disease activity

At enrolment/first visit

(N =63)

Overall visits (N = 321)

Last visit (N = 63)

Median 6-TGN levels (IQR), pmol/8 x 10 RBCs

229 (138-296)

204 (124-284)

165 (85-224)

6-TGN levels above 125 pmol/8 X 10° RBCs (%) 48 (76) 240 (75) 41 (65)
6-TGN levels above 250 pmol/8 X 10® RBCs (%) 21 (33) 134 (42) 12 (19)
Median 6-mMP levels (IQR), pmol/8 x 108 RBCs 385 (159-814) 357 (139-761) 215 (0-465)
Median IFX serum levels (IQR), ug/mL 4.0 (2.1-6.8) 4.7 (2.4-8.0) 5.6 (2.8-8.5)
Median anti-IEX serum levels (IQR), AU/mL 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1(0.8-1.1)
Median wPCDAI (IQR) 2.5 (0-5) 0 (0-5) 0 (0-5)
Laboratory results
Median serum albumin level (IQR), g/L 44.8 (42.7-47.4) 44.8 (43.2-46.6) 45.0 (43.4-46.7)
Median serum CRP level (IQR), mg/L 0.7 (0.5-2.0) 0.7 (0.5-2-4) 0.7 (0.5-2.2)
Median hemoglobin level (IQR), g/L 135 (125-149) 137 (128-146) 137 (127-146)
Median WBC count (IQR), x 10°/L 6.2 (5.3-7.2) 5.9 (5.1-7.0) 5.9(5.1-6.9)
Median platelet count (IQR), x 10'%/L 339 (279-370) 321 (272-363) 301 (263-349)
Median neutrophil count (IQR), x 10%/L 3.32.644 3.3.7-4.1) 3.3 (2.7-4.0)
Median lymphocyte count (IQR), x 10°/L 1.6 (1.4-2.1) 1.6 (1.4-2.0) 1.7 (1.4-2.0)
Median ESR (IQR), mm/h 20 (9-34) 18 (9-34) 10 (4-15)
Median F-CPT level (IQR), g/kg 203 (42-716) 189 (50-705) 182 (48-691)
N=44 N =226 N=40

6-TGN levels <125 pmol/8 X 10% RBCs were detected in 25% observations. The observed median IFX serum level was 4.7 pg/mL (overall vis-
its). No leukopenia, thrombopenia or anemia (as potential adverse events) were spotted

6-mMP 6-methylmercaptopurine, 6-TGN 6-thioguaninenucleotide, anti-IFX anti-infliximab antibodies, CRP C-reactive protein, ESR erythrocyte
sedimentation rate, F-CPT fecal calprotectin, /QR interquartile range, RBCs red blood cells, WBC white blood cell, wPCDAI weighted Pediatric

Crohn’s disease activity index

research, going deeper into the pathophysiology of azathio-
prine metabolism and pharmacokinetics.

Our results did not confirm the previous findings report-
ing lower optimal levels for combination therapy, when
sufficient or higher levels of infliximab were considered
the therapy target. However, it is questionable whether we
should aim for cutoffs for pharmacokinetics only or base
our decisions on clinical outcomes. In clinical practice,
predicting LOR might be of even greater importance than
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predicting ‘optimal’ infliximab levels alone. According
to our survival analysis, 6-TGN levels <60 pmol/8 x 108
RBCs (undetectable) were found to be positively associated
with higher LOR rates in the study cohort. Thus, according
to our data, when considering the clinical outcome, target
6-TGN levels appear to be much lower than those previ-
ously reported in adults. When we look closer at the results,
we can easily conclude that those patients with undetect-
able 6-TGN levels mimic those treated with infliximab in



Monitoring Thiopurines in Child Combination Therapy

191

monotherapy who do not receive azathioprine (or any other
immunomodulator) at all (anymore). In our study, LOR is
described as a need for major change in therapy (switch or
swap of infliximab; thus, infliximab discontinuation or the
need for surgery). It has been previously published that chil-
dren with CD are more likely to remain on infliximab when
receiving an immunomodulator (such as azathioprine or oth-
ers) concomitantly [29, 30]. Thus, it is not surprising that
patients with undetectable 6-TGN levels are more prone to
LOR leading to infliximab discontinuation.

A model for predicting low 6-TGN levels has recently
been published. Thus, even clinicians who do not have
access to routine thiopurine metabolite measurements may
benefit from considering 6-TGN levels as categorical vari-
ables [31].

An association was observed between infliximab and
CRP only when they were both tested as categorical vari-
ables, but no association was revealed between CRP and
6-TGN. We did not prove an association between other dis-
ease activity markers (WPCDAI, F-CPT, and ESR) and either
infliximab levels or 6-TGN levels. Thus, this may suggest a
potential direct effect of azathioprine that is not mediated
via infliximab pharmacokinetics. However, the design of our
study was not appropriate to evaluate these associations as
the majority of patients were in stable remission during the
study—there were basically no patients with wPCDAI >12.5
points included in our study, and median CRP was quite
low (0.7 mg/L) as well. Some F-CPT results were missing,
which made the chance to detect a significant association
with infliximab and/or 6-TGN levels even smaller. A larger
and possibly more heterogenic study cohort would be needed
to confirm (or refute) our observations.

4.2 Infliximab Levels and Antibody Formation

We revealed an association between infliximab levels and
patient age (at the time of sample collection), but not with
the duration of therapy. These results are in accordance
with previously published data suggesting that intensified
infliximab dosing is required in younger children to achieve
adequate trough levels [32, 33]. At the time of our study, we
did not have a proactive strategy in infliximab therapeutic
drug monitoring; thus, some of our younger patients may
have only achieved lower infliximab levels after standard
dosing based on clinical decisions.

The association of infliximab trough levels with inflixi-
mab dose adjusted to an 8-week interval is not surprising
as it was previously shown that both dosage and interval of
infliximab are highly associated with infliximab pharma-
cokinetics [33-35]. The observed association of infliximab
trough levels with albumin serum levels has also been previ-
ously well described [35-37].

An advantage of combination therapy, in comparison with
infliximab monotherapy, is the added protection against anti-
IFX production [1, 38], although this is thought to depend on
6-TGN levels [9]. In contrast to what has been published, we
did not find an association between 6-TGN levels and anti-
IFX levels. Our results might be (at least partially) biased
by the fact that only a few patients developed high anti-IFX
levels during follow-up. To confirm (or refute) this hypoth-
esis, a larger pediatric study cohort is required.

4.3 Adherence, Thiopurine Metabolite Levels,
and Azathioprine-Related Adverse Events

We suspected nonadherence in 20% of observations, which
is lower than what has been previously reported [39].
Despite the supposedly nonadherent patients included in
our study, a significant correlation between prescribed
azathioprine daily dose adjusted to BW and 6-TGN levels
was observed. When azathioprine treatment is initiated, it
takes about 55 days to reach stable thiopurine metabolite
concentrations in RBCs [40]. Thus, it is highly probable
that the amount of time required for the concentration of
thiopurine metabolites in RBCs to reach zero (or undetect-
able levels) in non-adherent patients is not insignificant.
We assume that infrequent skipping of azathioprine doses
is difficult to observe from an assessment of 6-TGN and
6-mMP levels. It is likely to be even more difficult when
the 6-TGN nonadherence cutoftf is set to a low value due
to the relatively low recommended azathioprine daily dose
(1-1.5 mg/kg) used in combination therapy [27]. More-
over, some of our patients are considered ‘underdosed’
with azathioprine daily doses < 1 mg/kg because in our
center, we do not usually increase the dose of azathio-
prine following weight gain in young patients receiving
combination therapy if the patient is in clinical and labo-
ratory remission. This effectively complicates the mean-
ing of nonadherence in a subgroup of patients with low
doses. Although it is likely that not all of the nonadherent
patients were identified, thiopurine metabolite monitoring
still seems to be useful in evaluating adherence to thiopu-
rine therapy.

Due to the small number of patients with TPMT het-
erozygous genotype included in our study, we were not
able to study this subgroup separately. The percentage of
TPMT heterozygous patients included in our study did not
correspond to what would have been expected from a con-
sideration of the whole population [6]. We may have lost
to our study some of the potentially suitable TPMT het-
erozygous patients due to azathioprine intolerance (before
the study started). Thus, azathioprine side effects may have
led to azathioprine discontinuation months or even years
before the study started. In addition, we revealed five sup-
posed shunters (11 observations; Fig. 2). If the present

A\ Adis



192

K. Pospisilova et al.

therapy had proved ineffective in these patients, adding
allopurinol into the therapy may have made their treatment
more efficient [13, 14, 41-43].

We did not observe any azathioprine-related adverse
events. This was probably (at least partially) because
all our patients had been on combination therapy for
> 3 months before inclusion in the study. Thus, because
idiosyncratic adverse events are more likely to occur at
the beginning of therapy (and may potentially be respon-
sible for azathioprine discontinuation), patients experienc-
ing azathioprine-related adverse events were likely not
included in the study simply because they stopped taking
azathioprine before fulfilling the 3-months-or-more crite-
ria. Moreover, dose-dependent adverse events were less
likely to be observed because of the relatively low dose of
azathioprine administered (as previously discussed).

4.4 Limitations and Strengths of the Study

Some observations had to be excluded because of missing
data. Patients were included after different periods of time
on combination therapy and this may have affected the out-
comes. Finally, some subgroups were under-represented
(e.g., shunters, TPMT intermediate metabolizers, 5-ASA
co-administrated, history of CD-related surgery).

The main advantages of our study include the compre-
hensive multicentric cluster of patients, the prospective
design, and the use of well-known reliable methodolo-
gies for thiopurine metabolite measurements. Because of
the great deal of data collected, we were able to study
many aspects of combination therapy in children, includ-
ing predictors.

5 Conclusions

As undetectable levels of 6-TGN seem to be associated with
loss of response on combination therapy, thiopurine metabo-
lite monitoring could be useful when optimizing combina-
tion therapy and assessing treatment adherence in clinical
practice.

Declarations

Funding This work was supported by Ministry of Health (Czech
Republic) funding for the conceptual development of research organi-
zations [00064203, University Hospital Motol, Prague, Czech Repub-
lic, and 0098892, University Hospital, Olomouc, Czech Republic], and
the OP VVV ENOCH [CZ.02.1.01/0.0/0.0/16_019/0000868].

Disclosure of potential conflicts of interest Pospisilova K: lectures/

congress fees/consultancy (outside submitted work)—MSD, Nutri-
cia, Nestlé and Mead Johnsons; Karaskova E: lectures/congress fees/

A\ Adis

consultancy (outside submitted work)—MSD, AbbVie, Nutricia, and
Nestlé; Hradsky O: lectures/congress fees/consultancy (outside sub-
mitted work)—MSD, AbbVie, Nutricia, Nestlé, Ferring, and Falk;
Lerchova T: lectures/congress fees/consultancy (outside submitted
work)—Nutricia, Ferring and Biocodex; Zarubova K: lectures/con-
gress fees/consultancy (outside submitted work)—Nutricia and Nestlé;
Velganova-Veghova M: congress fees/consultancy (outside submitted
work)—MSD, AbbVie, Nutricia, and Nestlé; Bronsky J: lectures/
congress fees/consultancy (outside submitted work)—MSD, AbbVie,
Nutricia, Nestlé, Ferring, Biocodex, and Walmark; Gonsorcikova L,
Francova I, Geryk M, Copova I, Mihal V, Siroka J, and Urbanek L
report no conflicts of interest.

Ethics approval The protocol for the observational study was approved
by the Ethics Committees of the University Hospital Motol and the 2nd
Medical Faculty of Charles University in Prague.

Informed consent Written informed consent was obtained from legal
guardians before study enrollment.

Consent for publication Non applicable.

Study registration The study has been registered retrospectively in the
ENCePP registry (encepp.eu), it can be found under the registration
number EUPAS38918. Registered on 12 January 2021.

Data availability The datasets analyzed during the current study are
available from the corresponding author on reasonable request.

Code availability The code is available from the corresponding author
on reasonable request.

Author contributions PK: study design, literature search, data col-
lection, patient recruitment, thiopurine metabolite measurement, data
analysis, manuscript writing; SJ: data collection, thiopurine metabolite
measurement and laboratory supervision, manuscript critical revision;
KE: data collection, patient recruitment, manuscript critical revision;
HO: study design, data analysis and interpretation, manuscript criti-
cal revision; LT: study design, data collection, patient recruitment,
manuscript critical revision, ZK: data collection, patient recruitment,
manuscript critical revision; CI: data collection, patient recruitment,
manuscript critical revision; GL: data collection, patient recruitment,
manuscript critical revision; V-VM: data collection, patient recruit-
ment, manuscript critical revision; FL: data collection, infliximab levels
and antibodies measurement supervision, manuscript critical revision;
UL: thiopurine metabolite measurement—method optimization, data
collection, manuscript critical revision; GM: data collection, patient
recruitment, manuscript critical revision; Mihal V: data collection,
supervision, manuscript critical revision; BJ: study design and super-
vision, literature search, manuscript writing. All authors read and
approved the final manuscript.

References

1. Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rachmilewitz D, et al. Infliximab, azathioprine,
or combination therapy for Crohn’s disease. N Engl J Med.
2010;362(15):1383-95.

2. Van Assche G, Magdelaine-Beuzelin C, D’Haens G, Baert F,
Noman M, Vermeire S, et al. Withdrawal of immunosuppression
in Crohn’s disease treated with scheduled infliximab maintenance:
arandomized trial. Gastroenterol. 2008;134(7):1861-8.



Monitoring Thiopurines in Child Combination Therapy

193

10.

11.

12.

13.

14.

15.

16.

17.

18.

Lichtenstein GR, Diamond RH, Wagner CL, Fasanmade AA,
Olson AD, Marano CW, Johanns J, et al. Clinical trial: benefits
and risks of immunomodulators and maitenance infliximab for
IBD-subgroup analyses across four randomized trials. Aliment
Pharmacol Ther. 2009;30(3):210-26.

Kierkus J, Iwanczak B, Wegner A, Dadalski M, Grzybowska-
Chlebowczyk U, Lazowska I, et al. Monotherapy with infliximab
versus combination therapy in the maintenance of clinical remis-
sion in children with moderate to severe Crohn disease. J Pediatr
Gastroenterol Nutr. 2015;60(5):580-5.

Dubinsky MC, Yang H, Hassard PV, Seidman EG, Kam LY,
Abreu MT, et al. 6-MP metabolite profiles provide a biochemical
explanantion for 6-MP resistance in patients with inflammatory
bowel disease. Gastroenterol. 2002;122:904—15.

Schaeffeler E, Fisher C, Dierk B, Wernet D, Klaus M, Eichelbaum
M, et al. Comprehensive analysis of thiopurine S-methyltrans-
ferase phenotype-genotype correlation in a large population of
German-Caucasians and identification of novel TPMT variants.
Pharmacogen. 2004;14:407-17.

Weinshilboum RM, Sladek SL. Mercaptopurine pharmacogenet-
ics: monogenic inheritance of erythrocyte thiopurine methyltrans-
ferase activity. Am J Hum Gen. 1980;32:651-62.

Roblin X, Williet N, Peyrin-Biroulet L. Thiopurine metabolism in
the era of combotherapy. Inflamm Bowel Dis. 2016;21(4):951-61.
Yarur AJ, Kubiliun MJ, Czul F, Sussman DA, Quintero MA, Jain
A, et al. Concentrations of 6-thioguanine nucleotide correlate with
trough levels of infliximab in patients with inflammatory bowel
disease on combination therapy. Clin Gastroenterol Hepatol.
2015;13(6):1118-24.

Osterman MT, Kundu R, Lichtenstein GR, Lewis JD. Association
of 6-thioguanine nucleotide levels and inflammatory bowel dis-
ease activity: a meta-analysis. Gastroenterol. 2006;130:1047-53.
Moreau AC, Paul S, Del Tedesco E, Rinaudo-Gaujous M,
Baukhadra N, Genin C, et al. Association between 6-thioguanine
nucleotides levels and clinical remission in inflammatory bowel
disease: a meta-analysis. Inflamm Bowel Dis. 2014;20:464-71.
Dubinsky MC, Lamothe S, Ying Yang G, Targan SR, Sinnett D,
Theoret Y, et al. Pharmacogenomics and metabolite measurement
for 6-mercaptopurine therapy in inflammatory bowel disease. Gas-
troenterol. 2000;118:705-13.

Ruemmelle FM, Veres G, Kolho KL, Griffiths A, Levine A,
Escher JC, et al. Consensus guidelines of ECCO/ESPHGAN on
the medical management of pediatric Crohn’s disease. J Crohns
Colitis. 2014;8:1179-207.

Sparrow MP, Hande SA, Friedman S, Cao D, Hanauer SB. Effect
of allopurinol on clinical outcomes in inflammatory bowel disease
nonresponders to azathioprine or 6-mercaptopurine. Clin Gastro-
enterol Hepatol. 2007;5:209-14.

Ansari A, Hassan C, Duley J, Marinaki A, Shobowale-Bakre EM.
Thiopurine methyltransferase activity and the use of azathio-
prine in inflammatory bowel disease. Aliment Pharmacol Ther.
2002;16:1743-50.

Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Rid-
der L, et al. ESPGHAN revised porto criteria for the diagnosis of
inflammatory bowel disease in children and adolescents. J Pediatr
Gastroenterol Nutr. 2014;58(6):795-806.

Turner D, Griffiths AM, Walters TD, Seah T, Markowitz J, Pfef-
ferkorn M, et al. Mathematical weighting of the pediatric Crohn’s
disease activity index (PCDAI) and comparison with its other
short versions. Inflamm Bowel Dis. 2012;18(1):55-62.

Hyams J, Markowitz J, Otley A, Rosh J, Mack D, Bousvaros A,
et al. Evaluation of the pediatric Crohn disease activity index: a
prospective multicenter experience. J Pediatr Gastroenterol Nutr.
2005;41(4):416-21.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Dervieux T, Boulieu R. Simultaneous determination of 6-thio-
guanine and methyl-mercaptopurine nucleotides of azathioprine
in red blood cells by HPLC. Clin Chem. 1998;44(3):551-5.
Hawwa AF, Millership JS, Colier PS, McElnay JC. Development
and validation of HPLC method for the rapid and simultane-
ous determination of 6-mercaptopurine and four of its metabo-
lites in plasma and red blood cells. J Pharmaceut Biomed Anal.
2009;49:401-9.

Dervieux T, Meyer G, Barham R, Matsutani M, Barry M, Boulieu
R, et al. Liquid chromatography-tandem mass spectrometry analy-
sis of erythrocyte thiopurine nucleotides and effect of thiopurine
methyltransferase gene variants on these metabolited in patients
receiving azathioprine/6-mercaptopurine therapy. Clin Chem.
2005;51(11):2074-84.

Fangbin Z, Xiang G, Liang D, Hui L, Xueding W, et al. Prospec-
tive evaluation of pharmacogenomics and metabolite measure-
ments upon azathioprine therapy in inflammatory bowel disease.
Medicine. 2016;95(15):e3326.

Vande Casteele N, Ferrante M, Van Assche G, Ballet V, Comper-
nolle G, Van Steen K, ef al. Trough concentrations of infliximab
guide dosing for patients with inflammatory bowel disease. Gas-
troenterol. 2015;148(7):1320-9.

Vaughn BP, Martinez-Vazquez M, Patwardhan VR, Moss AC,
Sandborn W1J, Cheifetz AS. Proactive therapeutic concentration
monitoring of infliximab may improve outcomes for patients with
inflammatory bowel disease: results from a pilot observational
study. Inflamm Bowel Dis. 2014;20(11):1996-2003.

van Hoeve K, Dreesen E, Hoffman I, Van Assche G, Ferrante M,
Gils A, et al. Higher infliximab trough levels are associated with
better outcome in paediatric patients with inflammatory bowel
disease. J Crohn Colitis. 2018;12(11):1316-25.

Feuerstein JD, Nguyen GC, Kupfer SS, Falck-Ytter Y, Singh S.
American gastroenterological association institute guideline on
therapeutic drug monitoring in inflammatory bowel disease. Gas-
troenterol. 2017;153(3):827-34.

Roblin X, Boschetti G, Williet N, Nancey S, Marotte H, Berger
A, et al. Azathioprine dose reduction in inflammatory bowel
disease patients on combination therapy: an open-label, pro-
spective and randomised clinical trial. Aliment Pharmacol Ther.
2017;46(2):142-9.

Drobne D, Kurent T, Golob S, gvegl P, Rajar P, HanZel J, et al.
Optimised infliximab monotherapy is as effective as optimised
combination therapy, but is associated with higher drug consump-
tion in inflammatory bowel disease. Aliment Pharmacol Ther.
2019;49(7):880-9.

Grossi V, Lerer T, Griffiths A, LeLeiko N, Cabrera J, Otley A, et
al. Concomitant use if immunomodulators affects the durability
of inflixima therapy in children with Crohn’s disease. Clin Gas-
troenterol Hepatol. 2015;13(10):1748-56.

van Rheen H, van Rheen PF. Long-term efficacy of anti-tumor
necrosis factor agents in pediatric luminal Crohn’s disease: a sys-
temic review or real-world evidence studies. Pediatr Gastroenterol
Hepatol Nutr. 2020;23(2):121-31.

Hradsky O, Potuznikova K, Siroka J, Lerchova T, Urbanek L,
Mihal V, et al. Prediction of thiopurine metabolite levels based
on hematological and biochemical parameters. J Pediatr Gastro-
enterol Nutr. 2019;69(4):e105-10.

deBruyn JC, Jacobson K, El-Matary W, Carroll M, Wine E, Wro-
bel I, et al. Long-term Outcomes of Infliximab Use for Pediatric
Crohn Disease: A Canadian Multicenter Clinical Practice Experi-
ence. J Pediatr Gastroenterol Nutr. 2018;66(2):268-73.
Jongsma MME, Winter DA, Huynh HQ, Norsa L, Hussey S,
Kolho K-L, et al. Infliximab in young paediatric IBD patients: it
is all about the dosing. Eur J Pediatr. 2020;179(12):1935-44.
Klotz U, Teml A, Schwab M. Clinical pharmacokinetics and use
of infliximab. Clin Pharmacokinet. 2007;46(8):645-60.

A\ Adis



194

K. Pospisilova et al.

35.

36.

37.

38.

39.

Hemperly A, Vande CN. Clinical pharmacokinetics and pharma-
codynamics of infliximab in the treatment of inflammatory bowel
disease. Clin Pharmacokinet. 2018;57(8):929-42.

Ordas I, Mould DR, Feagan BG, Sandborn WJ. Anti-TNF
monoclonal antibodies in inflammatory bowel disease: phar-
macokinetics-based dosing paradigms. Clin Pharmacol Ther.
2012;91(4):635-46.

Brandse JF, Mould D, Smeekes O, Ashruf Y, Kuin S, Strik A,
et al. A real-life population pharmacokinetic study reveals
factors associated with clearance and immunogenicity of inf-
liximab in inflammatory bowel disease. Inflamm Bowel Dis.
2017;23(4):650-60.

Jones J, Kaplan GG, Peyrin-Biroulet L, Baidoo L, Devlin S,
Melmed GY, et al. Impact of concomitant immunomodula-
tor treatment on efficacy and safety of anti-TNF therapy in
Crohn’s disease: a meta-analysis of placebo controlled trials
with individual patient-level data. Clin Gastroenterol Hepatol.
2015;13(3):2230-40.

Hommel KA, Davis CM, Baldassanp RN. Objective ver-
sus Subjective Assesment of Oral Medication Adherence in

Authors and Affiliations

40.

41.

42.

43.

Pediatric Inflammatory Bowel Disease. Inflamm Bowel Dis.
2009;15:589-93.

Pozler O, Chladek J, Maly J, Hroch M, Dédek P, Beranek M,
et al. Steady-state of azathioprine during initiation treatement
of pediatric inflammatory bowel disease. J Crohns Colitis.
2010;4(6):623-8.

Rahhal RM, Bishop WP. Initial clinical experience with allopu-
rinol-thiopurine combination therapy in pediatric inflammatory
bowel disease. Inflamm Bowel Dis. 2008;14:1678-82.

Gerich ME, Quiros JA, Marcin JP, Tennyson L, Henthorn M, Prin-
diville TP. A prospective evaluation of the impact of allopurinol
in pediatric and adult IBD patients with preferentioal metabolism
of 6-mercaptopurine to 6-methylmercaptopurine. J Crohns Colitis.
2010;14:546-52.

Friedman AB, Brown SJ, Bampton P, Barclay ML, Chung A,
Macrae FA, er al. Randomised clinical trial: efficacy, safety and
dosage of adjunctive allopurinol i azathioprine/mercaptopu-
rine nonresponders (AAA Study). Aliment Pharmacol Ther.
2018;47:1092-102.

Kristyna Pospisilova' - Jitka Siroka? - Eva Karaskova3 - Ondrej Hradsky' - Tereza Lerchova' - Kristyna Zarubova’ -
Ivana Copova' - Lucie Gonsorcikova' - Maria Velganova-Veghova? - Irena Francova®* - Lubor Urbanek? - Milos Geryk? -
Vladimir Mihal? - Jiri Bronsky'

Jitka Siroka
sirokajitka@gmail.com

Eva Karaskova
e.karasko @seznam.cz

Ondrej Hradsky
ondrej.hradsky @lfmotol.cuni.cz

Tereza Lerchova
terezadrskova@gmail.com

Kristyna Zarubova
zarubova kristyna@gmail.com

Ivana Copova
icopova.ic@gmail.com

Lucie Gonsorcikova
Lucie.Gonsorcikova@fnmotol.cz

Maria Velganova-Veghova
mariavelganova@post.cz

Irena Francova
Irena.Francova@vfn.cz

Lubor Urbanek
urbanek.1@centrum.cz

A\ Adis

Milos Geryk
milos.geryk @gmail.com

Vladimir Mihal
vladimir.mihal @fnol.cz

Jiri Bronsky
jiri.bronsky @Ifmotol.cuni.cz

Department of Pediatrics, 2nd Faculty of Medicine, Charles
University in Prague and Motol University Hospital, V
Uvalu 84, 150 06 Prague 5, Czech Republic

Laboratory of Growth Regulators, Palacky University
Olomouc and Institute of Experimental Botany AS CR,
Slechtitelu 27, 783 71 Olomouc, Czech Republic

Department of Pediatrics, Faculty of Medicine and Dentistry,
Palacky University and University Hospital, I.P. Pavlova
185/6, 779 00 Olomouc, Czech Republic

Institute of Medical Biochemistry and Laboratory Diagnosis,
General University Hospital and 1st Faculty of Medicine,
Charles University in Prague, Na Bojisti 3, Prague 2,

121 08 Prague, Czech Republic



ORIGINAL RESEARCH ARTICLE—CLINICAL
.

Vaccinations and Immunization Status in Pediatric Inflammatory
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Background: Vaccine-preventable diseases and opportunistic infections in pediatric inflammatory bowel disease (IBD) are increasingly recog-
nized issues. The aims of this study were to evaluate vaccinations, immunization status, and consequent therapeutic management in children with
IBD and to analyze the differences among patients diagnosed before (Group 1) and after June 2012 (Group 2).

Methods: This was a multicenter, retrospective cohort investigation. Between July 2016 and July 2017, 430 children with IBD were enrolled in
13 centers. Diagnosis, therapeutic history, vaccinations, and immunization status screening at diagnosis and at immunosuppressant (IM)/biologic
initiation and reasons for incomplete immunization were retrieved.

Results: Vaccination rates at diagnosis were unsatisfactory for measles, mumps, and rubella (89.3%), Haemophilus influenzae (81.9%), menin-
gococcus C (23.5%), chickenpox (18.4%), pneumococcus (18.6%), papillomavirus (5.9%), and rotavirus (1.9%). Complete immunization was
recorded in 38/430 (8.8%) children, but specific vaccines were recommended in 79/430 patients (18.6%), without differences between the 2 groups.
At IM start, 22% of children were tested for Epstein-Barr virus (EBV) status, with 96.2% of EBV-naive patients starting azathioprine, without
differences between Groups 1 and 2. Screening for latent tuberculosis (TB) before start of biologics was performed in 175/190 (92.1%), with up to
9 different screening strategies and numerous inconsistencies.

Conclusions: We demonstrated a poor immunization status at diagnosis in children with IBD, which was not followed by proper vaccination
catch-up. EBV status before IM initiation and latent TB before biologics were not adequately assessed. Thus, the overall impact of the current

guidelines seems unsatisfactory.

Key Words: inflammatory bowel disease, pediatrics, vaccinations
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INTRODUCTION

Although the incidence and prevalence of inflammatory
bowel diseases (IBDs) differ among countries, the general trend
highlights an overall increase over the past few decades, espe-
cially in adolescence and young adulthood."? It is well known
that pediatric IBD is characterized by a more extensive involve-
ment and severe course when compared with adults, including a
higher need of immunosuppressive and biological therapies.*?
Due to the underlying disease, poor nutritional status, and early
aggressive immunomodulatory treatments, the risk of oppor-
tunistic infections and their prevention in children with IBD
are increasingly recognized issues.®’ Attention to this topic
has progressively grown after the widespread use of biologics.
The first reported pediatric data on opportunistic infections in
IBD came from the REACH study.® Of all the infections, 6.8%
were classified as severe and included sepsis, pneumonia, herpes
zoster and abscesses.® In 2009, the European Crohn’s and Colitis
Organization (ECCO) published the first evidence-based guide-
lines on the management of opportunistic infections in IBD pa-
tients.” As these guidelines were not specifically conceived for
the pediatric population, in June 2012 the European Society
of Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) published a commentary on the risk and the
prevention of infections in children with IBD, with the main
objective of adapting the ECCO guidelines to the pediatric sce-
nario.'"” With regards to prevention, the following points were
recommended: immunization history should be obtained at the
time of IBD diagnosis; children with IBD should receive in-
activated vaccines following the routine childhood immuniza-
tion schedule; attenuated live vaccines are contraindicated in
patients treated with immunosuppressive drugs.'” In addition
to these recommendations, the 2014 ECCO guidelines were up-
dated, emphasizing essential topics, such as the need for testing
for Epstein-Barr virus (EBV) before starting azathioprine
(AZA) and the importance of tuberculosis (TB) screening be-
fore initiating biologic treatment.!' Despite this growing body
of literature, few data have been published in children, and
pediatric gastroenterologists (GIs) seem not to perceive the
importance of this issue, which is frequently overlooked.'>
Therefore, the primary aims of this study were to evaluate
the vaccinations, immunization status, and management of
immunoregulatory therapies in a cohort of children with IBD;
the secondary aims were to assess the impact of the ESPGHAN
commentary,'® analyzing the differences among patients diag-
nosed before and after June 2012.

METHODS
The Vaccinations and Immunization status in Pediatric
IBD (VIP-IBD) study was a multicenter, retrospective co-
hort investigation conducted between July 2016 and July
2017 including 13 different ESPGHAN IBD referral centers.
Participating centers were required to select a representative
sample of children newly diagnosed with IBD before June 2012
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(Group 1) and after June 2012 (Group 2) and to retrospectively
collect their data. Each center had to enroll at least the first
5 consecutive patients diagnosed in each of the 3 years before
and after June 2012. The inclusion criteria were a confirmed
diagnosis of IBD, age at diagnosis <18 years, and clinical fol-
low-up of at least 12 months. Diagnosis of IBD was established
on the basis of clinical, endoscopic, radiological, and histolog-
ical criteria according to the Porto criteria.!* The distribution
of the enrolled children among the different centers is shown
in Table 1. Each participating center was required to complete
a structured 28-item questionnaire form (Supplementary Table
1) for each enrolled patient. The form was designed to measure
adherence to the ESPGHAN commentary on the risk and pre-
vention of infections in children with IBD.! In addition, some
of the topics were derived from the most recent ECCO evi-
dence-based guidelines on the management of opportunistic
infections in IBD patients.!! The questionnaire included all the
following items: demographic data (age, sex, parental educa-
tion); diagnostic characteristics (type, age at diagnosis, disease
activity and extent at diagnosis, extra-intestinal manifestations,
comorbidities); therapeutic history; evaluation of the recom-
mended routine childhood vaccinations (diphtheria, tetanus,
and poliomyelitis [DTP], pertussis, haemophilus influenzae,
hepatitis B, pneumococcus, meningococcus C, measles,
mumps, and rubella [MMR], chickenpox, papillomavirus, ro-
tavirus); annual influenza vaccination at diagnosis and during
follow-up; serological titer assessment for the recommended
infectious agents (hepatitis A, B, and C, EBYV, rubella, herpes
simplex virus [HSV], chickenpox, HIV, TB) at diagnosis, at ini-
tiation of immunosuppressant and biological therapies, and at
follow-up; tests to detect latent TB (tuberculin skin test [TST],
quantiferon TB gold [QFT], Elispot, chest x-ray); reasons for

TABLE 1. Distribution of Enrolled Children Among the
13 Different Centers

Center Group 1, No. (%) Group 2, No. (%)
(n=218) (n=212)
Budapest, Hungary 15(6.9) 15(7.1)
Cluj-Napoca, Romania 19 (8.7) 24 (11.3)
Kaunas, Lithuania 6(2.8) 9(4.2)
Krakow, Poland 15(6.9) 15(7.1)
Malaga, Spain 15(6.9) 15(7.1)
Messina, Italy 15(6.9) 15(7.1)
Naples, Italy 26 (11.9) 29 (13.7)
Petach Tikva, Israel 15(6.9) 15(7.1)
Prague, Czech Republic 15(6.9) 15(7.1)
Rome, Italy 15(6.9) 14 (6.6)
Vilnius, Lithuania 30 (13.8) 15(7.1)
Warsaw, Poland 17 (7.8) 16 (7.5)
Zagreb, Croatia 15(6.9) 15(7.1)
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incomplete immunization and decision-making regarding
immunoregulatory therapies on the basis of immunological
status. A complete immunization status at diagnosis was defined
when a patient was vaccinated and/or showed positive titers
for the following pathogens: DTP, poliomyelitis, haemophilus
influenzae, hepatitis B, MMR, pneumococcus, meningococcus
C, and chickenpox.!® ! Disease extent was characterized ac-
cording to the Paris classification,'® whereas disease activity was
reported using the Pediatric Ulcerative Colitis Activity Index
(PUCAID)Y and the Pediatric Crohn’s Disease Activity Index
(PCDAI).™

Ethical Considerations

The study was approved by the Institutional Review
Board (IRB) of the University of Naples “Federico II” with
the protocol registration number 175/16. Subsequently, all the
remaining enrolling units obtained specific approval from their
local IR Bs.

Statistical Analysis

Variables were screened for their distribution, and appro-
priate parametric or nonparametric tests were adopted as nec-
essary. Percentages were rounded to the nearest whole numbers.
The Student ¢ test and Mann-Whitney test for continuous vari-
ables and the 2 and Fisher exact tests for categorical variables
were used where appropriate. Statistical significance was prede-
termined as P < 0.05. SPSS, version 20 (SPSS Inc, Chicago, IL,
USA), was used for all the analyses.

RESULTS

Baseline Characteristics

Four hundred thirty patients met the inclusion criteria
and were enrolled between July 2016 and July 2017 (CD: 254,
59.1%; UC: 164, 38.1%; IBD-U: 12, 2.8%; median age at diag-
nosis [range], 12 [1-18] years; M/F: 236/194). Among the 430
patients, 218 were diagnosed before June 2012 (Group 1: 50.7%)
and 212 after June 2012 (Group 2: 49.3%). Baseline characteris-
tics of the 2 groups of children are presented in Table 2.

Vaccinations and Serological Evaluation at
Diagnosis

The rates of vaccination at diagnosis were: diphtheria,
tetanus, and pertussis (DTP; 427/430, 99.3%), poliomyelitis
(426/430, 99.1%), hepatitis B (418/430, 97.2%), MMR (384/430,
89.3%), Haemophilus influenzae (352/430, 81.9%), meningo-
coccus C (101/430, 23.5%), chickenpox (79/430, 18.4%), pneu-
mococcus (80/430, 18.6%), papillomavirus (22/430, 5.9%), and
rotavirus (8/430, 1.9%). When comparing children diagnosed
before and after June 2012, no significant differences were
observed for all the vaccines, except for meningococcus C,
pneumococcus, chickenpox, and papillomavirus, which were
significantly increased in Group 2 (18.8% vs 28.3%; P = 0.01;

14.7% vs 22.6%; P = 0.02; 14.7% vs 22.2%; P = 0.03; 2.8% vs
7.5%; P = 0.02, respectively). The rates of vaccination cov-
erage for each pathogen before and after 2012 and the differ-
ences among each enrolling country are presented in Figure 1
and Supplementary Figure 1, respectively. The rates of assess-
ment at diagnosis for each pathogen were TB (226/430, 52.5%),
EBV (164/430, 38.1%), hepatitis B (161/430, 37.4%), hepatitis
C (1277430, 29.5%), HSV (71/430, 16.5%), hepatitis A (54/430,
12.5%), rubella (51/430, 11.8%), chickenpox (70/430, 16.2%),
and HIV (53/430, 12.3%). When comparing Group 1 and
Group 2, we observed a statistically significant increase in the
evaluation of the following pathogens: hepatitis A (10.6% vs
14%; P = 0.01), hepatitis B (28% vs 47.2%; P < 0.001), hep-
atitis C (20.2% vs 39.2%; P < 0.001), EBV (27.5% vs 47.7%;
P < 0.001), HIV (9.2% vs 15.1%, P = 0.04), rubella (8.3% vs
15.6%; P =0.01), and TB (46.8% vs 58.5%; P = 0.01).

Vaccine Catch-up

A complete immunization status was recorded in 38/430
patients (8.8%). An increase in the rate of complete immuni-
zation was observed in Group 2, even if this was not statisti-
cally significant (Group 1: 16/218, 7.3%; vs Group 2: 22/212,
10.3%; P = 0.1). None of the variables were significantly as-
sociated with a complete immunization rate. Among the 392
children with incomplete immunization, specific vaccinations
were recommended in 79 patients (20.1%), without differ-
ences between Group 1 and Group 2 (46/202, 22.7%, vs 33/190,
17.3%; P = 0.1). The following vaccines were caught-up: pneu-
mococcus (78/79, 98.7%), meningococcus C (57/79, 72.1%),
chickenpox (55/79, 69.6%), hepatitis B (40/79, 50.6%), MMR
(29/392, 36.7%), papillomavirus (20/79, 25.3%), rotavirus (5/79,
6.3%), DTP (1/79, 1.2%), and poliomyelitis (1/79, 1.2%). In the
remaining children, the reasons for not being vaccinated were
need for immediate IM therapies (87/313, 27.8%), parental re-
fusal (24/313, 7.7%), vaccination costs (4/313, 1.6%), and un-
known (154/313, 49.2%).

Influenza

One hundred twenty-three children out of 430 (28.6%)
underwent yearly influenza vaccination, whereas 276 (64.2%)
were not routinely exposed to the vaccine; in 31 (7.2%) cases,
the status of influenza vaccination was not known. An increase
of influenza vaccination was observed in Group 2 when com-
pared with Group 1 (70/212, 35.4%, vs 53/218, 24.3%; P = 0.03).
A higher number of children exposed to immunosuppressive
and/or biologic therapy underwent annual influenza vaccina-
tion when compared with the remaining patients (60/80, 75%,
vs 20, 25%; P < 0.001).

Screening Before Inmunosuppressive Therapy
Two hundred fifty-one (58.3%) out of 430 children

started IM (AZA: 238, 94.8%; methotrexate [MTX]: 13,

5.2%). Group 2 children started IM significantly earlier than
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TABLE 2. Baseline Characteristics of the Enrolled Patients

Characteristics Group 1 Group 2 P
(n=218) (n=212)

Median age at diagnosis (range), y 12 (1-18) 12.3 (2-18) 0.2

Sex, No. (%)

Male 113 (51.8) 123 (58) 0.1

Diagnosis, No. (%) 0.8

CD 132 (60.6) 122 (57.5)

ucC 80 (36.7) 84 (39.6)

IBD-U 6(2.8) 6(2.8)

Median PCDALI at diagnosis (range) 35 (5-70) 32 (7.5-65) 0.7

Median PUCALI at diagnosis (range) 45 (11-85) 45 (15-75) 0.4

Disease location at diagnosis, No. (%)

CD

Tleum only (L1) 18 (13.6) 30 (24.5) 0.03

Colon only (L2) 27 (20.4) 26 (21.3) 0.8

Ileum and colon (L3) 83 (62.8) 62 (50.7) 0.06

Upper gastrointestinal tract (L4) 44 (20.1) 50 (23.5) 0.2

Perianal disease 15(11.2) 13 (10.6) 1

ucC

Ulcerative proctitis (E1) 12 (15) 8(9.6) 0.3

Left-sided colitis (E2) 12 (15) 16 (19) 0.5

Extensive colitis (E3) 6(7.5) 11 (13) 0.3

Pancolitis (E4) 50 (62.5) 49 (58.4) 0.6

Induction therapy at diagnosis, No. (%)

CD

EEN 36 (27.3) 55 (45.1) <0.001

Steroids 71 (53.8) 39 (32) <0.001

Biologics 3(2.3) 10 (8.2) 0.04

EEN+steroids 7(5.3) 11(9) 0.3

Mesalazine 14 (10.6) 6(4.9) 0.1

Surgery 1(0.7) 1(0.8) 1

ucC

Steroids 34 (42.5) 50 (59.5) 0.04

Mesalazine 45 (56.2) 29 (34.5) <0.001

Biologics 1(1.3) 5(6) 0.2

IBD-U

EEN 1(16.6) 2(33.4) 1

Steroids 5(83.4) 3 (50) 0.5

Mesalazine 0 1(16.6) 1

Group 1: patients diagnosed before June 2012; Group 2: patients diagnosed after June 2012.

“Fisher exact test or Mann-Whitney test was used for categorical and continues variables, respectively.

patients in Group 1 (median time [range], 1 [0-24] months
vs 2 [0-108] months; P < 0.001). The number of children
starting immunosuppressive therapy was significantly de-
creased in Group 2 when compared with Group 1 (115/212,
54.2%, vs 136/218, 62.3%; P = 0.03). Before starting IM, we
observed a signilicant increase in the percentage of subjects
tested for HIV (2/136, 1.5%, vs 9/115, 7.8%; P = 0.01). There
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were no statistical differences when comparing the 2 groups
with regards to hepatitis A, B, and C (17.9% vs 28.1%;
P =0.5 17.4% vs 19%; P = 0.2; 13.9% vs 20.6%; P = 0.7,
respectively; HSV: 13.9% vs 11.1%; P = 0.4; chickenpox: 9%
vs 9.6; P = 0.7; rubella: 14.6% vs 12.8%; P = 0.2), or for the
percentage of patients tested for latent TB (19.9% vs 25.2%;
P=0.2).
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Il Group 1

[ Group 2
100+

Percentage of children

FIGURE 1. Rates of vaccination coverage at diagnosis before (Group 1) and after June 2012 (Group 2). *P < 0.05, Fisher exact test.

GROUP 1 GROUP 2
136 (61.3%) STARTED 115 (54.2%) STARTED
IMMUNOSUPPRESSIVE THERAPY IMMUNOSUPPRESSIVE THERAPY
30 (22 %) 106 (77.9 %) 25(21.7 %) 90 (78.2 %)
TESTED FOR NOT TESTED TESTED FOR NOT TESTED
EBV STATUS FOR EBV EBV STATUS FOR EBV
NAIVE: IMMUNIZED: AZA: MTX: NAIVE: IMMUNIZED: AZA: MTX:
15 (50 %) 15 (50%) 104 (98.1 %) 2 (1.9%) 12 (48 %) 13 (52%) 83 (92.2 %) 7 (7.8%)
AZA: MTX: AZA: MTX: AZA: MTX: AZA: MTX:
14 (93.3 %) 1(6.7 %) 13 (86.7%) 2(13.3%) 12 (100 %) 0(0%) 12(92.3%) 1(7.7%)

FIGURE 2. Flow diagram of EBV screening before starting immunosuppressive therapy in children diagnosed before (Group 1) and after June 2012
(Group 2).

EBV Status sex in EBV-naive children starting AZA did not differ between
Fifty-five children (22%) out of 250 children were tested Group 1 and Group 2 (8/14, 57.1, vs 5/12, 41.7%; P = 0.3).

for EBV status before starting IM, with 28 (50.9%) immun- A flow diagram of EBV status and consequent therapeutic

ized for EBV and 27 (49.1%) EBV naive. Among those who  management is shown in Figure 2.

were EBV naive, 26/27 started AZA (96.2%), whereas only 1

patient (3.7%) started MTX. There was no statistical difference  Screening Before Biologics

between Groups 1 and 2 in the percentage of patients tested Biologics were started in 190 (44.2%) out of 430 chil-

for EBV before starting AZA (P = 0.5); no difference was de- dren (infliximab: 152/190, 80.2%; adalimumab [ADA]: 38/190,

tected between the 2 groups in the percentage of patients who 20%). The median time to start biologics among the entire

started AZA being EBV naive (P = 1). The percentage of male population (range) was 12 (0-108) months. Group 2 children
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tended to start biologic therapy significantly earlier than pa-
tients in Group 1 (median time [range], 10 [0-82] months vs 18
[0-108] months; P < 0.001). In Group 1, biologic therapy was
started in 98 out of 218 patients (45%), compared with 92/212
patients (43.4%) in Group 2 (P = 0.4). Infliximab was started
in a significantly higher percentage of patients in Group 1
compared with Group 2 (87/218, 39.9%, vs 65/212, 30.7%, re-
spectively; P = 0.03), whereas ADA therapy was started in a
major number of patients in Group 2 compared with Group 1
(271212, 12.7%, vs 11/218, 5%, respectively; P = 0.004). There
was no statistically significant difference between the 2 groups
in the percentages of patients tested for hepatitis A, B, and C
(21.8% vs 21.6%; P = 1; 54.6% vs 48.3%; P = 0.1; 49.6% vs
48.3%; P = 0.5, respectively), EBV (47% vs 47.5%; P = 1), HSV
(31.1% vs 26.7%; P = 0.3), HIV (16% vs 20%; P = 0.2), chick-
enpox (23.5% vs 16.6%; P = 0.1), and rubella (11.7% vs 15%;
P =0.2). After starting, a significantly higher number of chil-
dren continued to be monitored for serological titers in Group 2
when compared with Group 1 (78/92, 84.8%, vs 65/98, 66.3%;
P = 0.003). Scrological titers during the course of biologic
therapy were checked with the following frequencies: every year
(45/65, 69.2%, vs 53/78, 66.7%; P = 0.4), every 6 months (2/65,

\

ETST only

®QFT only

¥ Chest X-Ray only

W TST and QFT

WTST and Chest X-Ray

¥ QFT and Chest X-Ray

W TST + QFT + Chest X-Ray

3.1%, vs 2/78, 2.6%; P = 0.6), and cvery other administration
(10/65, 15.4%, vs 7178, 9%; P = 0.1).

Latent Tuberculosis

Screening for latent TB before starting biologics was per-
formed in 175/190 (92.1%), without significant differences when
comparing children from both groups (Group 1: 93/98, 94.9%;
vs Group 2: 82/92, 89.1%; P =0.1). The 4 available exams—TST,
QFT, Elispot, and chest x-ray—were used with 7 and 9 different
diagnostic strategies in Group 1 and Group 2, respectively
(Fig. 3). No significant differences were observed regarding the
use of each specific combination and single test. A huge vari-
ation in TB screening modalities was observed among the dif-
ferent enrolling centers (Table 3).

DISCUSSION
To the best of our knowledge, the VIP-IBD study is the
largest multicenter survey to evaluate vaccinations, immuniza-
tion status, and subsequent therapeutic management in pediatric
IBD. Our data highlight that children with IBD show insuffi-
cient immunization coverage at diagnosis and that vaccination

1,2% 1,2%

ETST only

B QFT only

¥ Chest X-Ray only
®TST and QFT

W TST and Chest X-Ray
¥ QFT and Chest X-Ray

W TST + QFT + Chest X-Ray

TST + Chest X-Ray + Elispot
QFT + Chest X-Ray + Elispot

FIGURE 3. Diagnostic strategies to screen latent TB before starting biologics in children diagnosed before (Group 1) (A) and after June 2012

(Group 2) (B).

TABLE 3. Different Diagnostic Strategies to Screen Latent Tuberculosis Before Starting Biologics

Croatia Czech Rep. Hungary Israel Italy Lithuania Poland Romania Spain
(n=4), (n=16), (n=27), (n=18), (n =53), (n =10), (n = 30), (n=3), (n=14),
Screening Strategy No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
TST only - - - 2(11.1) 14 (26.4) - - - 4 (28.6)
QFT only 4 (100) - - - 17 (32) - - - -
X-ray only - 7 (43.7) 27 (100) - 2(20) - - -
TST + QFT - - - - 1(1.9) - - - 8(57.1)
TST + x-ray - - - 16 (88.9) 6(11.3) 7 (70) 1(3.3) - -
QFT + x-ray 8 (50) - - 10 (18.9) - 28 (93.4) - -
TST + QFT + x-ray - - - - 4(7.6) 1 (10) 1(3.3) 3(100) 2(14.3)
QFT + Elispot + - 1(6.3) - - - - - - -
X-ray
TST + Elispot + - - - - 1(1.9) - - - -
X-ray
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catch-up is not adequately performed. We also demonstrated
an unsatisfactory awareness of 2 hot topics of IBD preventive
care: EBV status at the start of AZA therapy and screening for
latent TB before anti-tumor necrosis factor (anti-TNF) agents.
Overall, the majority of the analyzed variables were modestly
impacted by the ESPGHAN recommendations.

Inflammatory bowel disease is considered a condition
at high risk of opportunistic infections, particularly in child-
hood." ?° Strategies that can be used to decrease the hazard
of opportunistic infections include screening, chemoprophy-
laxis, and vaccination.” In line with the literature, which re-
ports nonsatisfactory immunization coverage in Europe and
North America,?> > our cohort shows insufficient rates for
MMR, Haemophilus influenzae, meningococcus C, pneumo-
coccus, chickenpox, papillomavirus, and rotavirus. As a conse-
quence of this overall tendency, only 8.8% of children showed
complete immunization at diagnosis. These alarming findings
once more point out the essential role of the IBD practitioner,
who should promptly test immunization for the most notable
vaccine-preventable diseases. Indeed, the period from diagnosis
to the initiation of immunosuppressive therapy should be con-
sidered a crucial window of opportunity for appropriate vac-
cination before the initiation of immunosuppressive therapy.
In 2015, Lester et al. surveyed 178 North American pediatric
GlIs, demonstrating that at diagnosis only half of them asked
verbally about immunization status, 31% obtained records, and
only 9% required specific serologies.!> More recently, deBruyn
and colleagues reported that despite adequate vaccination cov-
erage, a high percentage of the children with IBD showed low
serologic protection against the main vaccine-preventable child-
hood infections.” In our cohort, we observed a significant in-
crease of serological titer evaluation after the publication of a
paper by Veereman et al.'® Nevertheless, proving incomplete
immunization status did not necessarily translate into active
vaccination catch-up, which was performed only in 18.6% of
children. When analyzing the reasons for not performing vac-
cine catch-up, we found that only in about 27.8% of children was
there an immediate need to start IM therapy, whereas in the re-
maining cases parental refusal, vaccination costs, and unknown
causes were reported. These factors can be certainly improved
with a major commitment of pediatric GIs and with an increase
in educational efforts. Actually, different studies demonstrated
that specific campaigns are able to revert this tendency.*2¢
Fleurier and colleagues reported a significant increase in vacci-
nation coverage in 92 French children with IBD after an aware-
ness campaign on the risk of infection.?® Most of these efforts
are currently being perpetuated for annual influenza vaccina-
tion. In 2015, Huth and colleagues reported the successful re-
sults of 2-year prospective study.”’” The authors used 2 different
strategies: the administration of an educational module with or
without vaccine access in the clinic. Both strategies led to sig-
nificant increases in the vaccination rate, from 34% at baseline
to 75% and 89.5%, respectively.”’ In our multicenter study, we

observed a significant increase in the influenza vaccination rate
from 24.3% to 33% after 2012. Although significant, this result
cannot be considered satisfactory, and it still confirms that the
publication of guidelines needs to be followed by specific strat-
egies for their widespread implementation.

Over the last 2 decades, pediatric IBD therapeutic strat-
egies have profoundly evolved, leading to an increasing use of
more aggressive “top-down” approaches with the early intro-
duction of biologics.?®? Our study gives a clear overview of this
tendency, as demonstrated by the significant rise of biologics
as firstline therapy and the decreased use of conventional im-
munosuppressants in children diagnosed after 2012. Despite
this trend, our data show that >50% of children are still ex-
posed to AZA, which remains one of the mainstays of pedi-
atric IBD. This finding is particularly remarkable if we take into
account the recent controversial warning on thiopurines’ use,
due to their potential relationship with EBV infection and the
risk of lymphoproliferative disorders.*":3! These potential risks
led the ECCO to state in 2014 that EBV IgG screening should
always be considered before initiation of immunomodulatory
treatment and that anti-TNFs are preferred in seronegative
children.!! Despite these recommendations, in our cohort only
21.9% of children starting AZA were checked for EBV status,
and among those tested, AZA was started in almost all the
cases of seronegative EBV patients, irrespective of sex.

The above-mentioned increase of anti-TNF agents’ use,
together with the recrudescence of TB-multiresistant strains
in Europe, has also raised new concerns regarding biologics’
safety. It is well elucidated that anti-TNFs increase the risk of
TB, particularly the reactivation of latent TB, and that when
TB occurs in children on biologics therapy it is more commonly
atypical, extrapulmonary, and disseminated.** ** According to
the ECCO guidelines, latent TB should be diagnosed by a com-
bination of patient history, chest x-ray, TST, and interferon-
gamma release assays (IGRA) according to local prevalence
and national recommendations.® Our results demonstrate that
a considerable inconsistency in TB screening remains in chil-
dren with IBD starting biologics. Indeed, we observed a lack
of standardization, with 9 different diagnostic strategies, and
a huge variation among different countries. In some cases, we
also observed a high percentage of inappropriateness: an ex-
ample is represented by the 30% rate of chest x-ray performed
as the only screening test before June 2012, without TST or
IGRA. This approach, which obviously lacks the proper sen-
sitivity to exclude latent TB, was decreased in the children in
Group 2, but was still performed in 15% of the children.

The present study is not without limitations. The main
drawback is obviously related to the retrospective nature, which
may have resulted in missing data, especially clinical and mi-
crobiological findings. In addition, the concrete possibility of
recall biases needs to be taken into account. Otherwise, the
main strength of the study lies in the large sample size, well dis-
tributed among 13 different ESPGHAN tertiary centers, which
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gives us a very precise picture of the application of the recom-
mendations in Europe and Israel.

In conclusion, the VIP-IBD study demonstrated poor im-
munization status at diagnosis in children with IBD, which is fre-
quently not followed by proper vaccination catch-up. Moreover,
pediatric GIs seem not to perceive the risks of thiopurines in
relation to EBV status and frequently do not adequately screen
children with IBD for latent TB before starting anti-TNFs. On
the basis of these findings, the overall impact of the current
guidelines on vaccination and immunization status in children
with IBD appears unsatisfactory, highlighting an urgent need
for further educational efforts to disseminate the available re-
commendations and to promote their correct application.

SUPPLEMENTARY DATA
Supplementary data are available at Inflammatory Bowel
Diseases online.
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