Univerzita Karlova

2. 1ékarska fakulta

Doktorsky studijni program: Biomedicinska informatika

MUDr. Ivana Copova

Metody biomedicinské informatiky pfi studiu

zanétlivych stfevnich onemocnéni u déti

Methods of Biomedical Informatics in the study

of Inflammatory Bowel Disease in children

Disertacni prace

Skolitel: doc. MUDr. Ondfej Hradsky, Ph.D.

Praha, 2024



Prohlaseni

Prohlasuji, Ze jsem disertacni praci zpracovala samostatné a Ze jsem fadné uvedla a citovala
vSechny pouzité prameny a literaturu. Soucasn¢ prohlasuji, Ze prace nebyla vyuzita k ziskani

jiného nebo stejného titulu.

Souhlasim s trvalym ulozenim elektronické verze mé prace v databdzi systému
meziuniverzitniho projektu Theses.cz za ucelem soustavné kontroly podobnosti kvalifikacnich

praci.

V Praze, 01.01.2024

Jméno — Piijmeni
Ivana — Copova

Podpis autora



Podékovani

Rada bych pod¢kovala svému skoliteli doc. MUDr. Ondiejovi Hradskému, Ph.D. za veskerou
pomoc a systematicky pfistup pii realizaci projekti v pribehu studia i v oblasti klinické praxe,
kde dlouhodobé prosazuje principy mediciny zalozené na dikazech. Uréit¢ bych rada
podekovala také prof. MUDr. Jifimu Bronskému, Ph.D. za podopru a vytvofeni motivujiciho
pracovniho prostiedi. Pod€kovani patii vSem spolupracovnikiim z gastroenterologického
oddéleni Pediatrické kliniky 2. 1ékatské fakulty Univerzity Karlovy a Fakultni nemocnice Motol
a vSem spoluautoriim publikaci, na jejichz podkladé byla sestavena tato disertacni prace. Dale
bych rada pod¢kovala doc. Dr. Ing. Jané Kleckové z Fakulty aplikovanych véd Zapadoceské
Univerzity v Plzni za neobycejné kvalitni a pfinosnou spolupréci pii snaze o realizaci hlavniho
projektu. Panu prof. MUDr. Stépanovi Svaginovi DrSc., MBA, pifedsedovi oborové rady
Biomedicinska informatika, mnohokrat dékuji za wvstficnost pifi napliovani studijnich
povinnosti. V neposledni fadé hluboce d¢kuji rodin€ za podporu a trpélivost, kterou mi béhem

studijnich a pracovnich aktivit poskytla.



Abstrakt

Zanétliva sttevni onemocnéni (IBD) predstavuji skupinu chronickych, polygenné
podminénych onemocnéni postihujicich primarné gastrointestindlni trakt, jejichz incidence
v dospélé 1 détské populaci globalng nariistd. Mezi tyto nemoci fadime Crohnovou nemoc (CD),
ulcerdzni kolitidu (UC) a tzv. neklasifikovatelné IBD (IBD-U). Fekalni kalprotektin (FC) je
markerem zanétu u IBD a jeho hladiny koreluji s aktivitou onemocnéni definovanou klinickymi
parametry, endoskopickym nalezem a histologii. Soucasna Iékaiska praxe je spojena
s dostupnosti velkého mnozstvi klinickych dat a snahou jejich efektivniho uplatnéni v procesu
medicinskeho rozhodovani takovym zptisobem, aby bylo dosazeno maximalni mozné redukce
rizika nepfiznivého pribéhu onemocnéni a vyskytu s onemocnénim a/nebo lécbou
asociovanych komplikaci.

Primérnim cilem diserta¢ni prace je vyuziti metod biomedicinské informatiky v oblasti
pediatrickych IBD v procesu ovéieni FC v predikei aktivity onemocnéni a odpoveédi na 1écbu,
hledani dalSich potenciondlnich prediktivnich faktort a tvorbu predikénich modeli pro
konkrétni klinické situace.

Zjistili jsme, Ze na zdkladé vyvoje hladin FC v casné fazi indukéni 1é€by pomoci
vyhradni enterdlni vyzivy nelze rozhodovat o dal§im vedeni terapie. Ovéfenim doméciho testu
na stanoveni koncentrace FC ve stolici jsme poukazali na jeho mozné benefity pro urychleni
procesu rozhodovani, nicméné s nutnosti konfirmace vysledku klasickymi laboratornimi
metodami. Definovdnim vyvaZeného cut-off metabolitii azathioprinu k pfedpovédi dosazeni
efektivnich hladin infliximabu jsme ziskali vhodny nastroj pro optimalizaci kombinované
terapie u pacientd s CD. Srovnanim dvou preparatii prvni linie biologické 1écby jsme upozornili
na potfebu zohlednéni nalezenych rizikovych faktora pti volbé terapie. Zjistili jsme, Ze indukéni
1é¢ba nehraje zasadni roli v délce trvani remise onemocnéni u pacientli s nekomplikovanou CD
soucasn¢ uzivajicich azathioprin. Zdavodnili jsme vhodnost suplementace vitaminu D u
détskych pacientii s IBD a poukdzali na moznost redukce diivé indikovanych vysetieni u
asymptomatickych jedinci.

Nové poznatky vyplyvajici z realizovanych studii s sebou pfina$i moznost exaktnéjsiho

a individualn€ zaméteného piistupu v procesu klinického rozhodovani.

Klic¢ova slova: fekalni kalprotektin, predikce, zanétliva stfevni onemocnéni



Abstract

Inflammatory bowel diseases (IBD) are a group of chronic, polygenic diseases primarily
affecting the gastrointestinal tract, with an increasing incidence in both adult and paediatric
populations globally. These diseases include Crohn's disease (CD), ulcerative colitis (UC) and
so-called IBD unclassified (IBD-U). Faecal calprotectin (FC) is a marker of inflammation in
IBD and its levels correlate with disease activity as defined by clinical parameters, endoscopic
findings and histology. Current medical practice is associated with the availability of a large
amount of clinical data and the desire to apply it effectively in the medical decision-making
process in such a way as to achieve the maximum possible reduction in the risk of adverse
disease course and the occurrence of disease- and/or treatment-associated complications.

The primary goal of this dissertation is to apply biomedical informatics methods to
paediatric IBD in the process of validating FC in predicting disease activity and response to
treatment, searching for additional potential predictive factors, and developing prediction
models for specific clinical situations.

We found that the development of FC levels in the early phase of induction therapy with
exclusive enteral nutrition cannot be used as a basis for further management. By validating a
home test for the determination of FC concentration in stool, we pointed out its potential benefits
for speeding up the decision-making process, however, with the need to confirm the result by
conventional laboratory methods. By defining a balanced cut-off of azathioprine metabolites to
predict the achievement of effective infliximab levels, we obtained a suitable tool for optimizing
combination therapy in CD patients. By comparing two first-line biologic therapy agents, we
highlighted the need to consider the identified risk factors in the choice of therapy. We found
that induction therapy does not play a major role in the duration of disease remission in patients
with uncomplicated CD concomitantly taking azathioprine. We justified the appropriateness of
vitamin D supplementation in paediatric patients with IBD and highlighted the possibility of
reducing previously indicated testing in asymptomatic individuals.

The new findings from the conducted studies bring with them the possibility of a more

exact and individualized approach in the clinical decision-making process.

Key words: faecal calprotectin, prediction, inflammatory bowel diseases
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1.1.1.

1. Uvod

1.1. Rozhodovani v mediciné

Lékaiské rozhodovani zavisi na znalostech, zkuSenostech a usudku lékaie. Kromé
znalosti o zédkladnim chorobném procesu a nejaktualnéjSich dostupnych moznostech 1€cby by
m¢l 1ékar formulovat své rozhodnuti na zaklad¢ porozuméni védecké literature. Navic je ve své
praxi Casto postaven do situace, kdy by bylo vyhodné ,,nahlédnout do budoucnosti®. Jednak
chce co nejlépe predpoveédét progndézu konkrétniho pacienta charakterizovaného mnohymi
dal§imi faktory nezZ jen samotnym onemocnénim. Rovnéz chce védét, ktery z diagnostickych
nebo terapeutickych pfistupti by tomuto konkrétnimu pacientovi piinesl nejvetsi prospéch.
Tradicné v téchto situacich postupuje na zakladé¢ pomérné velkého mnozstvi informaci o
pacientovi v Casové omezenych podminkach, kdy mulze byt obtizné je vyhodnotit
v odpovidajicim klinickém kontextu a formulovat zavér a adekvétni doporuceni. Z tohoto
divodu je snahou identifikovat specifické znaky pro jednotlivé klinické situace, které by
umoznily standardizaci rutinniho rozhodovaciho procesu v okamziku, kdy je mozné ovlivnit
budouci vysledek. Cilem tohoto pfistupu je napliiovani principt precizni mediciny umoziujici
minimalizaci rizika nepfiznivého priibéhu onemocnéni a rozvoji s onemocnénim a/nebo 1écbou
asociovanych komplikaci na urovni konkrétniho pacienta. VSechny plivodni prace sdéleni
spojuje primarni zamér piispet ke zlepSeni péce o détské pacienty se zanétlivymi stfevnimi
onemocnénimi diky nové identifikovanym moznostem predikce konkrétniho klinického jevu za

vyuziti metod biomedicinské informatiky.

Prediktivni modelovani

Prediktivni modelovani slouzi k vytvoteni néstroje k pfedpovédi bud’ konkrétni ¢iselné
hodnoty urcité veli¢iny, nebo k odhadu, zda dojde nebo nedojde k urcité udalosti. K vytvoreni
predikéniho modelu 1ze pouzit rizné metody, které 1ze obecné rozdé¢lit do dvou kategorii:
matematické/ statistické modelovani a pocitacové modelovani s vyuzZitim metod strojoveého
uceni. Nez je mozné vyvinout jakykoli novy predikéni nastroj, je tieba retrospektivné nebo
prospektivné shromézdit data o jednotlivych pacientech stran prediktorti a odpovédi. Informace
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z jednotlivych proménnych jsou v modelu vyuzity k odpovédi na konkrétni hlavni otazku. Ke
zjisténi, které proménné jsou nejreprezentativnéjsi, a jejich spojeni s predpokladanym
vysledkem se pouziva konkrétni statisticky algoritmus.

Collins et al. vytvofil doporuceni pro tvorbu klinickych predikénich modeld — TRIPOD
(Transparent reporting of a multivariable prediction model for individual prognosis or
diagnosis)'. Navic Steyerberg v roce 2019 aktualizoval svoji praci popisujici tzv. sedm krokd
modelovani 2. Idedlni studie s cilem tvorby predikéniho modelu by dle jeho doporuceni méla
dodrzet nasledujici pravidla: vybér spravného designu studie, urceni potiebné velikosti souboru,
pti tvorbé modelu pak vhodnou transformaci proménnych, vhodny zptisob, jak se vypotadat s
netplnymi udaji, a predev§im spravny vybér prediktort. V ramci samotného modelovani
neopomenout hodnoceni funkénosti modelu a jeho validace. Vnitini validace modelu se pak

vyporadava s problémem piesyceni modelu a zevni s otdzkou zobecnitelnosti modelu.

brana

aktualizace
modelu

" posouzeni
proces uvedeni modelu do provozu dopad

Obr. 1 Pievedeni predikénich modeldi z raného vyvoje do $irokého klinického pouziti 3.
Proces zahrnuje progresivni faze:
— definice nenaplnéné klinické potteby; zpiisob identifikace prediktort;
— vybér prediktorti a vyvoj modelu;
— validace; ovéieni, jak model funguje ve stale vice zobecnitelnych podminkach;
— aktualizace/zlepSeni; kdy se do modelu pridavaji nové parametry a/nebo vétsi velikost
vzorku ve snaze zleps$it jeho pfesnost a zobecnitelnost;

12



— posouzeni vlivu modelu na klinické pracovni postupy a hodnoceni zdravotnich a
ekonomickych dopadl v kontrolovaném prostiedi;
— provadéni; implementace modelu do Sirokého pouziti a sledovani jeho dlouhodobych

dopadi v bézné klinické praxi.

1.1.1.1. Navrh studii pro vyvoj predikéniho modelu a velikost souboru

Pro vyvoj prognostického predikéniho modelu je vhodnym designem studie prospektivni
kohortova. Prospektivni sbér dat je dilezity z toho diivodu, ze mohou byt do zpracovani piidany
kandidatni prediktory, které nejsou soucasti rutinni klinické péce. V retrospektivni studii by
mohly nekteré kandidatni prediktory z riznych divoda chybét (nejsou soucasti bézné praxe;
data byla dfive shroméaZdéna pro jiné Gcely, neZ je vyvoj predikéniho modelu; apod.). U tvorby
diagnostickych modelt (tj. predpovida stav, ktery je jiz ptitomny nebo neptitomny), mize stacit
studie prufezova. V takovém navrhu jsou kandidatni prediktory i vysledek méfeny najednou.

Definovani velikosti souboru pro tvorbu predikénich modelt je volen dle techniky, ktera
je k tvorbé modelu pouzivana. Jednim z pravidel pouzivanych k odhadu potiebné velikosti
souboru je pomér udélosti a prediktorti. U regresnich modelt je potifeba znat pomér mezi poctem
udalosti a poc¢tem kandidatnich prediktorti, resp. tzv. minimalni pocet udalosti na parametr
prediktoru (EPP, Events per Predictor Parametr) *. Tento zplsob predpoklada, Ze pii
definovaném poctu prediktori je minimalni velikost souboru ddna po¢tem udalosti, nebo, pokud
neni mozné velikost souboru ménit, je tfeba zménit maximalni pocet kandidéatnich prediktort.
Podle simula¢ni studie s pouZitim logistické regrese, 1ze predikéni model bezpecné vytvofit,
pokud na 1 proménnou ptipada 10 a vice udalosti °. Piitom udélost je definovana jako nejméné
Casta odpoveéd. Naopak nasledujici dvé simulacni studie ukéazaly, ze tento zplsob piesny neni
67 Podobna pravidla existuji pro rtizné regresni modely (pro Coxtiv regresni model
proporciondlnich rizik se navrhuje zahrnout alespoii 10 selhdni pro kazdy potencionalni
prediktor a pro model linearni regrese alesponi 2—10 pacientli pro kazdy potencionalni prediktor;
u modeld, které obsahuji binarni prediktory, se navrhuje zahrnout alespont 20 udalosti na
proménnou; ap.) *>*°. Neni viak zaruceno, Ze pii dodrzeni téchto obecnych pravidel nedojde k

pfesyceni modelu.
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1.1.1.2. Vybér a uprava prediktori

Zasadnim krokem pii tvorbé predikéniho néstroje je vybér vhodnych prediktorti do
vysledného modelu (obr. 2). Pomoci vzajemné asociace jednotlivych proménnych je tfeba
posoudit, které proménné jsou v pfili§ té€sném vztahu a predikci by neprospély. Vybér
proménnych je jednim z nejobtiznéjsich aspektli vytvaieni modelu a mél by vychazet z klinické
znalosti, predchozi literatury a samotné metody statistického vybéru '3, Existuji rtizné
techniky vybéru proménnych, strategie jejich redukce a vybérova kritéria (viz dale) pii vytvareni
predikéniho modelu *!%13-15 Spravny vybér proménnych piinasi fadu vyhod, jako je zlepseni
vykonu modelu z hlediska predikce, zkraceni doby trénovani modelu, usnadnéni vizualizace dat
a lepsi pochopeni zakladniho procesu, ktery generoval data 16,

Obecné neni vhodné zahrnovat do modelu velkou sadu proménnych. Model je pak vice
zavisly na pozorovanych datech a miize dochézet k tzv. presyceni modelu (Overfitting). Piesnéji
feceno, priliS mnoho proménnych (s ohledem na pocet pozorovani/ soubor dat) povede k
vytvofeni vztahu mezi proménnymi a vysledkem, ktery existuje pouze v tomto souboru dat, ale
nikoli ve skute¢né populaci. To povede ke snizeni ptesnosti modelu (pravdépodobnost odhaleni
efektu, kdyz efekt jiz je znam/ existuje) >!*!7. Navic konkrétni proménné nemusi byt dostupné
pro vSechny pacienty nebo jejich sbér mize byt ndkladny. Naopak nékteré proménné miizou mit
zanedbatelny vliv na vysledek, a proto je lze vylougit '¥. Nicméng, neexistuje jednotné pravidlo
pro stanoveni poctu proménnych, které maji byt zahrnuty do modelu (vice v ¢asti 1 Navrh studii

pro vyvoj predik¢niho modelu a velikost souboru).

Krok 1: redukce proménnych v datasetu Krok 2: pouiti vhadné selekéni metody/
s vybérem potencianilnich prediktort kritéria pro kandidatni proménné pro
* die existc ieratury, systematické piehledy, meta- wyb&r do koneéného modelu

* zpétnd eliminace
« die klinickjch rkusenastia zalosti, kanzultace s » diapledny vybis
by + postupnj vibér
« wybér visch mainjch kombinaci

112

Obr. 2 Kroky pfi vybéru proménnych pro predikéni mode
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1.1.1.3. Strategie redukce proménnych

Jednou ze strategii jak redukovat poCty potencidlnich prediktori, je vybrat jen ty, které
se zdali byt nejsilngjsi v diive publikovanych ptivodnich pracich. K identifikaci kandidatnich
proménnych slouzi také systematické piehledové ¢lanky a meta-analyzy ''!'7'°. Dalsim
zpusobem redukce proménnych je seskupeni nebo vylouceni souvisejicich proménnych.
Odstranéni proménnych, které jsou tésné asociované, by nemélo negativné ovlivnit fungovani
modelu, jelikoz reprezentuji podobnou informaci. Rozhodujicim faktorem k omezeni
proménnych miize byt také zplsob jejich distribuce, napt. velky pocet chybégjicich hodnot u

pouzité proménné miize snizovat spolehlivost modelu '32°,

1.1.1.4. Metody selekce proménnych

Jakmile je ze seznamu vSech dostupnych proménnych v souboru dat identifikovan pocet
potenciondlnich proménnych, je tfeba z nich vybrat ty, které zahrneme do kone¢ného modelu
1 Jednim ze zpiisobt je jednorozmérna analyza kazdé proménné. Nasledné ty proménné, které
vykazuji prediktabilitu v jednorozmérné analyze by mély byt zahrnuty do vicerozmérné
analyzy. Nicméng¢, tento postup ignoruje fakt, Ze nékteré proménné, 1 kdyz jsou slabé asociované
s vysledkem, mohou vyznamné pfispét k sile predikce, pokud jsou kombinovany (pozn. to lze
asteéné vytesit nastavenim hladiny vyznamnosti) 2!. Vyhodné miize byt pouziti formalnich
metod:

a) zpétna eliminace (Backward Elimination),

b) doptedny vybér (Forward Selection),

c) postupny vybeér (Stepwise Selection),

d) vybér vSech moznych kombinaci (All Possible Subset Selection).

Zpétna eliminace je nejjednodussi metodou vybéru proménnych. Zaind Uplnym
modelem, ktery bere v ivahu v§echny proménné, které maji byt zahrnuty do modelu. Proménné
jsou pak na zéklad¢ testovaci statistiky jedna po druhé z modelu odstraiiovany tak, aby v modelu
zbyly jen ty proménné, které vyznamné piispivaji k predikci 1222,

Metoda dopfedného vybéru je opakem piedchazejiciho pfistupu. Zacind bez
proménnych v modelu, a poté na zéklad¢ testovaci statistiky je pfidavana jedna proménna za

druhou. Tento postup je méné rizikovy z hlediska kolinearity (velmi vysoké asociace mezi
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proménnymi). Zasadni nevyhodou obou metod je, ze ptidani/ odstranéni proménné muize ucinit
existujici proménnou nevyznamnou (tzn. proménnd je vyznamna v kombinaci s jinou
proménnou). Tento problém fesi metoda postupného vybéru 1223,

Postupny vybér je v oblasti klinického vyzkumu Siroce pouzivanou technikou
variabilniho vybéru. Tato metoda je kombinaci doptednych a zpétnych postupii, které umoziiuji
,pohyb®“ v obou smérech, pfiddvani a odebirani proménnych v rtznych krocich. Metoda
postupného vybéru vyzaduje dvé samostatné hladiny vyznamnosti pro pfidavani a redukci
proménnych z modelu. Hladiny vyznamnosti pro pfiddvani proménnych by mély byt nizsi nez
pro mazani proménnych, aby se proces nedostal do nekone¢né smycky >4,

Metodou vybéru vSech moznych kombinaci se kontroluje kazdd mozna kombinace
proménnych, aby se urcila nejlep$i podmnozina proménnych pro predikéni model. Pomoci

tohoto postupu jsou vytvoieny vSechny modely s jednou proménnou, se dvéma proménnymi, se

tfemi proménnymi atd. Pokud existuje K proménnych, pak existuje 25 modeld, které 1ze sestavit
25

1.1.1.5. Kritéria pro vybér proménnych

U vSech metod postupného vyb&ru je potfeba nastavit kritéria pro zahrnuti nebo
vylouc¢eni proménnych. Obecné se pro testovani hypotéz pouziva standardni hladina
vyznamnosti (p-value), kterd neni vhodnéa pro vSechny typy modeld. S vyhodou lze pouZzit
statistické metody jako Akaike informacni kritérium (Akaike Information Criterion, AIC),
Bayesovské informacni kritérium (Bayesian Information Criterion, BIC), Mallowova statistika
Cp (Constant p) >4,

Tradi¢ni volba hladiny vyznamnosti je 0,05 nebo 0,1, nicméné je doporuceno volit vySsi
hladinu pro vybér proménnych, aby nedoslo ke ztrat¢ proménnych relevantnich pro vysledek
21,26

AIC je nastroj porovnavajici rizné modely. V pribéhu vytvareni modelu mize dochéazet
k urcité ztraté¢ informaci. Proto model nemiiZze pfesné reprezentovat skuteCny vztah, ktery
existuje v datech. AIC se snazi odhadnout relativni ztratu informaci ve srovndni s jinymi
potencionalnimi modely. Pfedpoklada se, ze kvalita modelu je lepsi s mensi ztratou informaci a

cilem je vybrat model, ktery minimalizuje toto riziko 272,
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BIC je dalsi kritérium vybéru proménnych, které je podobné jako AIC, ale s jinou
penalizaci za pocet proménnych zahrnutych v modelu. Dle AIC je nejlepsi model pouze
aproximaci skute¢ného modelu a skute¢ny model, ktery reprezentuje realitu, neexistuje. Naopak
zékladni teorii BIC je, Ze data jsou odvozena z jednoduché¢ho modelu a existuje kandidatni
model, ktery predstavuje skute¢ny model. Jinymi slovy, pokud je nasim cilem vybrat nejlepsi
model, ktery poskytne maximalni piesnost predikce, pak je vhodnéjsi AIC. Pokud je vSak cilem
vybrat spravny model, ktery je konzistentni, pouZijeme BIC 27,

Mallowova statistika Cp se pouziva jako kritérium pro vybér modelu sestaveného

pomoci podmnoZiny proménnych 3!,

1.1.1.6. Typy predikénich nastroji a tvorba modelu

Ke generovani predikénich modeld v biomediciné mlizeme pouzit jak vicerozmérné
statistické metody, tak techniky strojového uceni (Machine Learning, ML). ML je aplikace
umélé inteligence (Artificial Intelligence, Al). Al oznacuje schopnost programovat pocitace
(nebo obecné;ji stroje), které jsou schopny fesit komplikované a obvykle velmi ¢asoveé naro¢né
tkoly 3273°, Jak statistické metody, tak ML se pouZivaji v analyze k dosaZeni stejného cile — k
ziskani prediktivniho modelu.

Jednou z nejcastéjsSich statistickych metod ve vyvoji predikénich nastroji jsou regresni
techniky, jejichz vysledkem je regresni vzorec. Cilem predikéniho regresniho modelu je rozradit
pacienty podle miry pravdépodobnosti dosazeni urCitého vysledku. Napiiklad, pokud ma
pacient zvySenou Sanci na relaps onemocnéni, 1ékaf se miiZze rozhodnout pro agresivngjsi 1écbu,
nebo pokud ma pacient vysoké riziko vzniku vedlejSich ucinkid, mize byt indikovana mirnéjsi
lécba.

Vysledné proménné mizeme rozliSit na spojité proménné nebo kategorické. Spojité
proménné jsou popsany c¢iselnymi hodnotami a k jejich predikci se Casto pouzivaji linearni
modely. Kategorické proménné jsou omezeny na pocet tiid nebo kategorii a pro jejich predikci
pouzivame klasifika¢ni modely. Pokud ma vysledek dvé kategorie, oznacuje se to jako bindrni
klasifikace a typickymi technikami jsou rozhodovaci stromy a logisticka regrese. Pro binarni
vystupy lze rozlisit dva typy predikénich nastroji: (A) diagnosticky predikéni model, k odhadu
diagnozy; a (B) prognosticky predikéni model, k odhadu prognoézy pacienta.
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Podle predpokladaného vztahu mezi odpovédi a prediktorem se u regresnich model voli
konkrétni typ regresni techniky (modely predpokladaji aditivitu a linearitu asociaci mezi
prediktory a vysledkem (v linearni regresi), mezi prediktory a logaritmickou pravdépodobnosti
vysledku (v logistické regresi) nebo mezi prediktory a log hazard nebo log kumulativnim
rizikem (v Coxové regresnim modelu proporciondlnich rizik)). Pfedpoklad linearity znamena,
ze sklon regresni kiivky (nebo odhadovaného koeficientu) ma stejnou hodnotu v celém rozsahu
prediktoru a pfedpoklad aditivity znamena, ze zména hodnoty nékterého z prediktorti bude mit
vzdy stejny ucinek na vysledek, bez ohledu na hodnoty ostatnich proménnych. Regresni metody
nekladou predpoklady na distribuci prediktorovych proménnych. Nicméné nékteré spojité
proménné (napt. hladiny biomarkerti) ¢asto funguji 1épe po transformaci na zhruba normalni
distribuci (u proménnych, které mohou nabyvat jen kladnych hodnot, se pouziva pfirozeny
logaritmus) *°. Analyzy vyzadujici typ prediktivniho modelovéni pracujiciho s ¢iselnymi nebo
spojitymi proménnymi vyuzivaji statistické metody vicenasobné regrese. V mnoha klinickych
situacich je dulezité nejen to, zda k jevu ¢i vysledku dojde, ale také za jak dlouho. To se nazyva
analyza ¢asu do udalosti a typickym ptikladem je analyza pteziti. Kaplan-Meierovy kiivky jsou
Siroce pouzivany pro zkoumani vlivu kategorickych proménnych %7, zatimco Coxiv regresni
model proporciondlnich rizik navic umoziiuje zkouméni kvantitativnich proménnych .

Jak jiz bylo zminéno, kromé& standardnich statistickych metod miiZeme pouZit techniky
ML a/nebo jejich kombinaci. Tyto metody jsme v naSich studiich neaplikovali, nicméné jsou
dilezitym nastrojem v procesu prediktivniho modelovani, proto je zde okrajové uvedu.
Rozhodovaci stromy (Decision Trees) jsou v medicing oblibené, protoze koncept rozhodovaciho
stromu odréazi postup lékate, kdyz pacientovi klade fadu otazek, aZ kym nedojde k urcitému
zavéru/ rozhodnuti *°. Pocatecni bod a body, kde se strom vétvi se nazyvaji ,.kofenovy uzel* a
,»vnitini uzly*. Koncové body kazdé vétve se nazyvaji ,,listy“. Existuje Siroka Skala algoritmt
rozhodovaciho stromu, které mohou ptedpovidat binarni, ale i vicenasobné vysledky. Jako
kazdy model bude rozhodovaci strom ptedpovidat vysledek na zdkladé hodnot vstupnich
Support Vector Machine neboli SVM je modelovaci metoda, kterd velmi dobie pracuje s
vysokorozmérnymi daty na principu jejich transformace z nelinedrniho do linearniho prostoru
40 Nevyhodou je ndro¢nost a doba provedeni vypodtu, a také vyssi riziko presyceni modelu pii
pouziti této metody. Ptesnost predikce 1ze zvysit kombinaci ptedpovédi vice modelti pomoci

CN19

tzv. ,,meta-learnerd” neboli Ensebmle metod. Tyto metody pracuji tak, ze generuji zakladni
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klasifikatory ze sady tréninkovych dat. Existuji dva pfistupy: tzv. ,,posileni* modelu neboli
Boosting, a ,,bali¢kovani* modelu neboli Bagging *!. Boosting vytvaii fadu modeli stejného
typu (jako jsou rozhodovaci stromy), kde jsou nové modely ovlivnény tim, jak dobie fungovaly
piedchozi modely **. Jde o interaktivni proces, kde se nové modely zaméfuji na nipravu
drive nespravné klasifikovany, budou mit prioritu v nasledném vytvareni modelu. Bagging se
od boostingu lisi tim, ze stavi modely nezavisle na sob¢ a nenabizi modelim zadné vahy v
procesu hlasovani *!. Aby bylo mozné piedpovédét pravdépodobnost pieziti ve zvoleném
¢asovém rozpéti, poskytuje vétsina metod ML binarni vysledek ****. Nicméné 1ze kombinovat
metody ML s Bayesovou vétou, kterd je prostiedkem pro vypocet podminénych
pravdépodobnosti. Krom¢ toho je mozné vytvorit hybridni model, ktery ma strukturu
rozhodovaciho stromu, ale listy jsou klasifikatory — tzv. naivni Bayestuv klasifikator, které

poskytuji pravdépodobnosti binarnich vysledkt +>*4.

1.1.1.7. Software

V soucasnosti je k dispozici mnoho riznych softwarovych prostfedi pro generovani
predikénich modelli. N&které z nich, napf. Python, R nebo Matlab, vyzaduji znalosti
programovani, nicméné maji k dispozici integrovana vyvojova prostiedi, jako je RStudio proR
a Spyder pro Python. Navic mohou mit bohaté open-source knihovny ptizptisobené specialné
pro ML, napiiklad Caret pro R a Scikit-learn pro Python **°. Jiné balicky maji grafické
uzivatelské rozhrani a schopnost programovat neni povinnd, jako Statistical Package for the
Social Sciences (SPSS), Statistical Analysis System (SAS) nebo Orange. Zvlastni zminka je
vyhrazena distribuci Anaconda, ktera na jediné platformé hosti mnoho nejpouZivanéjsSich
softwarovych balikli pro predikéni modelovani (RStudio, Spyder, Jupyter Notebook, Orange a
dalsi) [https://www.anaconda.com/distribution/]. K tomu, jak spravné a efektivné tato prostredi
a baliky vyuZzivat, slouzi online dostupné kurzy (n¢kdy oznacované jako Massive Open Online

Courses, MOOC).

1.1.1.8. Pouziti klinickych predikénich modelt
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Steyerberg definoval oblast vetejného zdravi, klinickou praxi a 1ékafsky vyzkum jako tii
hlavni aplikacni odvétvi pro klinické predikéni modely. Predikce budouciho vyskytu
onemocnéni je jednim z hlavnich uceld, ktery by mohl byt pouzit pro cileni preventivni
intervence v oblasti vefejného zdravotnictvi *’. Pro vyuziti v klinické praxi mame né&kolik
moznosti: (I) rozhodnout, zda potiebujeme dal$i testovani, na =zaklad¢ predikce
pravdépodobnosti zdkladniho onemocnéni (napi. poskytnout invazivni a néakladny test
pacientiim s vysokym rizikem rozvoje onemocnéni, abychom snizili zbytecné poskozeni; (II)
rozhodnout, zda potiebujeme zahdgjit 1éCbu/pouzit intenzivnéjsi léCbu/provést nakladovou
efektivitu 1écby/odlozit 1é¢bu pomoci rozhodovaci analyzy (napf. 1écbu zahdjime po
diagnostickém zpracovani, pokud je pravdépodobnost diagndézy vysSi nez léCebny prah
(pravdépodobnost, kdy se ocekavany ptinos 1écby rovnd ocekdvanému piinosu vyhnuti se
1€¢be)); (III) rozhodnout, zda potiebujeme operaci, vyvazenim kratkodobych rizik (napf.
30denni mortalita) a dlouhodobych rizik (napt. dlouhodobého pteziti). V oblasti medicinskeho
vyzkumu méme dvé hlavni moznosti vyuziti: (I) v interven¢nich studiich pro vybér vhodnych

¢astnikil a Gpravu kovariat. (II) v observaénich studiich pro tipravu zavadéjicich faktort 7.

1.2. Zanétliva stirevni onemocnéni

Zanétliva stfevni onemocnéni (IBD) piedstavuji skupinu chronickych, polygenné
podminénych onemocnéni postihujicich primarné gastrointestinalni trakt. Mezi tyto nemoci
fadime Crohnovou nemoc (CD), ulcerdzni kolitidu (UC) a tzv. neklasifikovatelné IBD (IBD-U)
8 Nicméné klasifikace IBD je slozitd a vyznacuje se mnoha vzacnymi fenotypy, které jsou
atypické nebo neobvyklé. Vyzaduje rozpoznani typickych znakt CD a UC, identifikaci
atypickych fenotypt, které jsou stale v souladu s diagn6zou CD nebo UC, a znalost téch faktord,
které vylucuji diagnézu jednoho nebo druhého #°. Stile aktudlngjsim tématem je klasifikace

onemocnéni ve vztahu k odpovédi na zvolenou terapii *°.

1.2.1. Kilinicky obraz zanétlivych strevnich onemocnéni

Ptestoze ptiznaky IBD mohou byt riiznorodé, jedna se predevsim o klinické projevy
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chronicky probihajiciho zanétlivého postizeni gastrointestinalniho traktu 352, Krvavy priijem
je nejcastéjsim priznakem UC, zatimco CD se muze projevovat neurcitou bolesti biicha,
prijmem, nevysvétlitelnou anémii, horeckou, ztratou hmotnosti nebo zpomalenim ristu.
Klasick4 ,,tridda“ bolesti bficha, priijmu a hubnuti se vyskytuje pouze u 25% pacientii s CD *°.
Extraintestinalni projevy, mezi které patii napft. artritida, kozni projevy (erythema nodosum,
pyoderma gangrenosum) nebo uveitida, se mohou projevit pfi diagndze u 6 % az 23 % déti s
vyssi frekvenci u déti starsich 6 let 313453,

V prubéhu sledovani pacientt je typické stiidani klidovych obdobi onemocnéni (remise)
a vzplanuti zanétlivé aktivity (flare). Navozeni a nasledné udrzeni remise ma vyznam ve vice
rovinach péce o pacienta a jeho progndze, jelikoz Casté nebo déletrvajici obdobi s vysokou
aktivitou onemocnéni mohou nepiiznivé ovlivnit samotny stfevni zanét a jeho priib&h >°. Navic

mohou vést k rozvoji s onemocnénim asociovanych komplikaci a také vyznamné zasahovat do

psychosocialni roviny Zivota pacienta >’

1.2.2. [Etiologie a patogeneze zanétlivych stifevnich onemocnéni

Etiologie IBD nebyla dosud spolehlivé popsana. Na rozvoji imunitné podminéného
sttevniho zanétu se s velkou pravdépodobnosti podili kombinace vice faktorGi u geneticky
disponovaného jedince, proto mluvime o polygenné¢ podminénych multifaktoridlnich
onemocnénich. Je ziejmé, Ze zde zasadni vyznam hraji faktory zevniho prostredi >, Existuji
také vzacné se vyskytujici monogenné podminéné typy IBD, kde je fenotyp onemocnéni
definovan konkrétnim genetickym defektem a zevni prosttedi nehraje prakticky Zzadnou roli 5%
62

Hledéani a studium rizikovych faktorfi ve vztahu k IBD je z4jmem mnoha védeckych
skupin. Co se tyce faktorti zevniho prosttedi, jsou zde zasadni limitace v jejich interpretaci,
jelikoz prace na toto téma byly provedeny jako observacni studie. Pfinasi ndm tedy informaci o
asociaci mezi IBD a sledovanym rizikovym faktorem, nikoli o kauzalité. Studie u dospélych
popisuji asociaci mezi koufenim cigaret a zvySenym rizikem rozvoje CD, a to az 0 90% u
aktivnich kufdk(i ve srovnani s kontrolni skupinou ®. Naopak u diagnézy UC je kouieni
asociovano s niz$im rizikem vzniku onemocnéni a je proto chapano jako protektivni faktor .

Kontroverzni jsou prace posuzujici vztah CD a appendektomie povazovanou za rizikovy faktor
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rozvoje onemocnéni. Jelikoz u sledovanych pacienti dochazi k poklesu rizika na populacni
v prub¢hu péti let po chirurgickém vykonu, mohlo by se jednat o nepfesnost v ptivodni diagnoze
65, Velkym tématem je i vliv stravovani ve vztahu k IBD. Né&kolik praci popisuje nepiiznivy vliv
tzv. ,,zapadniho® trendu ve stravovani na rozvoj onemocnéni %%, Recentni studie véetng
rozsahlé meta-analyzy ukazuji na asociaci mezi zvySenou konzumaci tzv. prumyslovychneboli
,ultrazpracovanych® potravin a vyskytem CD %%°. Ve srovnani s UC by mohla mit strava u CD
vétsi vyznam a biologicky tcinek 8. V jiné studii byl vyssi pfijem vldkniny spojeny s niz§im
rizikem vzniku CD 7°. Stfevni mirkobiom je u pacientli s IBD velmi podrobné zkouman a
v soucasnosti piinasi védecka sféra fadu publikaci na toto téma tykajici se kvantity, diverzity a

zastoupeni jednotlivych mikrobidlnich kmenti a jejich produktd %72

. Nicméné, nebylo
jednoznaéné prokazano, jestli jsou dané¢ zmény mikrobiomu ptic¢inou nebo nasledkem stievniho
zan&tu. V souvislosti s infekcemi nebo antibiotickou 1écbou jsou vysledky ve vztahu ke vzniku
IBD kontroverzni bez jednomysIného zavéru *~7®. Nejednozna¢ni vysledky piinasi i prace u
détskych pacientl sledujici mozny protektivni vliv kojeni na rozvoj IBD a také studie k ovéteni
hygienické hypotézy nebo zabyvajici se psychickym stresem ve vztahu k IBD 9747980,
Geneticka predispozice pacienta se uplatiiuje v patogeneze onemocnéni u vsech jeho forem
s vétsim podilem u pacientd s CD (nejsilnéji asociované varianty jsou napiiklad v genech
NOD2, IL23R, ATGI6L1, IRGM, PTPN22) ¥, Vyznamnou roli sehravaji genetické defekty u
vzniku monogenné podminénych IBD charakterizované velmi Casnym nastupem (poruchy

signalizace IL10, IPEX syndrom, deficience XIAP, chronickéa granulomatoza a dalgi) 2.

1.23. Epidemiologie zanétlivych stievnich onemocnéni

Vyskyt IBD je charakterizovan vyznamnou geografickou rozdilnosti 32734 Nicméng, tyto
rozdily se s nartistajici industrializaci v oblastech s rychlym socio-ekonomickym rozvojem
postupné zmensuji %%, Poget pacientli s diagnézou IBD v zemich ,,zdpadniho svéta“ se

nestabilizoval a i nadale narusta 348,

Severni Amerika a Evropa jsou regiony s
nejvyznamngj$im vyskytem IBD v populaci a viibec nejvyssi incidence IBD byla zaznamenéna
na izemi Faerskych ostrovii ¥’. Dle ned4avné meta-analyzy je celkovy pocet IBD ve Spojenych
statech americkych aproximovan na 1,5 milionu pacientt 3. Odhaduje se, Ze v Evropské unii je

IBD postizeno 1,3 milionu obyvatel, a ptfedpoklada se, ze do roku 2030 bude prevalence
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dosahovat 1 % 558,

V détské populaci je pozorovan tzv. severo-jizni gradient vyskytu IBD, coz opét
odkazuje na mozny podil faktori zevniho prostfedi na vznik onemocnéni. Celkovy trend
incidenci CD 1 UC u d¢ti je neptiznivy a poukazuje na narast poctu détskych IBD (v roce 2022
byla v zapadni Evrop¢ uvadéna incidence v rozmezi 5,4-17,4 / 100 000 s odhadovanou
prevalenci 58,9-66,3 / 100 000) *°. V Ceské republice je incidence nasledujici: CD 5,2-6,2 /
100 000 a UC 2,8-3,4 / 100 000 °!.

1.24. Diagnostika zanétlivych stif‘evnich onemocnéni

Diagnoza IBD v détském veku je dle souc¢asnych doporuceni mezinarodnich spole¢nosti
stanovena az po provedeni endoskopického vySetfeni gastrointestindlniho traktu -
ezofagogastroduodenoskopie a totalni koloskopie do termindlniho ilea s histologickym
vySetfenim bioptickych vzorki ze vSech vizualizovanych etdzi a zobrazeni tenkého stfeva
(nejcastéji magnetickou rezonanéni enterografii, MRE) a jejich zhodnoceni podle tzv. Portskych
kritérii, jeZ byly aktualizovany 52,

Na zaklad¢ endoskopického vySetieni je mozné s velkou pravdépodobnosti rozhodnout
o pfitomnosti, resp. nepfitomnosti diagnozy. JelikoZ se jednd o invazivni vySetfeni u déti
probihajici v celkové anestezii, je na misté pouzit jiny néstroj k identifikaci pacientt s pfiznaky,
ktefi nakonec podstoupi kompletni diagnosticky algoritmus. V Gvodu by méla byt vySetiena
mozna infekéni pficina klinickych pfiznakl. Dal$im krokem je patrdni po laboratornich
znamkéach imunitné podminéné zanétlivé aktivity ve stievé (CRP (C-reaktivni protein), ESR
(sedimentace erytrocytl), hladina hemoglobinu a albuminu, pocet trombocytl), které s riznou
senzitivitou a specificitou samostatné a v kombinacich poukazuji na mozZnou pfitomnost IBD.
VysSetteni hladiny protildtek ANCA (anti-neutrophil cytoplasmic antibody; protilatky proti
cytoplasmé neutrofilll) a ASCA (anti-Saccharomyces cerevisiae antibody; protilatky proti
Saccharomyces cerevisiae) nepiinasi z pohledu diagnostiky IBD zasadni informaci ve srovnani
z vySe uvedenymi hematologickymi a biochemickymi parametry **. Naopak klicovy vyznam
pro diagnosticky screening maji biomarkery ziskané ze stolice °*. Nejvice studovanym
markerem stfevniho zanétu je v tomto smyslu fekalni kalprotetkin (FC), kterému je vénovana

samostatna podkapitola disertacni prace *>%7.
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Vybrani pacienti dale podstupuji kompletni diagnosticky algoritmus popsany v tvodu.
Dle Portskych kritérii je mozné pacientovi pfifadit jeden ze tii fenotypt (CD, UC, IBD-U).
K bliz§imu urceni intenzity a rozsahu stfevni zanétu slouzi tzv. Montrealska klasifikace a jeji

Patizsk4 modifikace pro détské pacienty 75

1.25. Terapie zanétlivych stfevnich onemocnéni a jeji mozné nezadouci uc¢inky

pacienty s IBD. Pro klinickou praxi byl na zakladé systematického prohledani dostupné
literatury a ndzori odbornikli navrzen tzv. ,, Treat-to-Target™ koncept s definici optimalnich
lécebnych cilli. Zamérem tohoto pristupu je selektovat pacienty z pohledu co nejptesnéjsi
predikce nekomplikovaného priibéhu onemocnéni '®. Volba 1éebné strategie se odviji od
zakladni diagnozy (CD vs. UC), nicméné s narlstajicim vyznamem personalizované terapie
pacientfi s IBD se li§i i v ramci jedné diagnozy "', V tomto ohledu pak sehravaji diilezitou
roli informace o rozsahu a chovani onemocnéni, véku pacienta, pfitomnosti poruchy ristu,
vyskytu moznych nezadoucich uginkii souvisejicich s 1é¢bou a kvalité Zivota pacienta %1,
Vyznamnym aspektem pti volbé spravného terapeutického postupu je identifikace pacientli ve
vysokém riziku komplikovaného pribéhu onemocnéni. Za mozné prediktivni faktory jsou
povazované mlady veék v dob& diagndzy, extenzivni forma nemoci, postizeni horniho
gastrointestinalniho traktu, zdnétlivé postiZeni ilea, perianalni CD, strikturujici nebo penetrujici
forma onemocnéni, vyskyt hlubokych ulceraci pti endoskopickém vySetfeni, koufeni, nutnost
uzivani systémovych kortikoidéi v dobé diagndzy a nékteré varianty genu NOD2 73104111
Vychazi se ze studii na kohortach dospé€lych pacientt s IBD, jelikoz data u déti nejsou jednotna
a faktory predikujici komplikovany priibéh nebyly dosud jasn& vymezené ''2,

Terapeutické pfistupy jsou v soucasnosti mnohem promptnéj§i nez v minulych
dekéadach, coz znamena, Ze pacienti jsou jiz v pocatecnich stadiich nemoci (pfedevsim u CD)
stale Cast&ji 1éCeni intenzivni terapii. I pfesto je v 1écbé pacientll s nové diagnostikovanou
nekomplikovanou formou CD doporucena indukce remise pomoci specidlni diety. V ptipadé
pacientil s mirnou az stfedné t¢Zkou aktivitou onemocnéni (definované na zaklad¢ klinického
indexu wPCDAI) je k navozeni remise mozné pouzit tzv. Crohn’s Disease Exclusion Diet

(CDED) misto hiife tolerované vyhradni enteralni vyzivy (EEN) %112V publikované
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intervencni studii dat oba dietni piistupy vedly k navozeni remise u détskych pacientti s nove
diagnostikovanou CD, nicmén& CDED byla pacienty 1épe tolerovana ''*. V piipadé intolerance
nebo nedostatecného efektu dietnich opatfeni je mozné v rdmci indukce remise piistoupit
k podani kortikoidfi nebo zvolit kombinovanou antibiotickou terapii ''*. Soucasné s indukéni
1é¢bou se doporuéuje zahajeni udrzovaci terapie ''°. U détskych pacientl byl prokdzdn pomérné
velky protektivni vliv thiopurinii na dobu trvani remise ''®. Dal§im prepardtem pouzivanym
k udrzeni remise onemocnéni je methotrexat. Jeho indikace vSak vychazi zejména z praci na
dospélych pacientech '7. V piipadé jedinci s rizikem komplikovaného priibéhu je indikovana
intenzivni terapie ihned v tivodu s pouzitim preparatii inovativni a biologické 1écby. V soucasné
dob¢ nejcastéji protilatky proti tumor-nekrotizujicimu faktoru alfa (aTNF) infliximab (IFX)
nebo adalimumab (ADA) '!. U ¢&asti pacientd s lokalizovanou formou CD s piitomnosti
striktury v ileocékalni oblasti a prestrikturickou dilataci, penetrujici formou onemocnéni, t€Zkou
rastovou retardaci nebo refrakteritou ke konvenéni terapii je mozné indikovat chirurgickou
1é¢bu, a to nejcast&ji provedeni ileocékélni resrekce '°!. Nasledné je potfebné pravidelné
endoskopické sledovani pacientl a v ptipadé rekurence onemocnéni smétovat k eskalaci terapie
18 U dospélych pacientt byly definovany rizikové faktory souvisejici s nutnosti dal3i 1écby,
které jsou vzhledem k insuficientnim pediatrickym datéim aplikovany i u déti '°.

V 1écbé UC ma zasadni vyznam objektivni hodnoceni intenzity onemocnéni. U détskych
pacientll je vyuZzivan klinicky index aktivity onemocnéni PUCAI ktery tésné¢ koreluje
s endoskopickou aktivitou kolitidy 22!, Podle definitivniho skore se voli teraputicky postup —
u mirn¢ az sttedn¢ aktivniho onemocnéni 1ze zahdjit monoterapii 5-aminosalicylaty (SASA); od
sttedn€ zavaznych UC by se mélo zvazit podani systémovych kortikoidii. Po navozeni remise
se doporucuje pokracovat v udrzovaci terapii SASA. U pacientl s trvajici aktivitou onemocnéni
nebo s opakovanymi relapsy se doporucuje do terapie piidat thiopuriny. Preparaty biologické
1é€by jsou volbou pro jedince s kortikodependentni nebo chronicky aktivni formou onemocnéni.
V pfipadé¢ zivot ohrozujici akutni tézké kolitidy je vzdy zahajena terapie intraven6zné
aplikovanymi kortikosteroidy a sou¢asné prerusena terapie SASA. Pokud nedochazi k odpovédi
na danou terapii, je indikovana eskalace ke druhé linii 1é€by reprezentované IFX, tacrolimem
nebo cyclosporinem '?2. Alternativou dané situace je pouZiti novych léebnych modalit
(inhibitory Janus kindzy (JAK)), ev. v pfipad¢ pacientli neodpovidajicich na medikament6zni
1é¢bu se ptistupuje k provedeni kolektomie 22122,

Od roku 1999, s ptichodem preparatt biologické 1écby pro IBD (aTNF; IFX), se cile
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1é¢by posunuly od dosazeni klinické remise ke kombinaci kontroly symptomt a slizni¢niho
hojeni (mucosal healing (MH)) !2*. Mezitim se terapeutické armamentarium podstatné rozsiiilo
zavedenim né€kolika dalSich aTNF protilatek (véetné ADA; golimumabu (GLM) a subkutani
formy IFX), anti-integrinové 1écby (napt. vedolizumab (VDZ)) a protilatkdm tlumicim anti-
IL12 /23 (napt. ustekinumab (UST), rizankizumab (RZB), mirikizumab) '>"1?8, Postupné se do
klinické praxe dostavaji tzv. malé molekuly piedev§im ze skupiny JAK inhibitora (napf.
tofacitinib, upadacitinib), a také modulator receptoru pro sfingosin-1-fosat (ozanimod) '2%1%°,
Ptiblizné jedna tfetina pacientll s IBD nereaguje na 1écbu aTNF (primarni nonrespondéfi) a
dalsich 30 % pacientii ztraci v priibéhu ¢asu odpoveéd 3% 132, Bez priméarni odpovédi na VDZ a
UST je priblizné 40 % a 35 % pacientd, nicméné se jedna o skupinu pacientid refrakternich ke
konvenéni terapii '**713, Studie VARSITY je head-to-head RCT zaméfena na rozdily v
ucinnosti konkrétnich preparati biologické 1é¢by srovnavajici VDZ s ADA u pacienti s UC.
V 52. tydnu terapie byla v klinické a endoskopické remisi vyznamnégj$i proporce pacientl
lécenych VDZ (31 % versus 23 %, P = 0,006) *7. Tyto vysledky podporuji dalsi studie u
pacientli s UC, kdeZto u jedinct s CD nebyly nalezeny zasadni rozdily mezi VDZ a 1é¢bou aTNF
preparaty 13813 U pacientli s CD, u kterych selhala aTNF terapie, byla prokdzana vy3si mira
endoskopické remise v pripadé preparatu RZB ve srovnani s UST '“*!*! Dalgi prace SEAVUE
neprokézala lepsi ti¢innost UST oproti ADA u pacientti se stiedné t&zkou az t&zkou CD '*2,
Z network meta-analyzy vyplyva, Ze u€innost aTNF preparatl je podobna jako u VDZ.
Nicméné, u IFX je popisovana vyssi uspéSnost v ramci indukéni 1é¢by a u UST naopak nizsi
mira odpovédi a remise na konci indukéni faze terapie ve srovnani s VDZ 43, Jak naznacuje
dal$i network meta-analyza u pacientl se stfedné t¢Zkou az té¢Zkou CD by m¢l byt v prvni linii
preferovan IFX v kombinaci s AZA nebo ADA v monoterapii, nasledovan RZB nebo ADA ve
druhé linii indukéni 1é¢by '%°. Data z redlni klinické praxe poukazuji na srovnatelnou i¢innost
UST a aTNF preparaty v navozeni remise u pacientdi s CD ',

Jednotlivé preparaty biologické 1éCby se liSi charakterem i mirou rizika rozvoje
nezadoucich uc¢ink. U aTNF je nejcastéjSim projevem kozni 1éze psoriasiformniho, méné
frekventné atopického charakteru, coz popisuje i1 retrospektivni studie u détskych pacientt
lé¢enych IFX (48% mélo kozni projev v priibshu 2 let sledovani) '*3. Vyznamnou akutni
komplikaci je infuzni reakce, ktera je divodem k ukonceni podavéani dané biologické 1é€by. Na
jejim vzniku se mohou podilet tvofici se protilatky proti aTNF, které jsou v urcitych ptipadech

146

zodpovédné i za ztratu terapeutické odpovédi *°. aTNF 1écba je také spojena s vy$Sim rizikem
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z4vazné probihajicich oportunnich infekci '47.

Ve vztahu k nezddoucim uc¢inktiim terapie IBD je dilezité zminit thiopuriny. Mezi
nejcastéjsi negativni projevy 1éCby patii gastrointestindlni intolerance, reakce alergického typu,
myalgie a artralgie, suprese kostni dfené a rozvoj akutni pankreatitidy '*!4°. Nejobavangjsim, i

130 Jsou popisovany

kdyz vzacnym, rizikem je rozvoj nékterych malignich diagnéz
lymfoproliferativni onemocnéni, u kterych krome 1é€by sehrava velmi pravdépodobné svou roli
chronicky probihajici zanét °1-153. Castgji je také uvadén vyskyt dvou typti lymfomd, na jejichz
vzniku se vyznamné podili EBV infekce, proto byva vysetiovan EBV sérologicky profil

pacienta pied zah4jenim terapie thiopuriny '°!,

1.3.  Fekalni kalprotektin

Fekalni kalprotektin (FC) je kalcium a zinek vazajici protein pattici do rodiny S100 a
predstavuje ptiblizn€é 5 % celkové bunécné bilkoviny a 60 % bilkoviny obsazené v cytosolu
lidskych neutrofiltt '3*. Uvoliiuje se predevsim z neutrofild, v mensi mife také z monocytl a
aktivovanych makrofagti 1°°. FC je odolny vii¢i bakterialni degradaci a jeho plasmaticka hladina
se miize v priib&hu zanétu zvysit pét az Styficetinasobné *°. Stavy vedouci ke zvysenému priiniku
neutrofilli pres stfevni sténu do lumen stieva zptisobuji elevaci FC ve stolici, FC lze tedy
povazovat za specificky k detekci zanétu, nikoli specificky ke konkrétni nemoci'**!%°, Jak u
dospélych, tak u déti s IBD se ukdzalo, Zze hladiny FC koreluji s aktivitou onemocnéni
definovanou klinickymi parametry, endoskopickym nalezem a histologii '*7:1¢-16 FC je i dle
aktualnich doporuéeni povazovéan za vhodny marker pro monitoraci remise i relapsu IBD %,
Jeho velka variabilita vSak pfina$i mnoha tiskali. Na ni se mohou podilet rozdily v pre-analytické
(odbér) 1 analytické fazi zpracovani vzorku (metodika extrakce, odliSné testovaci soupravy,
apod.). Limitaci FC je i definice referencnich hodnot vzhledem k vyraznym rozdilim v
pediatrickém vékovém rozmezi a vliv individualnich faktort, jako je strava, 1éky, apod. '**. Ve
vSech téchto oblastech je tfeba jesté¢ mnoho objasnit. Lze ptedpokladat, ze bude treba dle

jednotlivych modalit 1é¢by nastavit nejen riiznd cut-off, ale také riizné ¢asové limity %5167,
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13.1. Role fekalniho kalprotektinu v procesu klinického rozhodovani v oblasti

zanétlivych stievnich onemocnéni

V naésledujicich podkapitolach se zaméfuji na vyuziti FC v procesu klinického
rozhodovani — od konkrétni hodnoty pies skorovaci systémy (resp. indexy), az po slozité
predikéni modely - a to v péti klinickych situacich, kterymi jsou diagnostika a fenotypizace
onemocnéni, monitorace aktivity onemocnéni, predikce efektu terapie, remise a relapsu

onemocnéni (obr. 3).

i .:;.-:1 :, T -:ut,.u.z

predikce klinické odpovédi,
predikce efektu terapie predikce endoskopického/ predikce relapsu
histologického MH

diferencidlni diagnéza mezi hodnoceni aktivity
IBD a IBS; mezi CD a UC onemocnéni

Obr. 3 Klinické situace u pacientti s IBD

13.2. Fekalni kalprotektin jako samostatny prediktor

1.3.2.1. Fekalni kalprotektin v diagnostice zanétlivych stfevnich onemocnéni

Dle studii je FC lepsi screeningovy néstroj na ptitomnost IBD u nediagnostikovanych
pacientll nez dalsi laboratorni vySetteni, jako je CRP, ESR, pocet trombocytli, hladina
hemoglobinu, nebo jejich kombinace **. V meta-analyze zaméfené na vybér pacientd k
endoskopickému vySetieni pro podezieni na IBD pomoci FC byla senzitivita 97,8 % (95% CI
94,7-99,6), avsak specificita byla jen 68,2 % (95% CI 50,2-86,3) pfi pouziti cut-off hladiny FC
50 pg/g °71%8. V jiné meta-analyze zahriujici i prace u déti, ktera studovala pouziti FC k odliseni
IBD od funk¢nich onemocnéni, byla pii pouziti cut-off hladiny FC 50 pug/g zjisténa senzitivita
93 % (95% CI 85-97) a specificita 96 % (95% CI 79-99) u dospélych, a 92 % (95% CI 84-96) a
76 % (95% CI 62-86) u déti a adolescentti '%°. Pocet indikovanych endoskopickych vysetieni by

se dle analyzovanych studii v daném obdobi sniZil 0 67 % u dospélych a 0 35 % u déti '®°.
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Diferencialni diagnostika zvySenych hladin FC je Siroka (napi. bakterialni nebo virova

gastroenteritida, juvenilni polyp, celiakie, cysticka fibroza, ap.) '6%170-173

hodnota ve screeningu IBD je 212 pg/g, ktera odpovida senzitivité 90 % (95% CI 0,87-0,93) a

. Nejlepsi mezni

specificité 87 % (95% CI 0,81-0,88), navic predikéni model zaloZeny na koncentraci FC a véku
predpovédél individudlni riziko IBD (AUC 92 % (95% CI 89-94 %)) 174,

Hodnoty FC jsou v obecné populaci vyssi u déti nez u dospélych. Prestoze byla zjisténa
tendence k niz§im hodnotam s rostoucim vékem, neexistuji referencni hodnoty pro konkrétni
vékova rozmezi !”°. Dle publikovanych studii bylo prokazano, Ze nejvyznamnéjsi rozdil v
hodnotach FC je dan vékovou hranici 4 roky '7°. Nejvétsi interindividualni variabilita byla
pozorovana u kojencti do 1 roku '”7.

Dle publikovanych studii nebyly nalezeny velké rozdily v hladiné¢ FC mezi jednotlivymi
fenotypy IBD 7178 U pacientli s CD bez postiZeni tlustého stfeva mohou zvysené hladiny FC
znamenat aktivni onemocnéni v tenkém stievé 718 Také mohou byt hladiny FC nizké u

H8,181-184 * [70]ovana CD horni &asti

pacienti s CD izolovanou na ileocekalni chlopeni
gastrointestinalniho traktu je vzacna a data o hodnotach FC v této skupiné pacientii chybi. U UC
byla nalezena nizka mira asociace mezi rozsahem onemocnéni a hladinami FC. Pouze na
zéklad¢ hodnot FC nelze rozlisit, zda se jednd o pankolitidu nebo levostrannou kolitidu . U

izolované proktitidy mohou byt hladiny dokonce v normélnim rozmezi ',

1.3.2.2.Fekalni kalprotektin v hodnoceni aktivity zanétlivych stfevnich onemocnéni Hladiny

FC jak u dospélych, tak u déti, koreluji s aktivitou onemocnéni definovanou

klinickymi parametry, endoskopickym nalezem a histologif 6186188

, a proto je FC vhodnym
markerem k monitorovani aktivity stfevniho zanétu u IBD pacientt.

Z aktualnich ESPGHAN doporuceni pro CD vyplyva, ze ¢im vice se hodnota FC blizi <
50 pg/g, tim vys$si je pravdépodobnost tplného endoskopického zhojeni '°11%. Dle meta-
analyzy byla senzitivita FC 82 % a specificita FC 72 % bez ohledu na pouZzité cut-off v prikazu
endoskopické aktivity onemocnéni CD '¥. Systematicky piehled doklada cut-off pro FC okolo
150 pg/g pro endoskopickou remisi '%.
Nicméné vzhledem k nizké spolehlivosti FC je rozmezi 100-250 pg/g povazovano za

Sedou zonu. Pediatricka studie ukazala, ze FC < 500 pg/g nebo pokles o > 50 % ma prediktivni
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hodnotu pro makroskopicky inaktivni onemocnéni '°°. Bézné& akceptovanou a dobfe testovanou
hodnotou pro pfitomnost aktivniho onemocnéni u UC i CD je cut-off FC 250 pg/g '°!. Nicméné
neni pfekvapenim, ze nckteré studie prokéazaly slabsi korelaci mezi FC a endoskopickou
aktivitou u CD s izolovanym postiZzenim ilea ve srovndni s onemocnénim tlustého stieva
157.158,160.192 “podobné Jones a kolektiv ukazali, ze hladina FC > 145 pg/g predikovala tézké
onemocnéni pii zobrazeni magnetickou rezonanci se senzitivitou 69,3 % (95% CI 57,6-79,5 a
specificitou 71,4 % (95% CI 53,7-85,4) '3, Dal§i scénate, kde se limity pro cut-off FC
v souvislosti s aktivitou onemocnéni mohou lisit, jsou v kontextu pooperacni CD. V post hoc
analyze studie POCER (Post-operative Crohn’s Endoscopic Reccurence Study) hodnota FC >
100 ng/g nejlépe predpovédéla endoskopickou rekurenci po operaci '**. Piisngj$i hodnoty pro
cut-off FC byly také spojeny se slizni¢nim a transmuralnim hojenim !°%195-1%,

U déti 1 dospelych s UC byla pospana tésna korelace FC s klinickou aktivitou
onemocnéni, endoskopickymi i histologickymi indexy aktivity '*°. Pro predikci endoskopické

aktivity je FC citliv&jsi neZ jiné laboratorni markery (CRP, ESR) 1.

1.3.2.3. Fekalni kalprotektin v predikci odpovédi na zvolenou 1écbu a v predikci

navozeni remise

Soucasna data naznacuji, Ze pokles FC stejné jako dosaZeni hodnoty FC pod urcitou
stanovenou hodnotu, ma jasny prognosticky vyznam. Dle nékolika studii FC ptedpovidal

189.200201 " déti s nové

dlouhodobé klinické vysledky ve 12. tydnu od zahajeni terapie
diagnostikovanym IBD bez ohledu na zvolenou terapii bylo dosaZzeno normalizace FC pfi cut-
off 250 pg/g v priméru za 11 tydnt u UC a za 37 tydnd u CD 2®. Cetné prospektivni a
randomizované kontrolované studie (RCT) prokéazaly vyznamné snizeni za 4-12 tydn@ 2°22%,
Doporuceni STRIDE-II nabidla ur¢ité voditko ohledné doby potfebné k dosazeni cilit 1éCby
(napt. definované i jako pokles/ normalizace FC) u UC a CD na zaklad¢ rtiznych 1é¢ebnych
modalit '%°, Podle dostupny dat je tedy mozné FC pouzit jako marker dosaZeni cile 1é¢by. U
pacientli s CD lé¢enych v indukénim rezimu vyhradni enteralni vyZzivou (EEN) mtzZe byt pokles
FC méné zietelny a miiZe se objevit za delsi dobu 6 az 8 tydni terapie *>2%°212; a po opétovném
zavedeni béZné stravy se tento pokles opét rychle ztraci 2°*!3. Mal4 studie u déti s endoskopicky

aktivnim IBD ukézala, ze FC se snizil v prvnich 2 mésicich 1é¢by glukokortikoidy. Pouze

30



mensina pacientli doséhla hladin pod 100 pg/g, i kdyz byla klinickd odpovéd’ povazovana za
dobrou a vétsina pacientll zaznamenala vzestup FC po ukonéeni 1é¢by glukokortikoidy 2'“.
Eskalace 1écby u pacientt s CD zaloZené pouze na vysledcich FC se v soucasnosti nedoporucuje.
Studie u dospélych i déti prokazaly, ze kombinace FC s CRP zvysuje piesnost detekce i predikce
aktivniho onemocnéni nez samotny FC 215218,

N¢kolik studii prokazalo souvislost mezi postindukénimi hodnotami FC a vysledky
aTNF terapie v jednom roce této 1écby. U CD studie uvadi, ze hodnota FC <300 pg/g nebo jeho
pokles 0 50 % ve 12. tydnu aTNF 1éCby byl spojen s remisi bez kortikosteroidii v prvnim roce
1é¢by 2°. Podobné u obou diagnéz bylo prokazano, ze postindukéni hodnoty FC 168 pg/g u CD
se senzitivitou 83 % a specificitou 76 % a FC 121 pg/g u UC se senzitivitou 79 % a specificitou
57 %, predikuji setrvalou klinickou odpovéd’ po prvnim roce 1é¢by aTNF ?2°, Molander et al.
uvadi, ze normalizace FC ve druhém tydnu aTNF terapie pfedpovida endoskopickou remisi v
10. tydnu u CD i UC (senzitivita 87 %, specificita 65 %; AUC 0,77 [0,65-0,89], P < 0,001,
spole¢né pro viechny IBD) 22!, U pacientli s mirnou a stfedn& aktivni UC lé¢enych IFX se
ukazalo, ze zvysené hodnoty FC pied 1é¢bou byly spojeny s endoskopickou odpovédi v 52.
tydnu (senzitivita 75 % a specificita 58 % pro FC cut-off 817 ug/g, P = 0,0001) 222, Dalsi prace
sledovala FC v souvislosti s trendem odpovédi na terapii kortikosteroidy (nonrespondeti 1100
ng/g vs. respondeti 864 pg/g, P = 0,08) a srovnavala hladiny FC u pacienti, ktefi podstoupili
kolektomii (1200 pg/g vs. 887 ug/g, P = 0,04) ?2*. Dat na vyuziti FC u akutni t&Zké kolitidy je
malo a tato studie naznacuje, Ze FC by mohl ptedpovidat odpovéd’ na prvni nebo druhou linii

terapie v této skupiné pacientt.

1.3.2.4. Fekalni kalprotektin v predikci histologické remise

U ¢asti pacientd, ktefi kompletné dosahli endoskopického zhojeni bez ohledu na danou
terapii, zlstavaji hodnoty FC ponékud zvySené, coZ ukazuje na probihajici zanétlivou aktivitu
na Grovni tkané (histologicka aktivita onemocnéni) 7?2422V tomto ohledu se vede diskuze,
zda existuje dostatek dikazli, ze navozeni histologické remise vede k déletrvajici remisi
pacientll. Rozdilna je situace u pacienti s CD a UC. U UC byl prokdzan jednozna¢ny benefit
histologické remise nad endoskopickou v predikci dlouhodobé remise a prevence

onkologickych komplikaci 2?23, Nicméné tohoto cile je obtizné doséhnout. Pouze u jedné
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tretiny pacienti s UC s makroskopickou remisi bylo sou¢asné dosazeno histologické remise 2%,

U CD jsou vysledky jesté neptiznivéjsi. Navic chybi data tykajici se jednotlivych 1é¢ebnych
modalit v efektu navozeni histologické remise a spolehlivy validovany néstroj k jejimu
hodnoceni 2**. I kdyz se zd4, Ze FC je asociovan tésnéji s histologickym neZ s endoskopickym
nalezem a mohl by byt vhodnym markerem k hodnoceni histologické remise *°, dalii studie
sledujici ptimo FC toto prokazuji pouze v terénu UC '%©235236 'V retrospektivni studii u déti s
UC doséahla hodnota FC 275 ng/g senzitivitu 94 % a specificitu 95 % v hodnoceni histologické
aktivity 237, Dtivodem, ktery se podili na rozporuplnych vysledcich u CD, miize byt vlastni
povaha onemocnéni — segmentélni transmuralni distribuce zanétu a komplikace jako jsou
striktury, které vedou k nereprezentativnimu odbéru vzorki #2°23%23% Navic doposud nebylo
dosazeno konsensu pro definovani histologické remise a ze 14 Ciselnych indexti byly pouze dva

parcialng validovany 23240,

1.3.2.5. Fekalni kalprotektin v predikei klinického relapsu onemocnéni

V soucasnosti je FC nejdiileZitéjSim nastrojem k detekci relapsu u pacientti s IBD, a to i
z divodu jeho schopnosti predpovidat vzplanuti onemocnéni u asymptomatickych pacientl
241292 Hladiny FC za¢nou stoupat pied klinickym nebo endoskopickym relapsem, jak bylo
ukazano u skupiny dospélych pacientii s IBD s laboratorni remisi potvrzenou endoskopicky 4.
Dle publikovanych dat 1ze FC pouzit k identifikaci pacientll vyzadujicich peclivé sledovani v
klinické praxi 22!**. Studie zkoumajici mezni hodnoty FC v predikci relapsu onemocnéni (u
konzervativné 1éceného onemocnéni) se pohybuji mezi 400 a 800 pg/g u pediatrické CD a UC,
a okolo 300 pg/g u dospélych pacienti s CD a UC 29228 Rozdil v hodnotach u déti a
dospélych by mohl odpovidat odlisSnym fenotyplim onemocnéni typickym pro danou vékovou
skupinu. Dle recentni meta-analyzy na toto téma byla hodnota FC 152 pg/g optimalni hranici
pro detekci pacientt s rizikem relapsu, a to se senzitivitou 72 % (95% CI 53-87 %) a specificitou
74 % (95% CI 62-83) 2%, V prospektivni multicentrické studii byly u pacientti s UC v klinické
remisi na terapii IFX hladiny FC stanovovany v ctyitydennich intervalech. Nejsilngj$im
prediktorem relapsu onemocnéni byly dvé po sobé¢ zjisténé hodnoty FC nad 300 pg/g v odstupu
mésice se specificitou 100 %, nicméné nizkou senzitivitou 62 % 2*!. Systematicky ptehled 6

studii ukdzal, ze u asymptomatickych pacienti s IBD méla po sob¢ se opakujici méteni FC
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souhrnnou senzitivitu a specificitu pro predikci relapsu béhem 2-3 mésict 78 % (95% CI 72-
83)a 73 % (95% CI 68-77), a AUC 0,83 242, Evidence tedy podporuje roli proaktivniho

priibézného monitorovani FC pro ¢asnou detekci relapsu onemocnéni 215,

1.33. Fekalni kalprotektin jako soucast indexii a skorovacich systémi

N¢kolik praci poukazuje na benefit kombinace FC s dal§imi proménnymi ve vztahu k
aktivité¢ onemocnéni v predikci vystupt 1é¢by. Pfelomova studie CALM zamétena na strategii
l1écby u dospélych s CD ukézala, ze kombinaci Indexu aktivity Crohnovy choroby (CDAI) s
laboratornimi markery (FC <250 ug/g a CRP <5 mg/l) lze pouzit jako lé¢ebny cil 2'°. Post hoc
analyza studie zjistila, Ze pfidani CRP k cilové hodnoté FC vyznamné zlepsilo vystupy v prvnim
roce 1é¢by 2°°. Vyvoj indexu MINI (Mucosal Inflammation Noninvasive Index) u pediatrickych
pacientll a podobna studie u dospélych, ktera vytvotila Utrechtsky index aktivity onemocnéni,
skutecné ukazaly, Ze pfidani CRP k FC dosahuje piesnéjsi vysledky v detekci endoskopické
remise nez samotny FC 212, Diky své neinvazivni povaze usnadiiuje MINI posouzeni
odpovédi na 1é¢bu a vybér pacienti indikovanych k endoskopickému vysetieni °!. V dalsi studii
u déti kombinace FC, CRP a PCDALI také velmi presné predikovala endoskopicky inaktivni
onemocnéni (negative likelihood ratio (NLR) 0,2) %>, Stejny cil mély i dalsi prace, ve kterych
piidani CDAI k FC zlepsilo AUC z 0,88 na 0,96 a ptidani CRP k FC zvysilo specificitu z 88 %
na 100 % v detekci endoskopické remise 2°*?%°, I fada jinych praci naznacuje vyhodu kombinace
vice potencionalnich prediktori vedouci ke zptfesnéni predpovédi pro vedeni dalsi terapie u
pacientii s CD 192217256257

FC neni soucésti indext hodnoticich aktivitu onemocnéni u détskych pacienti s UC. V
nékolika studiich bylo totiz ukadzano, Ze samotny klinicky index (PUCAI) koreluje 1épe s
endoskopickym nélezem nez FC a byl pouzity ve studii PROTECT jako voditko pro volbu
pocatecni 16&by pfi nastupu onemocnéni 120:121:185.258.239 Njzké PUCAI pti diagndze se zd4 také
dobrym prediktorem dlouhodobé remise a dobte koreluje s endoskopickym nalezem na sliznici

tlustého stieva !,
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134. Prediktivni modely a fekalni kalprotektin

V oblasti IBD bylo publikovanych nékolik praci zaméfenych na tvorbu modelt k
predikci komplikaci onemocnéni, odpovéedi na terapii imunomodulatory a preparaty biologické
1é¢by, potieby podavani kortikosteroidii a miru hospitalizace 26°2%*. FC byl pouzity jako soucast
nékolika z nich 264267,

Ve snaze predpoveédét endoskopickou remisi pacientii s UC 1écenych VDZ po roce 1é¢by
bylo testovano nékolik variant prediktivnich modeld. Do nékterych z nich byl ptidan také FC:
1) zdkladni model, s FC jako prediktorem pied zahédjenim terapie VDZ (AUC 0,58 [95% CI:
0,52— 0,63]); 2) slozeny model z dat v 0. a v 6. tydnu (AUC 0,73 [95% CI: 0,65-0,82]); 3)
zjednoduseny model s pomérem hladiny FC a VDZ v 6. tydnu 1é¢by s cut-off 12 ng/g (AUC
0,58 [95% CI: 0,52— 0,63]); 4) zjednoduseny model 6. tydne s cut-off FC <234 pg/g pro predikci
slozeného vysledku (AUC 0,71 [95% CI: 0,66-0,76]). Za nejlepsi model byl vybran model 2),
ktery zahrnoval zménu FC v prib¢hu Casu, hladiny VDZ a laboratorni vysledky v 6. tydnu.
Studie byla posouzena dle protokolu PROBAST jako studie s nizkym rizikem zkresleni (Risk
of Bias (ROB)) 2°7.

V dalsi studii u IBD pacientl lécenych thiopuriny autoii vyvinuli modely k predikci
pfitomnosti slizni€niho zanétu, kdy byla remise definovdna hodnotou FC, CRP a ESR (AUC
0,79 [95% C10,78-0,81]) 2% Studie byla hodnocena jako studie s nizkou ROB; autofi provedli
také hodnoceni predikéniho modelu dle doporuceni (Out of Bag (OOB)), aby minimalizovali
riziko ,,pfesyceni‘ modelu.

Jina studie byla zaméfena na predikci rizika hospitalizace a uzivani kortikosteroidt pfi
1é¢bg imunomodulatory a/nebo aTNF preparaty 2°%. Autofi vytvoiili dva typy modelii 1) bez
longitudinalnich dat; a 2) s longitudinalnimi daty. Ukazalo se, Ze zalenéni pribéznych dat s
pfedchozimi relapsy onemocnéni zlepSilo pfesnost jejich modelu (AUC 0,87 [95% CI 0,87—
0,88]) ve srovnani se spoléhdnim se pouze na vstupni data (AUC 0,85 [95% CI 0,84-0,85]).
Také tato studie byla posouzena jako studie s nizkym ROB.

FC se v kombinaci s dal§imi laboratornimi a klinickymi daty stal soucasti spolehlivych
prediktivnich modeld u IBD, nicméné vétSina z nich byla validizovdna jenom interné. Pokud by
se modely podafilo externé validovat, mohly by se stat soucasti bézné klinické praxe. To by
mohlo byt levnéj§i a souCasné mén€ pracné ve srovndni s tradi¢nim laboratornim
monitorovanim 26266, Tyto modely by mohly byt piinosné v piedpovédi odpovédi na 1écbu
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thiopuriny a preparaty biologické 1é&by, véetné novéjsich preparatt, jako je VDZ a UST 263-2¢7,
Dle recentniho ptehledu srovnavajiciho metody ML se standardnimi statistickymi metodami v

oblasti IBD, se ML zdaji byt efektivng&jsi 26°.
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2. Cile prace

V soucasné klinické praxi ma 1ékat k dispozici pomérné velké mnozstvi informaci o
pacientovi, podle kterych se snazi intuitivné odhadnout nejlepsi postup. Prekazkouje schopnost
zhodnotit relevanci informaci a dale omezeny ¢as k vytvoteni zavéru a volbé doporuceni. Z toho
divodu je snahou identifikovat konkrétni znaky pro jednotlivé klinické situace, které by
umoznily standardizovat bézny rozhodovaci proces ve chvili, kdy je mozné ovlivnit budouci
vysledek. Cilem tohoto piistupu je napliiovani principii precizni mediciny umoznujici
minimalizaci rizika nepfiznivého prib&hu onemocnéni a rozvoji s onemocnénim a/nebo 1écbou
asociovanych komplikaci na irovni konkrétniho pacienta.

Tématem disertaéni prace je vyuziti metod biomedicinské informatiky v oblasti
pediatrickych IBD. Soustfedili jsme se pfedevS§im na FC v predikci aktivity onemocnéni a
odpovédi na 1é¢bu. Dale také na hledani dalSich potencionalnich prediktivnich faktort a tvorbu
predikénich modeld pro konkrétni klinické situace u déti s IBD.

Piivodni hlavni podprojekt disertani prace nebylo mozné realizovat v plném rozsahu.
Ve spolupraci s Fakultou aplikovanych véd Zéapadoceské Univerzity v Plzni se podafilo
piipravit databazi pro systematicky prospektivni pseudonymizovany sbér a kategorizaci
klinickych, laboratornich a dal$ich udaji o pacientech s IBD. Nicméng, management Fakultni
nemocnice v Motole, a zejména vedeni Oddéleni informacnich systému, zavedeni databdze i
ptes opakované konzultace s pravniky nakonec po sedmi letech neschvalilo. Z vySe uvedenych
pfi¢in se nepodafilo uskutecnit jeji implementaci a naplnit tak dalsi cile prace s rozsifenim
vlastnosti a funkci databdze o kontrolu uplnosti dat a jejich statistické zpracovani s moznosti
automatizovaného vytvareni predik¢énich modelll na zékladé vlozenych dat. Z tohoto diivodu
jsme se tedy vénovali vice studiu potencionalnich prediktivnich faktor u détskych pacientt s

IBD.
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3. Metody

3.1.  Definice primarniho outcome jako cile predikce

Pro tspésnou identifikaci prediktorti je nutné urceni vhodné definovaného cile studie.
Do dizertaéni prace je zatazeno tfindct ptivodnich praci zabyvajicich se problematikou predikce
aktivity onemocnéni, pfedpovédi udrzitelnosti a na druhé strané selhani zvoleného
terapeutického ptistupu; rizikovymi faktory rozvoje nezadoucich ucinka konkrétnich 1écebnych

modalit a predikei vyskytu extraintestinadlnich komplikaci onemocnéni.

3.2.  Spusoby sbéru a ukladani dat
Jak jiz bylo zminéno, nez je mozné vyvinout jakykoli novy predik¢ni nastroj, je tfeba
retrospektivné nebo prospektivné shromazdit data o jednotlivych pacientech stran prediktort a

odpovédi. Do dizertacni prace je zafazeno celkové tfinact plvodnich praci, dvé

270,271 115,272-280
, .

v retrospektivnim designu zbytek prospektivnich Zdrojem dat pro
retrospektivni studie byla lékafskd dokumentace reprezentovand elektronickym zdravotnim
zadznamem (EZZ). Zakladnim problémem stavajici EZZ je omezena schopnost zpétného pouziti.
Objemna data ziskana pifi odbéru anamnézy ¢i v nemocni¢nim provozu nejsou rutinné
systematicky zaznamendvana, kategorizovana ani nasledné statisticky zpracovana. Aktualné
vyuzivané informacni systémy zdravotnickych zafizeni nejsou navrzeny k implementaci
moduld pro konkrétni diagnézy a integraci védomostnich moduli. Dalsi nevyhodou
v souvislosti s retrospektivnim pfistupem je riziko zkresleni a v ptipad€ velkych datovych
soubortil ¢asova naro¢nost.

V prospektivnim designu byla provedena vétSina zde uvedenych praci, pro které byly
vytvareny datové soubory vétSinou prostiednictvim standardizovaného formatu Microsoft Excel
211.278.279.281-286  Jedna ze studii pracovala s daty uloZzenymi cestou zabezpe&ené webové aplikace
pro vytvaieni a spravu online databazi REDCap (Research Electronic Data Capture) 277,
Dilezitym zdrojem dat pro jednu ze studii byl prospektivni narodni registr IBD pacienta
lécenych preparaty biologické terapie (CREAIT) 2%°. Dlouhodobé prospektivni, optimalng
multicentrické registry jsou v soucasnosti povazovany za nejvhodnéjsi zplisob ziskavani dat pro
identifikaci a studium potencionalnich prediktivnich faktord. VSechny uvedené prace byly

realizované na Pediatrické klinice 2. 1€katské fakulty Univerzity Karlovy a Fakultni nemocnice

Motol a data byla ziskana od détskych pacientil s diagnézou IBD.
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33.  Statistické vyhodnoceni dat

Statistické zpracovani dat probihalo ve vyvojovém prostiedi R, které poskytuje Sirokou
Skalu statistickych a grafickych technik, vcetn¢ linedrniho a nelinearniho modelovani,
klasickych statistickych testdi, analyzy casovych fad, shlukovani a dal§ich. R je snadno
roz§ititelny pomoci balicka (packages) vytvorenych samotnymi uzivateli obsahujici konkrétni
funkce a také pro moznost vyuziti lexikalnich pravidel. Navic ma siln¢jsi objektove orientované
programovani nez vétSina ostatnich statistickych programovacich jazyki. Dalsi pozitivni
strankou R je staticka grafika umoznujici generovani grafti vhodnych do védeckych publikaci.
Dynamicka a interaktivni grafika je dostupna prostfednictvim dal$ich balicka.

V ramci naSich praci byly pouzity nasledujici metody statistické analyzy: v ptipadé
sledovani pacientii v prubéhu casu jsme aplikovali na data survival analyzy a Cox regrese;
v souvislosti s opakovanym méfenim jednoho pacienta jsme pouzili mix model; pro kategorické
vysledky zobecnény linedrni smiSeny model a pro linearni vysledky linedrni smiSeny model;
v ramci nékterych studii bylo mozné na zdkladé klinického vybéru prediktorti zkonstruovat
kone¢ny predikéni model a kdyz to bylo vhodné pfidali jsme do modelu efekty interakce;
k vyhodnoceni prediktort udrzitelnosti 1écby byly aplikovany Coxovy modely se smiSenymi
efekty a analyzy propensity skore; pomoci DeLong testu ROC (receiver operating characteristic)

jsme srovnavali piesnost diagnostickych metod.

34. Interni spoluprace

Studie zabyvajici se postvakcinacnim a imunizacnim profilem u détskych pacientd
s IBD ockovanych proti t€Zkému akutnimu respiraénimu syndromu vyvolaného koronavirem 2
(SARS-CoV-2) byla realizovana ve spolupraci s Ustavem imunologie 2. lékaiské fakulty
Univerzity Karlovy a Fakultni nemocnice Motol. Kazdému pacientovi byly odebrany 2 ml krve
pro méteni postinfekénich a postvakcinacnich protilatek, oddélené sérum bylo zmrazeno pfi -
20 °C az do analyzy. Protilatky byly méfeny u vSech pacienti pomoci Microblot-Array COVID-
19 IgG/IgA (TestLine Clinical Diagnostics, Brno, Ceska republika) podle pokynti vyrobce.
Me¢ftili jsme anti-RBD IgG a IgA, anti-spike S2 IgG a IgA a anti-nukleokapsidové IgG a IgA.
Titry protilatek byly kvantifikovany v U/ml na zakladé€ kalibra¢ni kiivky v ramci testu. Titry
>210 U/ml byly povaZzovany za pozitivni a titry 185-210 U/ml byly povaZovany za hranicné

pozitivni. Platnost testu byla ovéfena pomoci interniho testu a kontrol konjugatu 27%.
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Dv¢ prace zaméiené na studium svalové-kostni jednotky u détskych pacientti s IBD byly
uskutecnény spoleén¢ s endokrinologickou skupinou a ambulanci klinické antropologie
Pediatrické kliniky 2. 1ékarské fakulty Univerzity Karlovy a Fakultni nemocnice Motol. Kvalita
kostni hmoty byla objektivizovana pomoci periferni kvantitativni vypocetni tomografie (pQCT)
a svalové funkce skakaci mechanografii 28223,

Spolupracovnici z Ustavu 1ékatské mikrobiologie 2. 1ékatské fakulty Univerzity Karlovy
a Fakultni nemocnice Motol stanovovali serologicky profil EBV a jeho naloz pomoci PCR pro
potieby studie zabyvajici se prevalenci EBV v pediatrické populaci pacientii s IBD 1é¢enych

imunomodulétory 27!,

3.5. Externi spoluprace

Ve spolupraci s Fakultou aplikovanych véd Zapadoceské Univerzity v Plzni jsme tvorili
databazi pro prospektivni pseudonymizovany systematicky sbér a kategorizaci klinickych,
laboratornich a dal$ich tdajii o pacientech s IBD. Protoze se ndm nakonec nepodafilo ziskat
svoleni vedeni nemocnice, nebylo mozno ji implementovat a naplnit tak dalsi cile s rozsifenim
vlastnosti a funkei databaze o kontrolu Uplnosti dat a jejich statistické zpracovani s moznosti
vytvareni predikénich modelii pro Siroké spektrum klinickych situaci.

Projekt CREdIT, ktery byl zahdjen v roce 2016, je neintervencni multicentricka
retrospektivné prospektivni longitudinélni studie, v ramci niZ jsou sbirdna data o pacientech s
IBD Iécenych lécivymi pripravky biologické a inovativni 1éCby. Projekt vznikl z iniciativy
Ceské gastroenterologické spolecnosti Ceské 1ékaiské spoleénosti Jana Evangelisty Purkyné.
NaSe centrum pfispiva daty do pediatrického ramene registru a ucastni se jejich statistického
vyhodnoceni v rdmci spoleénych védecko-vyzkumnych projektii 2.

Vyrobce a distributor testu vyvinutého pro kvantitativni stanoveni hladiny FC
v domdcim prostfedi (IBDoc, Buhlmann) dodéaval v ramci grantového projektu pro tucely studie
komer¢ni experimetalni sety. Set obsahuje extrakcni nastroj k odbéru presného mnozstvi stolice
(Calex Valve), zkumavku s médiem, do né&jZ je vzorek bezprostitedné po odbéru aplikovan a
desticku urcenou pro nasledné zpracovani takto vzniklé smési. Koncentrace FC je stanovena
metodou imunochromatografické analyzy. Pomoci aplikace chytrého mobilniho telefonu je
odecten vysledek, ktery je soucasné po zpracovani mefeni odeslan do webového tlozisté IBDoc

Portal 279,285

Stanoveni hladin metabolith AZA v ramci studie zabyvajici se predikci tspéSnosti
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kombinované terapie aTNF a AZA u détskych pacientli s CD probihalo v Laboratofii rastovych
regulatorti Prirodovédecké fakulty Univerzity Palackého v Olomouci. Za timto ucelem byla
pacientiim odebrana plna krev do jedné zkumavky s EDTA (kyselina etylendiamintetraoctova).
Zpracovani vzorku bylo provedeno dle protokolu Dervieux a Boulieu. Po odbéru byly oddéleny
leukocyty a plasma v procesu centrifugace. Zbylé erytrocyty byly dvakrat promyty a nafedény
vodou v pomeéru 1:1 s ndslednym zmrazenim na -20°C. Definitivni odecteni hladin metaboliti
AZA probihalo najdenou u vice vzorkti metodou vysoce u¢inné kapalinové chromatografie

s vice vlnovym detektorem Agilent 1000 27°.
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4. Vysledky

4.1. Fekalni kalprotektin jako prediktivni faktor

4.1.1. Fekalni kalprotektin jako prediktivni faktor endoskopické aktivity onemocnéni
Cilem prospektivni observacni studie bylo srovnat domaci test k detekci hladin FC se
standardni laboratorni metodou ELISA (enymed-linked immuno sorbet assay) v uréeni
endoskopické aktivity onemocnéni. Pravé endoskopicka aktivita zanétu pfesné definovana
pouzitim endoskopickych skorovacich systémi byla zvolena za referencni standard, ke kterému
se vztahovalo srovnani dvou riznych metod ke stanoveni koncentrace FC ve stolici pacienti
s IBD. Studie méla piinést informaci o moznostech bezpeéného a efektivniho vyuziti nové
rychlej$i metody pro testovani u liizka nebo pro ,,samotestovani“ pacient s IBD v rdmci tzv.
s naslednym casné&jSim klinickym feSenim. U obou pouzitych metod byla nalezena statisticky
vyznamna asociace s makroskopickou aktivitou stfevniho zanétu. Standardni metoda ELISA
prinesla pifi srovnani obou testl signifikantn¢ spolehlivéjsi vysledky hladin FC v predikei
slizni¢niho hojeni. Na zéklad¢ vysledkii prace je domaci test mozné pouZit k orientaénimu
méteni FC, napt. v ramci vySe popsaného self-monitoringu, nemél by ale nahradit rutinni méteni

FC standardnimi laboratornimi metodami 272.

4.1.2. Fekalni kalprotektin jako prediktivni faktor trvajiciho efektu zvolenéholécebného

postupu

Vyhradni enterdlni vyziva je dle aktualnich mezinarodnich doporu€eni terapii volby
v indukéni 1éEbe déti s noveé stanovenou diagnézou CD. Nicméné, Cast pacientii nedosahne
remise CD ani po 6-8 tydnech 1é€by pomoci EEN. Z klinického pohledu by byla vyhodné ¢asna
identifikace ,,nonrespondéri“ spojena s upravou terapie. Prace se zaméfuje na moznost vyuziti
FC k ptedpovédi trvajiciho efektu konkrétniho 1écebného postupu v kohorté détskych pacientit
s nove diagnostikovanou CD, u kterych byla zahdjena indukce remise pomoci EEN. Studie
neprokazala, Ze by zména hladiny FC mezi pocatkem 1écby (tyden 0) a druhym tydnem mohla

vést k predikci dosazeni remise onemocnéni v Sestém tydnu terapie EEN. Vysledky prace
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ukazuji, ze FC neni vhodnym markerem k ¢asné detekci pacientt, kteti nedosahnou remise

onemocnéni pii indukéni 1é¢bé EEN 21!,

42. Prediktivni faktory rizika selhani zvoleného terapeutického postupu

4.2.1. Prediktivni faktory eskalace aTNF terapie u détskych pacienti s Crohnovou

nemoci

Cilem prospektivni observacni studie bylo srovnani dvou preparatii aTNF (ADA a [FX)
v terapii détskych pacientli s CD naivnich k biologické 1é¢b& pomoci propensity-skore analyzy
a patrdni po potencionalnich prediktorech nutnosti eskalace terapie. Sub-analyzou celé
studované kohorty ani srovnanim pouzitim propensity-skore nebyl nalezen rozdil v celkovém
case do nutnosti eskalace terapie mezi pacienty lécenymi ADA nebo IFX, a to ani po adjustaci
s ohledem na soucasné uzivani preparatu ze skupiny imunomoduldtord. Nicméné, pokud
existuje mensi rozdil v efektivité nemuselo se jej podafit nalézt z diivodu mensiho poctu
pacientli zafazenych do studie. Pomoci regresni analyzy byla identifikovand kombinace
serologickych markeri - seropozitivita pANCA a seronegativita ASCA — jako jediny a silny
nezavisly prediktor v pfedpovédi nutnosti eskalace terapie aTNF. Dalsi sledované parametry,
véetné fenotypu onemocnéni, konkomitatni imunomodula¢ni 1écby a/nebo typu aTNF

preparéatu, nemély vliv na silu predikce po piidani do modelu 7.

4.2.2. Prediktivni faktory udrzitelnosti biologické 1é¢by u détskych pacientii s Crohnovou

nemoci

Byla provedena analyza détského ramene prospektivniho ndrodniho registru IBD
pacientii 1é¢enych preparaty biologické terapie (CREIT). Studie byla zaméfena na hledani
potenciondlnich prediktori udrzitelnosti biologické 1€cby u détskych pacienti s CD. Vystup byl
definovan ukoncenim terapie, jelikoz l1écba biologickymi preparaty neni v détském véku
umysln¢ prerusSovana, lze toto povazovat za selhani nebo intoleranci terapie. Asociace doby do
vysazeni biologické 1é€by a potencionalnim prediktorem byla testovana pomoci Coxova

regresniho modelu se smiSenym efektem. Ve studii se podafilo identifikovat nésledujici
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prediktory udrzitelnosti biologické 1éCby u déti s CD: terapie ADA (verzus IFX), Casné zahajeni
potfebou intenzifikace 1écby, vyssi expozici 1éku a castéjSim soucasnym podavanim
imunomodulatoru. Prace pfindsi informace o vyhodach a nevyhodach jednotlivych preparati
biologické 1écby, zejména ze skupiny aTNF. Pacienti a jejich zédkonni zastupci by méli byt
béhem rozhodovaciho procesu plné oboznameni s vlastnostmi jednotlivych 1é¢ebnych modalit

a také o diilezitosti asného zahajeni biologické 1é¢by 2%,

4.23. Prediktivni faktory efektu kombinované 1é¢by imunomodulatorem a preparatem
aTNF u détskych pacientti s Crohnovou nemoci
Vystupem multicentrické prospektivni observa¢ni studie bylo posouzeni piinosu
monitorace hladin metabolith AZA u pacientd na kombinované terapii (AZA a aTNF). Na
zaklad¢ vysledk lze fici, Ze dostatecné hladiny 6-thioguanin nukleotidu (6-TGN) v erytrocytu
jsou asociovany se sérovymi hladinami aTNF. U pacient s nedetekovatelnymi hladinami 6-
TGN byla nalezena vyS$$i mira ztraty odpovédi k aTNF. Prace pfinasi dulezity poznatek o

moznostech optimalizace terapie u pacientti s CD 1é¢enych kombinaci AZA a aTNF 27,

4.24. Prediktivni faktory selhani terapie azathioprinem u détskych pacientii s nové
diagnostikovanou Crohnovou chorobou lééenych kortikosteroidy nebo vyhradni
enteralni vyZivou

déti s nové diagnostikovanou nekomplikovanou formou CD. Na naSem pracovisti jsme

postupné u dané skupiny pacientl prechdzeli z indukce remise onemocnéni kortikosteroidy na

1écbu pomoci EEN. Nésledné jsme ve studii ptipadl a kontrol srovnéavali délku trvani remise
zminénych dvou terapeutickych piistupli u pacientti s diagndézou IBD soucasné 1éCenych AZA

a hledali prediktory selhani 1écby. Oproti vysledkiim ptfedchozich praci nebyl v nasi IBD

kohort¢ nalezen rozdil mezi ptipady a kontrolami. Nicméné v téchto studiich nebyla u pacientii

podavana konkomitantni terapie thiopuriny. Je mozné predpokladat, Ze indukéni 1éc¢ba nehraje
zasadni roli v délce trvani remise onemocnéni u pacientll soucasné uzivajicich AZA. Podafilo

se nam identifikovat potenciondlni prediktory selhani terapie AZA: nizky v€k v dobé& diagnozy,
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postizeni horniho gastrointestinalniho traktu, zvySeny pocet trombocyt v dobé dosazeni remise
a rustova retardace v dob& diagnoézy IBD. Vzhledem k nedostate¢né sile jednoltivych
prediktorti, nebylo mozné vytvofit predikéni model k selekci pacientii jiz v dob¢ stanoveni

diagnozy 5.

4.25. Prediktivni faktory selhani terapie infliximabem u détskych pacienti s Crohnovou

nemoci

Cilem prace bylo na détské skupiné s CD ovéfit hypotézu vychazejici ze studii u
dospélych pacienti s IBD I1é¢enych IFX, zda je mozné na zdkladé monitorace
farmakokinetického/ dynamického profilu IFX (hladina IFX a protilatky proti IFX (ATIs))
pfedpovédét selhani terapie a identifikovat dalSi potenciondlni prediktory. U pacientl
s vyznamngéjsi aktivitou onemocnéni definovanou pomoci zanétlivych markeri (CRP, FC) byly
detekovany nizsi hladiny IFX. Nejoptimalnéj$i kombinaci senzitivity a specificity pro urceni
remise (definované jako CRP pod 5 mg/l) na zéklad¢ hladin IFX byla hodnota 1,1 pg/ml. Na
rozdil od ptedchozich studii jsme neprokazali, Ze by prikaz ptitomnosti ATIs a jejich

kvantifikace pfinaSely klinicky vyznamnou informaci 27>,

4.2.6. Prediktivni faktory endoskopické rekurence onemocnéni u détskych pacienti

s Crohnovou nemoci podstupujicich ileocékalni resekci

V prospektivni studii na kohorté¢ pediatrickych pacienti s CD indikovanych
k ileocékalni resekci (ICR) jsme hledali prediktory endoskopické aktivity onemocnéni v Sestém
meésici po chirurgickém vykonu. Pravé endoskopickd aktivita zanétu piesné definovana
pouzitim endoskopického skorovaciho systému (Rutgeerts) byla zvolena za zlaty standard, ke
kterému se vztahovalo testovani potencionalnich rizikovych faktord rekurence onemocnéni '8,
Pacienti zatazeni do studie byli rozdeleni do dvou skupin na zéklad€ udaji o aTNF 1&cbé pied
ICR a v dal$im pribéhu byl kazdy pacient 1é€en AZA v monoterapii. Ve studii jsme neprokézali
rozdil v aktivité¢ onemocnéni po ICR ve vztahu k predchozi 1é€bé aTNF preparaty. Soucasné

nebyly nalezeny klinicky vyznamné faktory asociované s endoskopickou rekurenci v Sestém

mésici po ICR 274,
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43.  Prediktivni faktory rozvoje nezadoucich ucinki zvoleného terapeutického postupu

4.3.1. Prediktivni faktory rozvoje koZnich nezadoucich ucinki u détskych pacientu

s Crohnovou nemoci lé¢enych ruznymi preparaty aTNF

Ve studii na kohorté détskych pacienti s diagnézou CD lécenych aTNF preparaty (IFX
a ADA) bylo cilem identifikovat prediktivni faktory rozvoje koznich nezédoucich uc¢inkt
terapie. Na zéklad¢ vysledkt prace lze konstatovat, ze IFX je ve srovnani s ADA prediktorem
pro vznik neinfekéni kozni 1éze, vcetné atopické dermatitidy, pro kterou je riziko az
Sestindsobn¢ vys$i. Ddle byla zjisténa asociace mezi koznimi projevy a nizkou laboratorni
zanétlivou aktivitou onemocnéni (CRP) ukazujici na dobfe kompenzovanou CD. Na zaklad¢
danych zjisténi bude v nejblizsi dobé mozné selektovat rizikové pacienty pro vhodnéjsi preparat

biologické 1é¢by 270,

4.3.2. Prediktivni faktory serologického profilu a virové naloze EBV, CMV a dalSich
potencionalné rizikovych vira u détskych pacientii s Crohnovou nemoci lé¢enych
imunospuresivni terapii
Dle soucasnych doporuceni je u nekomplikované formy CD zahajovana v dobé diagnozy

imunosupresivni 1é¢ba, pfevazné preparaty ze skupiny thiopurint, soucasné s indukéni 1écbou,

aby bylo dosazeno optimalnich vysledktli v udrzeni remise onemocnéni. Nejobavangjsim, i kdyz
vzacnym, rizikem terapie je rozvoj nékterych malignich diagnéz. Jsou popisovany
lymfoproliferativni onemocnéni, u kterych kromé 1é¢by sehrava velmi pravdépodobné svou roli
chronicky probihajici zanét. Castéji je také uvadén vyskyt dvou typt lymfomi, na jejichz vzniku
se vyznamné podili EBV infekce, proto je dilezité¢ peclivé zjisStovat EBV sérologicky profil
pacienta pied zahajenim terapie thiopuriny. V doporucenich pro dospélé pacienty se zacaly
objevovat nazory, zda je vhodné podavat tuto 1écbu mladym EBV séronegativnim jedinclim

s IBD. Cilem prifezové studie bylo objektivizovat sérologickou prevalenci EBV a dalSich

potencionalné rizikovych vird (CMV, JC a BK polyomavirus) a souc¢asn¢ prevalenci uvedenych

vir detekovanou metodou real-time PCR a najit mozné prediktory ve vztahu k EBV

séropozitivité a virové naloze u détskych pacientd s IBD lécenych thiopuriny a/nebo aTNF
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preparaty. Lécba AZA byla asociovana s krat§i dobou do dosazeni séropozitivity EBV

ve sledované skupiné pacientil. S virovou nalozi EBV byla asociovana aTNF terapie 2*’.

44. Prediktivni faktory extraintestinalnich komplikaci u détskych pacienti se

zanétlivymi stfevnimi onemocnénimi

44.1. Prediktivni faktory insuficience svalové-kostni jednotky u détskych pacienti se

zanétlivymi stfevnimi onemocnénimi

Snizena kostni denzita a zvySena incidence fraktur patfi mezi komplikace asociované
s IBD 28, V prospektivni observaéni studii jsme se zaméfili na vyhodnoceni
muskuloskeletalnich parametra ve vztahu k vyskytu vertebralnich fraktur u déti a dospivajicich
s IBD. Zjistili jsme, ze nami sledovani pacienti m¢li zménénou kostni denzitu a geometrii, ale
normalni dynamické svalové funkce. Dal§im zajimavym vystupem je zjisténi, Ze kostni zmény
jsou nezavislé na hladin¢ 25-hydroxyvitamin D (25-OHD) v séru. Na zaklad¢ vysledku je
mozné déle konstatovat, Ze rentgenové zobrazeni torakolumbalni patete by nemélo byt rutinné
doporucovéno u déti s IBD a indikace k provedeni by méla vychézet z individuédlnich nalezl u

konkrétnich pacientt 2%,

44.2. Prediktivni faktory uspéSné substitu¢né 1écby cholekalciferolem u détskych
pacienti se zanétlivymi stfevnimi onemocnénimi a souc¢asnou hypovitaminézou D
V dalsi prospektivni observacni studii jsme sledovali zmény parametrli svalové-kostni
jednotky v prubéhu substituéni 1écby cholekaciferolem v kohorté déti s IBD a hledali prediktory
ve vztahu k tymto zménam. Kvalita kostni hmoty byla objektivizovana pomoci periferni
kvantitativni vypocetni tomografie (pQCT) a svalové funkce skakaci mechanografii. V nasem
souboru pacientii jsme pozorovali vyznamné zlepSeni hodnoty maximalniho svalového vykonu
a trabekularni kostni denzity pii pravidelné substituci 2000 jednotkami cholekalciferolu. Nebylo
mozné vytvorit vhodny model k selekci pacientli profitujicich ze substitucni 1écby z divodu
nedostatecné sily asociace potenciondlnich prediktorti. Nicméné vzhledem k vysoké prevalenci

hypovitaminozy D v terénu IBD a k vyznamnému procentu pacienti dosahujicich optimalizaci
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alespoil jedného z uvedenych parametrii svalové-kostni jednotky je na misté suplementaci 25-

OHD zvazit u v§ech pediatrickych pacientt s IBD 276,

45.  Prediktivni faktory postvakcina¢ni odpovédi v kohorté adolescenti se zanétlivym
stfevnim onemocnénim ockovanych proti téZkému akutnimu respira¢nimu
syndromu vyvolaného koronavirem 2
Prospektivné jsme porovnali protilatky po o¢kovani vakcinou BNT162b2 proti tézkému

akutnimu respiracnimu syndromu vyvolaného koronavirem 2 (SARS-CoV-2) ve skupiné

détskych pacientd s IBD a zdravych kontrol. Soucasné jsme hledali prediktory miry imunitni
odpovédi po o€kovani. Vyssi hladiny anti-spike S2 protilatek byly detekovany u IBD-pacienti.

U déti jsme potvrdili, Ze 1écba aTNF je asociovana s niz$i produkci postvakcina¢nich protilatek,

a naopak, Ze predchozi infekce SARS-CoV-2 je spojena s jejich vyssi hladinou 7%
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5. Diskuze

Vzhledem k riznorodosti zvoleného primarniho outcome jako cile predikce u uvedenych
studii je diskuze zpracovana pravé s ohledem na tematické zaméteni jednotlivych ptivodnich
praci. Fekalni kalprotektin je uvadén samostatné jako prediktivni faktor, ktery ovétujeme pro

konkrétni klinickou otazku, a nikoli hledame, jak je to u zbylych studii.

5.1. Fekalni kalprotektin jako prediktivni faktor

V prospektivni studii jsme zjistili, Ze prediktivni hodnota FC béhem casné faze 1écby
pomoci EEN u déti s noveé diagnostikovanou luminalni CD neni dostatecna pro vybér pacienti,
kteti pravdépodobné nedosdhnou remise onemocnéni na konci této indukéni 1écby. Jednalo se
o prvni studii, kterd se snazila ptedpovédét efekt indukéni 1é¢by EEN na zakladé vyvoje
parametrl v jeji Casné fazi. U vétSiny pacientli doSlo k poklesu hladiny FC, nicméné,
individudlni koncentrace FC dosahovaly nadale vysokych hodnot u nékolika klinickych
respondérli a to 1 na konci indukéni 1écby. V tomto ohledu je dileZité zjistovat nejen aktudlni
hodnoty FC, nybrz jejich vyvoj v Case nebo piesnéji procentualni zménu FC v logaritmické
Skale. Navic u ¢asti pacientd doslo k pfechodnému dal§imu vzestupu hladiny FC v tvodu EEN,
které nevylucovalo jeji pokles v dob& ukonéeni terapie 2!,
odpovédi na indukéni terapii EEN pomoci FC. Podobna studie, kterd v prubéhu 1é¢by EEN
sledovala vyvoj biochemickych zanétlivych parametri a FC poukazuje na pfedpoklad, Ze ndmi
zvoleny interval je pravdépodobné piili§ kratky pro zménu tak senzitivniho parametru 2210,
Podstatné delsi dobu k obdobné fromulované predikci si zvolila dalsi studie, ktera hodnotila
ve tficetidennim intervalu potencionalni markery ve vztahu k trvajici odpovédi na konci 1éby
indukéni 1é¢by ve standardnim trvani Sesti tydnu nez odhadovat navozeni remise ve ¢tvrtém

tydnu.

V nasledujici préci jsme jako prvni porovnali domaci test uréeny k vyhodnoceni FC se
standardni ELISA metodou vi¢i referenénimu standardu. Dal§im pfinosem této studie oproti
diive publikovanym pracim bylo nalezeni optimdlniho cut-off pro domadci test urCeny
k vyhodnoceni FC pocitaného ve vztahu k endoskopické remisi (FC 48 ng/g). Predchozi studie

uvadély cut-off pro domaci testy v intervalu od 50 do 150 pg/g *°° 2. Pro standardni laboratorni
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metodu ELISA byl meta-analyzou zjistén nejlepsi cut-off FC ptedpovidajici slizni¢ni hojeni 250
ng/g 2%, v nasi studii to byla hodnota 136 pg/g. U obou pouzitych metod byla nalezena
statisticky vyznamnd asociace s makroskopickou aktivitou stfevniho zanétu. Nicméné,
standardni metoda ELISA pfinesla pfi srovnani obou testl signifikantné spolehlivéjsi vysledky
v predikci slizniéniho hojeni. Na zéklad¢ vysledkti prace je domaci test mozné pouzit k
orientatnimu méfeni FC, napf. v rdmci tzv. self-monitoringu, nemél by ale nahradit rutinni

méfeni FC standardnimi laboratornimi metodami 272.

5.2.  Prediktivni faktory ve vztahu k 1é¢bé détskych pacientii se zanétlivymi stfevnimi
onemocnénimi

Némi realizovana prace byla prvni prospektivni observacéni studii srovnavajici efektivitu
a bezpecnost dvou preparati aTNF (ADA a IFX) u détskych pacienti s CD naivnich
k biologické 1écbe. Vzhledem k neptitomnosti head-to-head intervencnich studii porovnavajici
IFX a ADA je tieba se orientovat podle network meta-analyz a studii z realné praxe. Zatimco
network-metanalyza ukazuje, Ze pii standardni davkovani obou 1éki je ADA efektivnéjsi,
vysledky studii z redlni praxe jsou rozporuplné 2*43%, Jedna dfivé publikovani meta-analyza
zjistila, Ze 1 pres srovnatelnou efektivitu obou preparatil, je vySsi pravdépodobnost uspéSnosti
indukéni 16¢by piti volbé IFX (86 %) a udrzeni remise v piipadé terapie ADA (48 %) '%°.
Vysledky studii u déti pfinasi obdobné vysledky, véetné RCT prokazujici bezpecnost a ucinnost
obou preparatu v pediatrické populaci 31392,

Proporce pacientl vyzadujicich eskalaci terapie v priabéhu tfi let sledovani byla v nasi
kohorté ptiblizné polovina, na rozdil od recentné publikovaného systematického piehledu
pediatrickych praci uvadéjiciho vyssi procento pacientll pokracujicich v nastaveném rezimu
1é¢by IFX (61-85 %) 3%. P¥icinou této diskrepance by mohla byt definice eskalace 1é¢by, ktera
v naSem souboru zahrnovala také pottebu ipravy davky a intervalu 77,

Identifikace prediktivnich faktorti dlouhodobé odpovédi na terapii aTNF byla dilezitou
soucasti nasi prace ?’’. V dosud publikovanych studiich u déti bylo nalezenych nékolik
rizikovych faktorli pro nepfiznivy pribéh onemocnéni, nicméné bez vztahu k aTNF terapii
304305 N4mi nalezena kombinace pANCA pozitivity a ASCA negativity v predikci eskalace
1écby aTNF preparaty nebyla dosud pospana a je vhodna jeji prospektivni validace v nezavislé
kohorté. JelikoZ pozitivita pANCA protilatek je typicka pro fenotyp UC a u€innost aTNF terapie
je prokazatelné€ nizsi u pacientl s diagnozou UC, je otdzkou, zda by zji$téna serologicka
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kombinace protilatek mohla byt potencionalnim proxy markerem odlisSného fenotypu CD s nizsi
citlivosti na 1é&bu aTNF 396307,

Konkomitantni terapie imunomoduldtorem nebyla v nasi studii identifikovana jako
prediktor relapsu onemocnéni, coz by mohlo byt disledkem vysoké miry soub€zné terapie
v obou sledovanych skupinach 277.

Je tfeba pfiznat, Ze zafazeny pocet pacienti do této analyzy neumoznoval objevit mensi
rozdili mezi preparaty. V dal$i praci jsme proto vyuzili celondrodni populacni databdze CREdIT
a zjistovali jsme udrzitelnost jednotlivych preparatd biologické 1éCby. V sub-analyze jsme nyni
na vet§im poctu pacientll zjistili, ze udrzitelnost IFX je o 40 % nizsi nez pti 1é¢bé ADA. Studie
u dospélych pacientd s IBD pfinaSeji v oblasti udrzitelnosti ADA verzus IFX protichtidné
vysledky 24296300308 "\/ populaci détskych pacientdl jsou data omezena 27"*%. Nage vysledky
tedy ukazuji rozdily v dlouhodobé udrzitelnosti mezi témito dvéma sledovanymi preparaty
aTNF navzdory jejich srovnatelné u¢innosti v provedenych RCT *°'3%2 Diivodem tohoto
rozdilu mize byt zplsob jejich aplikace (intravendzni podani je spojeno s vétsi variabilitou
sérovych koncentraci 1é¢iva) 31312, V souvislosti s dosazenim co nejstabilngjsich hladin
biologické 1é¢by se v ramci udrzovaci 1é¢by v soucasnosti prosazuji subkutanni preparaty 2.

Pravdépodobnost udrzitelnosti terapie v nasi kohorté pacienti se zvySovala s ¢asnéjSim
zahajenim biologické 1é€by a volbou konkrétniho preparatu (ADA). V tomto ohledu je dillezité
zdiraznit, Ze prodleva v zahdjeni aTNF terapie mliZze ovlivnit pravdépodobnost jeji budouci
udrzitelnosti. Pfi rozhodovani o volbé preparatu je podstatné popsat pacientovi a jeho zakonnym

zastupcim mozné nevyhody intravendzniho IFX oproti subkutannimu ADA 23,

Proaktivni monitorovani hladin aTNF 1ékt je stale kontroverzni otazkou. Zatimco dvé
RCT u dospélych pacientl 1é¢enych IFX neprokazali jeji pfinos, studie PILOT sledujici hladiny
ADA naopak ukézala vys$§i miru remise u pacientdi proaktivné sledovanych 314313, V nasi dalsi
praci jsme hledali asociaci mezi hladinami IFX, eventuelné ATIs a zanétlivou aktivitou
onemocnéni v pediatrické skupiné pacientii s CD. Nejoptimalnéjsi kombinaci senzitivity a
specificity pro urceni remise (definované jako CRP pod 5 mg/l) na zakladé hladin IFX byla
hodnota 1,1 pg/ml. U dospélych pacientli jsou ve spojeni s remisi CD uvadény hodnoty
koncentrace IFX nad 2,79 pg/ml *'°. Na rozdil od ptedchozich studii jsme neprokézali, Ze by

priikaz piitomnosti ATIs a jejich kvantifikace piinasely klinicky vyznamnou informaci 273314,

Kombinovana 1é&ba thiopuriny, nejéast&ji AZA vede k vétsi mife remise neZ monoterapie *2%32!,
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Ptredpoklada se, ze spiSe nez aditivnim efektem, je to dano sniZenou tvorbou neutraliza¢nich
protilatek proti biologiku 322,

Stanoveni hladin metabolith AZA a jejich vhodného cut-off predikujici dosazeni
dostatecné hladiny IFX u détskych pacientii s CD na kombinované terapii (AZA a aTNF) bylo
vystupem jedné z multicentrickych studii ”°. Ve srovnani s jedinou praci realizované na dospélé
kohort¢ byl nadmi nalezen cut-off 6-TGN vyznamné vyssi (125 pmol/ 8 x 10® 6-TGN
v erytrocytu verzus 278 pmol/ 8 x 10% 6-TGN v erytrocytu) 2. U pacienti s nedetekovatelnymi
hladinami 6-TGN byla nalezena vys$si mira ztraty odpovédi k aTNF, coz je v souladu s vysledky

vvvvv

remise nez monoterapie IFX 3%,

Ve studii ptipadl a kontrol jsme ve srovnani s ptedchozimi publikacemi nenalezli rozdil
v délce trvani remise u détskych pacientt s CD indukovanych pomoci EEN nebo
kortikosteroidt *?°. Oproti uvedenym studiim byl nasim pacientim od po&atku soucasné
podavan AZA 32326 Lze tedy predpokladat, Ze pokud jsou pacienti soucasné 1éceni AZA,
indukéni 1é¢ba nehraje zasadni roli v délce trvani remise *?’. Nami identifikované nezavislé
prediktivni faktory ¢asného selhani terapie AZA byly nizky vk a sniZzené Z-skore vysky v dobé
diagn6zy CD, postizeni horniho gastrointetsindlniho traktu a zvySeny pocet trombocytl v krvi
v Case navozeni remise onemocnéni. Jind studie u déti popisovala normélni hladinu CRP a
dosaZeni remise onemocnéni bez pouZiti kortikosteroidl za prediktivni faktory udrzeni remise
v 52. tydnu 3. Jiz vyse uvedena prace vyhodnotila moZnost pouziti poklesu koncentrace FC
pod 200 pg/g ve ctvrtém tydnu indukéni 1€€by pomoci EEN v predikci udrzeni remise
v pediatrické kohorté pacientti s CD 2!, V nagi studii jsme neprokézali asociaci CRP ani FC ve

vztahu k trvani remise CD indukované EEN u détskych pacientt '°.

Jako prvni prospektivni studie u déti s CD po ICR byla realizovand nase prace s cilem
objasnit rizikové faktory rekurence onemocnéni u pacienta 1é¢enych po vykonu AZA. Recidiva
onemocnéni definovana pomoci endoskopického skore byla nalezena u 38 % jedinch Sest
mesici po probéhlé ICR. Ve studiich u dospélych pacientli je uddvand Cetnost recidivy
onemocnéni vyssi 1832°. Na zakladé vysledkil se nezda, 7e by terapie aTNF nebo pomoci
imunomodulatoru pfed ICR byla rizikovym faktorem rekurence onemocnéni. PouZiti FC jako

markeru aktivity onemocnéni v terénu ICR neni dle naSich vysledkt dostate¢né presné. To je
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v rozporu s publikovanou meta-analyzou u dospélych pacientl a také studii u déti, ve kterych
byl uspésné detekovan jako prediktivni faktor pooperaéni rekurence u CD 33*3!  Nami
identifikovanym potencionalnim prediktorem recidivy onemocnéni v Sestém mésici po ICR
byla hladina sérového albuminu v dobé¢ chirugického vykonu, nicméné¢ je potieba dalSich studii
k jeho ovéfeni a definovani vhodného cut-off 2’4, Limitaci pro detekci potencionalnich
prediktortit a hledani rozdili mezi dvéma riznymi terapeutickymi pfistupy pifed ICR byla

velikost souboru.

53. Prediktivni faktory ve vztahu Kk rozvoji neZadoucich uclinki zvoleného
terapeutického postupu

V retrospektivni praci jsme prokézali, ze IFX je ve srovnani s ADA rizikovym faktorem
rozvoje neinfek¢nich koznich komplikaci. Nase vysledky jsou v souladu s jedinou realizovanou
studii v ramci détské populace pacientli s IBD 1é¢enych preparaty prvni linie biologické 1écby
332 Incidence koznich komplikaci asociovanych s aTNF 1é¢bou se zda byt nizsi ve skuping
dospélych pacientii s IBD 333334,

NaSe prace navic prokédzala zvySenou pravdépodobnost rozvoje dermatologickych
nezédoucich Uc¢inkti pfi pozitivni anamnéze atopické dermatitidy. Vzhledem k velikosti
sledovaného souboru a dal$im limitacim studie neni realné ucinit definitivni zaver. Nicméné
v ramci personalizace terapeutickych pfistupi, lze tato zjiSt€ni zohlednit v péci o détské
pacienty s IBD v procesu vybéru preparatu aTNF a u jedinct se zvySenym rizikem rozvoje

uvedenych komplikaci preferovat terapiit ADA se srovnatelnou efektivitou a bezpecnostnym

profilem 27,

Doporuceni Evropské organizace pro Crohnovou chorobu a kolitidu (European Crohn’s
and Colitis Organisation, ECCO) naznacuji, Zze u EBV séronegativnich pacienti muzského
pohlavi mladsich 35 let je vhodné se vyhnout podavani thiopurint '*°. Dostupnych tdajii o

séroprevalnci a virové nalozi EBV v détské populaci s IBD je nedostatek **. Ve srovnani

vvvvvv

IBD v nasi kohorté vyssi (40 % vs. 64 %), navic naSe data naznacuji zvySujici se proporci
séropozitivnich vysledkt v priibéhu détstvi a adolescence **°. Na zakladé danych zjisténi

bychom se mohli domnivat, ze tento podstatny rozdil v séropozitivit¢ EBV by mohol souviset
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s terapii pouzivané u nasi skupiny pacientl, u kterych byl identifikovan AZA jako prediktivni
faktor Casnych pozitivnich sérologickych nalezii EBV. DalSim vysvétlenim by mohla byt
regionalni epidemiologicka situace a faktory spojené s prislusnosti k uréitému etniku 33638,
Prevalence EBV DNA pozitivity u déti s IBD byla v nasi kohorté pacienti nizsi ve
srovnani s publikovanymi udaji z dospélé populace (14 % vs. 35 %) *. Stejna studie uvadi, ze
1é¢ba IFX v monoterapii nebo v kombinaci s AZA byla spojena s vyssi prevalenci EBV DNA
séropozitivity. Nase vysledky ukazuji srovnatelnou prevalenci v kontrolni skupin¢ a prevalenci
pozorované v jiné studii u pacientd 1é¢enych IFX (15 % a 12 %) 34°. Navic jsme prokazali, ze
pocet kopii EBV DNA a davka IFX (na kg a 8 tydnd) byly vyznamné asociovany. Dle
dostupnych dat je zndmo, Ze virova naloz je prediktorem rozvoje lymfomu v potransplantac¢nich
podminkach **!. Nicméné se nam nepodaiilo potvrdit pfedchozi pozorovani, 7e vék pii

stanoveni by byl rizikovym faktorem pro piitomnost a virovou naloz EBV 27133,

54. Prediktivni faktory extraintestinidlnich komplikaci u détskych pacienti se

zanétlivymi stfevnimi onemocnénimi

V prospektivni observaéni studii jsme se zaméfili na vyhodnoceni muskuloskeletalnich
parametri ve vztahu k vyskytu vertebralnich fraktur u déti a dospivajicich s IBD. Zjistili jsme,
Zze nami sledovani pacienti méli mirné sniZenou trabekularni kostni denzitu, ale normalni
dynamické svalové funkce. Na rozdil od naSich vysledkt, diivé publikované prace popisovaly,
signifikantné snizenou svalovou silu u déti a adolescentti s IBD ve srovnani se zdravou populaci
34234 Diivodem rozdilnych vysledkii by mohol byt odlisny metodologicky piistup
(denzitometrie (DXA) vesus pQCT) 33 Na rozdil od pQCT, DXA nezohlediiuje velikost
kosti méfeného pacienta. Proto tidaje ziskané touto metodou musi byt interpretovana ve vztahu
k vySce pacienta. Krom¢ toho je DXA omezena v tom, ze nedokéaze odlisit jednotlivé kosti a
posoudit geometrii kosti. Kostni parametry vySetiené na kohorté naSich pacientli byly
srovnatelné s vystupy studii, ve kterych bylo méteni provedeno pomoci pQCT s nalezem
signifikantné sniZzené trabekularni kostni denzity a normalni nebo zvySené kortikalni kostni
denzity 344347349,
V souladu s vysledky u dospélych pacientt s IBD jsme nenalezli Zadnou korelaci mezi

snizenim vysky obratle a trabekularni denzitou kosti **°. Z toho vyplyva, Ze tento parametr

kostni jednotky neni jedinym rizikovym faktorem zvySeného vyskytu vertebralnich fraktur u
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jedincti s IBD. Na zdklad¢ téchto zjiSténi je mozné konstatovat, ze rentgenové zobrazeni
torakolumbalni patete by nemélo byt rutinné doporucovano u asymptomatickych déti s IBD a
indikace k provedeni by méla vychazet z individualnich nalezi u konkrétnich pacientt 253,
DalSim zajimavym vystupem je zjisténi, Ze kostni zmény jsou nezavislé na hladiné 25-
hydroxyvitamin D (25-OHD) v séru. S tim souvisi i nase dalsi prace, kterd se zaméfila na
otazku, zda by pacienti s IBD a nedostatecnymi hladinami 25-OHD méli byt suplementovani a
pokud ano, jaké by mélo byt optimalni davkovani. Zjistili jsme, ze pravidelné podavani 2000
jednotek cholekalciferolu détem a adolescenttim s IBD bylo spojeno se zvySenim trabekularni
kostni denzity a zlepSenim svalové sily. Protoze efekt substituce byl nezavisly na koncentraci

25-OHD v tvodu studie, rutinni suplementace vitaminem D se zda byt rozumnym pfistupem ke

zlepSeni pevnosti kosti u této skupiny pacientdl, a to bez ohledu na zjisténou hladinu 25-OHD
276

5.5. Prediktivni faktory postvakcina¢ni odpovédi v kohorté adolescentii se zanétlivym
stfevnim onemocnénim
Pacienti s IBD détského a adolescentniho véku vykazovali v na$i studii vynikajici
postvakcinaéni odpovéd, a to i pfes terapii aTNF preparaty, u kterych by bylo mozné

piedpokladat insuficientni reakci 27

. 'V souvislosti s negativni asociaci mezi aTNF a
postvakcinaénimi protildtkami je sporné, zda by pacienti lé¢eni aTNF preparaty meéli byt
upfednostiiovani v indikaci k aplikaci posilovacich vakcin. Na zakladé¢ dalSich studii se zda, ze
IBD pacienti jako celek nemaji oproti bézné populaci zvysené riziko téZkého pribéhu infekce
vyvovalné SARS-CoV-2 *!. Na druhou stranu jiné prace ukazuji, Ze nékteré preparaty jsou
asociovany s vyssim vyskytem postvakcina¢né se objevujicich infekci. To pfedpokladdme u
kortikosteroidil a dale, ve shod€ s nizSimi titry v nasi studii také ve skupiné pacientli 1éCenych

aTNF 3!,
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6. Zavér

Se vzestupem dirazu na pouzivani principii personalizované mediciny doslo k
obrovskému narastu popularity néstrojii pro predikci vysledkt pro jednotlivé pacienty. Tyto
algoritmy jsou schopny pomahat v diagnostické a terapeutické Casti rozhodovani. Zanétliva
sttevni onemocnéni piedstavuji oblast mediciny, kde se intenzivné uplatnuji jak klasické
statistické metody k hledani prediktorti a tvorb¢ prediktivnich modelt pro rizné klinické situace,
tak metody ML pracujici s velkymi objemy dat.

Nedilnou soucasti prediktivniho modelovani je uplatnéni vhodnych proménnych do
kone¢ného modelu, tak aby model dokézal zachytit skutecny vztah, ktery existuje v datech mezi
vysledkem a vybranymi proménnymi. Ve své praci se zabyvam hledanim a studiem prediktort
IBD, v¢etné slibného markeru, FC.

V jednotlivych studiich jsme uplatnili klasické biostatistické metody k identifikaci
prediktivnich faktorii. V nékterych jsme se pokusili vytvofit predikéni modely. Statistické
zpracovani dat probihalo ve vyvojovém prostiedi R, které poskytuje Sirokou Skalu statistickych
a grafickych technik, véetné linedrniho a nelinedrniho modelovani. V rdmeci nasich praci byly
pouzity nésledujici metody statistické analyzy: v ptipad€ sledovani pacientli v pribchu casu
jsme aplikovali na data survival analyzy a Cox regrese; v souvislosti s opakovanym méfenim
jednoho pacienta jsme pouzili mix model; pro kategorické vysledky zobecnény linearni smiseny
model a pro linearni vysledky linearni smiSeny model; v rdmci nékterych studii bylo mozné na
zéklad€ klinického vybéru prediktori zkonstruovat kone¢ny predikéni model a kdyz to bylo
vhodné pfidali jsme do modelu efekty interakce; k vyhodnoceni prediktorti udrzitelnosti 1é€by
byly aplikovany Coxovy modely se smiSenymi efekty a analyzy propensity skore.

Na zéklad¢ naSich zjisténi 1ze uzaviit, ze FC lze vyuZit pro tcely doméaciho testovani,
nicméné zlatym standardem ke stanoveni jeho koncentrace ve stolici ziistava piesnéjsi klasicka
laboratorni metoda ELISA. Nebyl potvrzen potenciondlni piinos FC k c¢asné identifikaci
pacienttl, ktefi nedosdhnou odpoveédi na konkrétni typ indukéni 1é¢by.

S velkym pfispénim naSich dat se zda, ze terapie ADA je u pediatrickych pacientl
udrziteln&jsi nez terapie IFX. Zda je to efektivitou vSak zatim nelze na zaklad€ dostupnych dat
zodpovédst. Casteéné je tuto vyssi udrzitelnost mozno vysvétlit Gastéj§im vyskytem koznich
nezadoucich tc¢inkl oproti ADA. Identifikovali jsme Cetné prediktivni faktory zachovani remise
onemocnéni €1 udrzitelnosti jednotlivych aTNF preparati. Ve skupin€ pacientt 1écenych aTNF

se zda nejsilnéjSim prediktorem kombinace serologickych markerti - séropozitivita pANCA a
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séronegativita ASCA. Naopak nejsiln¢jSim a asi nejlépe potvrzenym prediktorem casného
selhani je dels$i doba do zahéjeni aTNF terapie. Ve shod¢ s publikovanymi daty, se zda, ze
hladiny aTNF 1 hladiny thiopurinti jsou slabymi prediktivnimi faktory remise onemocnéni. Ve
skupin¢é pacienti 1é€enych monoterapii AZA neni typ indukcni 1é¢by zasadnim faktorem.
Prestoze jsme v této skupiné identifikovali nékolik rizikovych faktort, jejich sila neumoziiovala
vytvofit klinicky relevantni predikéni model. Seropozitivita EBV je asociovana s terapii AZA a
naopak virova naloz s davkou aTNF. At jiz je pacient pfed ICR lécen AZA ¢i aTNF terapii
riziko rekurence je relativné vysokeé.

Nase studie ukazuji, ze a rentgenové zobrazeni torakolumbalni patefe neni vhodné
pausalné vysetrovat u vsech pediatrickych IBD pacienti. Naopak substituci vitaminem D lze
zvazit u vSech, bez ohledu na jeho hladinu v séru.

Disertaéni prace piinasi v podob¢ vysledkil jednotlivych studii a jejich interpretace pro
konkrétni klinické otazky spektrum cennych informaci v oblasti péce o pediatrickou populaci
s IBD. Identifikace prediktivnich faktord ve vztahu k pfesn¢ definovanym jevim umoziuje
spresiiovat a vice personalizovat rozhodovaci proces a vedeni vySetfovacich postupil
v konkrétnich klinickych situacich. Nicméné, samotné nalézani prediktivnich faktorti je
insuficientni a je potfeba jejich ovéfeni na nezadvislych kohortach. Ve vétsin€ naSich praci
nebylo mozné sestavit predikéni model zejména z divodu nedostatecného mnozstvi
asociovanych proménnych a/nebo nevyhovujici sily identifikovanych prediktort.

Vyznamnym piinosem pro védecko-vyzkumné projekty v oblasti détskych IBD by byl
ptvodné planovany hlavni projekt postgradudlniho studia - software pro prospektivni
pseudonymizovany systematicky sbér a kategorizaci klinickych, laboratornich a dalSich udaja
o pacientech s IBD s moZnosti jejich nasledného statistického zpracovani a automatizovaného
vytvareni predik¢nich modelll pro konkrétni klinické situace. Pozitivni je, Ze v soucasnosti
existuji dlouhodobé prospektivni multicentrické registry, které jsou povazovany za nejvhodnéjsi
zpusob ziskavani dat pro identifikaci a studium potencionalnich prediktivnich faktord. V ramci
spoluprace se tak dati ziskavat kvalitni vystupy opirajici se o dostatecné objemné a konzistentni
datové soubory.

Véfim, Ze se ndm v navazujicich studiich bude dafit napliiovat primarni myslenku nasi
prace a prispet tim ke zlepSeni péCe o détské pacienty s IBD diky nové identifikovanym

moznostem predikce konkrétniho klinického jevu.
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Souhrn

Zanétliva sttevni onemocnéni (IBD) ptedstavuji skupinu chronickych, polygenné
podminénych onemocnéni postihujicich primarné gastrointestinalni trakt a jejichZ incidence
v dospélé 1 détské populaci globalng€ nariistd. Mezi tyto nemoci fadime Crohnovou nemoc (CD),
ulcer6zni kolitidu (UC) a tzv. neklasifikovatelné IBD (IBD-U). Fekalni kalprotektin (FC) je
markerem zanétu u IBD a jeho hladiny koreluji s aktivitou onemocnéni definovanou klinickymi
parametry, endoskopickym ndlezem a histologii. Soucasnd lékarskd praxe je spojena
s dostupnosti velkého mnozstvi klinickych dat a snahou jejich efektivniho uplatnéni v procesu
medicinskeho rozhodovani takovym zpiisobem, aby bylo dosazeno maximalni mozné redukce
rizika nepfiznivého pribéhu onemocnéni a vyskytu s onemocnénim a/nebo 1écbou
asociovanych komplikaci.

Primarnim cilem disertaéni prace bylo pouzit metody biomedicinské informatiky
v procesu ovéieni FC v predikci aktivity onemocnéni a odpovédi na 1écbu u détskych pacietnt
s IBD. Zjistili jsme, ze na zdkladé¢ vyvoje hladin FC v ¢asné fazi induk¢ni 1é¢by pomoci
vyhradni enteralni vyzivy nelze rozhodovat o dal§im vedeni terapie. Ovéfenim doméciho testu
na stanoveni koncentrace FC ve stolici jsme poukazali na jeho mozné benefity pro urychleni
procesu rozhodovani, nicméné s nutnosti konfirmace vysledku klasickymi laboratornimi
metodami.

Dalsi prace byly zamétené na hledani potencionalnich prediktort pro piesné definovany
outcome. Stanovenim vyvaZeného cut-off metaboliti azathioprinu k pfedpovédi dosazeni
efektivnich hladin infliximabu jsme ziskali vhodny néstroj pro optimalizaci kombinované
terapie u pacientl s CD. Srovnanim dvou preparatti prvni linie biologické 1€¢by jsme upozornili
na potfebu zohlednéni nalezenych rizikovych faktora pti volbé terapie. Zjistili jsme, Ze indukéni
1é¢ba nehraje zasadni roli v délce trvani remise onemocnéni u pacientll s nekomplikovanou CD
soucasné uzivajicich azathioprin. Zdlvodnili jsme vhodnost suplementace vitaminu D u
détskych pacienti s IBD a poukazali na moznost redukce diivé indikovanych vySetfeni u
asymptomatickych jedinct.

Nové poznatky vyplyvajici z realizovanych studii s sebou pifina$i moznost exaktnéjsiho
a individudlné zaméteného pfistupu v procesu klinického rozhodovani. Nicméné, samotna
identifikace prediktivnich faktort je insuficientni a je potieba jejich ovéfeni na nezavislych

kohortach.
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Summary

Inflammatory bowel diseases (IBD) are a group of chronic, polygenic diseases primarily
affecting the gastrointestinal tract, and their incidence is increasing globally in both adult and
paediatric populations. These diseases include Crohn's disease (CD), ulcerative colitis (UC) and
so-called IBD unclassified (IBD-U). Fecal calprotectin (FC) is a marker of inflammation in IBD
and its levels correlate with disease activity as defined by clinical parameters, endoscopic
findings and histology. Current medical practice is associated with the availability of a large
amount of clinical data and the desire to apply it effectively in the medical decision-making
process in such a way as to achieve the maximum possible reduction in the risk of adverse
disease course and the occurrence of disease- and/or treatment-associated complications.

The primary aim of this dissertation was to apply biomedical informatics methods in the
process of validating FC in predicting disease activity and response to treatment in paediatric
patients with IBD. We found that the evolution of FC levels in the early phase of induction
therapy using exclusive enteral nutrition cannot be used to make decisions about further
management. By validating a home test for the determination of FC concentration in stool, we
highlighted its potential benefits for speeding up the decision-making process, however, with
the need to confirm the result by conventional laboratory methods.

Other work focused on finding potential predictors for a well-defined outcome. By
establishing a balanced cut-off of azathioprine metabolites to predict the achievement of
effective infliximab levels, we have obtained a suitable tool for optimizing combination therapy
in CD patients. By comparing two first-line biologic therapy agents, we highlighted the need to
consider the identified risk factors in the choice of therapy. We found that induction therapy
does not play a major role in the duration of disease remission in patients with uncomplicated
CD concomitantly taking azathioprine. We justified the appropriateness of vitamin D
supplementation in paediatric patients with IBD and highlighted the possibility of reducing
previously indicated testing in asymptomatic individuals. The new findings from the conducted
studies bring with them the possibility of a more exact and individualized approach in the
clinical decision-making process. However, the identification of predictive factors alone is

insufficient and their validation in independent cohort.
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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 %a 44), ulcerative colitis (UC)
Endoscopic Index of Severity <4 in patients with UC (n %4 27) and
Rutgeerts score i0 and il without colon involvement in patients with CD
after ileocaecal resection (n ¥4 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 %4 0.002) and FC-IBDoc (P %4 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 mg/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 mg/g. The FC-ELISA was more accurate than FC-IBDoc when
tested by a Delong test (P ¥4 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

= 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

irff 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

T.L. reports personal fees from Nutricia, outside the submitted work. O.H.
reports personal fees from Abbvie, MSD, Nestlé, Nutricia, Ferring, and
Falk, outside the submitted work. I.C. has nothing to disclose. K.P.
reports personal fees from Nestl¢, Nutricia, and Mead Johnson, outside
the submitted work. L.G. reports personal fees from Nutricia and Nestlé,
outside the submitted work. J.B. reports personal fees and nonfinancial
support from AbbVie, Nutricia, Biocodex, personal fees from MSD,
Nestlé, Ferring, and Walmark, outside the submitted work.

Copyright # 2019 by European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition and North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition

DOI: 10.1097/MPG.0000000000002331

75

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Lerchova et al

JPGN * Volume 69, Number 1, July 2019

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 /2 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

P - 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 oninclusion and exclusion criteria. FC-ELISA V4 faecal calprotectin
quantitative enzyme-linked immunosorbent assay; FC-IBDoc V4 faecal calprotectin home test based on smartphone application; IBD V4

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 mg/g, results above 1000 mg/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 mg/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 V4 44) (24,25), in
patients with ulcerative colitis (UC), by UC endoscopic index of
severity (UCEIS) <4 (n V4 27) (26,27), and in patients with CD after
ileocaecal resection (ICR), by Rutgeerts score i0 and il without
signs of colon involvement (n V2 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 “‘lme4”” and ‘‘ImerTest’’). The accuracy of FC-
IBDoc and FC-ELISA for respective scores was analysed using
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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 22 in patients with CD, 22 UCEIS 24
in UC, and 11 Rutgeerts score 2i0 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 mg/g
(IQR 117.5-1924.5) when measured with FC-ELISA and 78.0 mg/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 0of 0.70, 95% C1 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 %4 0.002) and FC-IBDoc
(P a4 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 mg/g. The AUC for FC-IBDoc
was 0.788 (95% CI 0.674— 0.902) with optimal cut-off at 48 mg/g.
When a Delong test was applied, the FC-ELISA was more accurate
than FC-IBDoc (P V4 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 ¥22.35,95% 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 ucC
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)
L4a (%)Y 25(0.28) 25(0.4)
L4b (%)* 3(0.03) 3(0.05)
L4ab (%)% 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 (%)} 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 Ya Crohn disease; IQR V4 interquartile range; UC Y4 ulcerative colitis.

Out of 62 following patients with CD 19 underwent ileocaecal resection since the time of diagnosis.
YUpper gastrointestinal (GI) involvement up to Treitz ligament correspond to L4a, according to Paris classification.
“Upper Gl involvement distal to Treitz ligament correspond to L4b, according to Paris classification.
?Upper GI involvement up and distal to Treitz ligament correspond to L4ab, according to Paris classification.
UStricturing and penetrating disease correspond to B2B3, according to Paris classification.

an association of UCEIS with both FC-ELISA and FC-IBDoc
(b ¥4 0.62,95% CI 0.37-0.86, respectively; b ¥4 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 V4 0.46, 95% CI 0.20-0.69, respectively; b ¥4 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 Y4 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 ¥20.68).

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.

78

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
amoderate agreement between FC levels obtained using ELISA and
the smartphone-based home test (r ¥4 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 4 0.954, respectively,
r%20.939), and when comparing the smartphone-based home test and
lateral flow device—based test to each other (» ¥4 0.961). Similarly, a
smaller study in 2012 (33) performed in patients with suspicion of
IBD (n %2 40) or IBD relapse (n /4 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% CI10.32—
0.60). Bello et al (11) confirmed a good correlation between the
home-based and central ELISA measurements of FC levels in an adult
IBD population (ICC V4 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 ¥4 0.94, P < 0.001) and central
ELISA (Spearman rank correlation coefficient %2 0.85, P < 0.001).
In this study, performed in a combined adult (n ¥ 82) and paediatric
(n”a 19) population, agreement between the home-based lateral flow
test and ELISA was found when FC concentrations were <500 mg/g
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Accuracy of a Home-performed Faecal Calprotectin Test
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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 ¥244), UC (n 4 27),and
with CD after ileocaecal resection (n %2 19) with and without mucosal healing. A, The median value of FC concentration in the stool samples
measured by FC-ELISAinendoscopically active (n ¥4 79) and inactive patients (n 2 23). B, The median value of FC concentration in the stool sample
measured by FC-IBDoc in endoscopically active (n 2 79) and inactive patients (n ¥4 23). Mucosal healing was defined as SES-CD <2 in patients with
CD (n 2 44), UCEIS <4 in patients with UC (n %2 27) and Rutgeerts score i0 and i1 without colon involvement in patients with CD after ileocaecal
resection (n %2 19). CD Y4 Crohn disease; FC "4 faecal calprotectin; FC-ELISA "4 faecal calprotectin quantitative enzyme-linked immunosorbent
assay; FC-IBDoc V4 faecal calprotectin home test based on smartphone application; UC V4 ulcerative colitis; UCEIS 4 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 21/> 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
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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 mg/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 mg/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-ELISAis a
more reliable predictor of mucosal healing, defined as SES-CD <2 in
patients with CD (n ¥4 44), UCEIS <4 in patients with UC (n %4 27) and
Rutgeerts score i0 and i1 without colon involvement in patients with
CD after ileocaecal resection (n ¥4 19), than the FC-IBDoc in paediatric
patients with IBD based on AUC (Delong test P 4 0.023). In total, 102
observations were analysed. AUC Y4 area underthe curve; CD %2 Crohn
disease; FC-ELISA 74 faecal calprotectin quantitative enzyme-linked
immunosorbent assay; FC-IBDoc 4 faecal calprotectin home test
based on smartphone application; ROC "4 receiver operating charac-
teristic; SES-CD V4 simple endoscopic score for Crohn disease; UC
ulcerative colitis; UCEIS %4 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
cach 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 mg/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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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 week6 (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 Jg/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:

+ 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:

+ 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.

Keywords Calprotectin - Inflammatory bowel disease - Prediction - Remission - Response
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Abbreviations

AUC Area under the curve

AZA Azathioprine

CD Crohn disease

CI Confidence interval

CRP C-reactive protein

ECCO European Crohn and Colitis Organization
EEN Exclusive enteral nutrition

ELIA Fluorescence immunoassay

ESR Erythrocyte sedimentationrate
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], withouttheside effects, inachieving 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 ofthe successful induction ofremission
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 isbecomingevident[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 treatmentand in the early phase of treatment

@ Springer

with EEN (F-CPTAO02) to predict the clinical non-response at
week 0, as defined by the weighted Pediatric Crohn Disease
Activity Index (WPCDALI). 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 wPCDALI, F-
CPT, or C-reactive protein (CRP)).

Methods
Participants

The study was designed as a prospective-observational study.
Between2015and 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 (8Fresubin”®, Fresenius;
BNutridrink”®, Nutricia; sBEnsure®, Abbott; sBModulen®,
Nestlé) 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-a thera-
py or having active perianal disease were not included. A
responder was defined as a patient witha 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-CPTand week 2
(F-CPTA02) 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-CPTwasanalyzedusing fluorescenceimmunoassay (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 (Ug/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 interquartileranges (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
associationbetweentwonumerical variables, acorrelationtest
was used. Differences between the groups of patients were
tested using the Welch two sample ¢ 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. Weused receiver operating character-
istic (ROC) curves to define the optimal cut-off values of the
inflammatory markers (R package BpROC*). 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
ofanti-TNF-a therapy for the development of perianal disease
(n = 2). Finally, we included 38 pediatric patients (28 boys,
medianage 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
childtolerated EEN orally. This child was fed via anasogastric
tube, introduced on the second day of therapy.

@ Springer
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Table1 Characteristics of patients according to the Paris classification
and laboratory parameters at the time of diagnosis

Patients with Crohn disease

Number of patients 38

Gender, female, (%) 10 (26)

Age at diagnosis, years, (median [IQR]) 12.8 (9.7-15.5)
Disease location

L1, (%) 17 (45)
L2, (%) 1(3)
L3, (%) 20 (53)
Upper GI involvement, (%)* 25 (66)
Disease behaviour
BI, (%) 30 (79)
B2, (%) 8(21)
B3, (%) 0(0)
p, (%)° 1(3)
Growth retardation, (%) 2(1)

F-CPT [pg/g], (median [IQR])®
CRP [mg/l], (median [IQR])¢
ESR [mm/h],(median [IQR])®
wPCDALI, (median [IQR])"
wPCDAI >12.5, (%)¢

1096 [559, 3814]
20.50 [8.00, 34.50]
31.00[19.25,40.00]
41.00[28.25,49.50]
38 (100)

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

® p = perianal disease (the Paris classification)

“F-CPT = fecal calprotectin

4CRP = C-reactive protein

°ESR = erythrocyte sedimentation rate

fwPCDALI = weighted Pediatric Crohn Disease Activity Index
€ Active disease based on the wPCDAI

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 (WPCDAI2=42.5<57.5),and 6 (16%) had severe disease
(WPCDAI257.5)(medianwPCDAI41.0(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
significantimprovement inthe 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 pg/g (IQR:

@ Springer

115—1545) (p =0.004). In only four patients, F-CPT levels <
150 pg/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 ug/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 (r=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% C10.7072691—-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% CI1 0.9985436—
0.9998284, p =0.006). The non-remission was best predicted
using the increase of F-CPT by 486 ug/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 > 5 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 PCDAI 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 pg/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 wPCDALI 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
(heightvelocity,abdominal examination, and hematocrit) with
insignificant discriminatory power [30]. Although using
CPTAO02, we could predict non-remission assessed by
wPCDAI 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
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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! ) F-CPT%02" p
Non-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
F-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

#F-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

4Non-response defined as wPCDAI > 12.5 points, or there is not a decrease in the wPCDALI 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
aclinical 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
evaluatethe response to EEN induction therapyusing F-CPT?
We found animprovement 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
ofthe 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

Table 3
and percentage change of F-CPT till week 2

values ofthe 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

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

‘AUC Specificity Sensitivity Cut-off (ug/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
F-CPT > 150 pg/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

dF-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 inthe 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-
mentininflammatorymarkers (erythrocyte sedimentationrate
(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 PCDAI, 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. Inthe 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 ofthe 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 formulainorderto 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 notinduce remissioninactive 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-CPTseems
to return to a normal level too slowly.

Acknowledgments The project was supported by the Grant Agency of
Charles University in Prague, Project No. 136215, No. 364617, and No.
246216, and by the Czech Ministry of Health for the conceptual devel-
opment of research organizations 00064203 (University Hospital Motol,
Prague, Czech Republic).

Authors' contributions Ivana Copova M.D. worked on the conception
and design of the study as well as on background research, data collec-
tion, andits controland completion ofthe missing data, statistical analysis
of data, and writing of this original article. She was responsible for finan-
cial planning and work efficiency within the budget of the study.

Ondrej Hradsky M.D., Assoc. Prof., Ph.D. worked on the conception
and design of the study as well as on data collection and its control,
statistical analysis of data, and revision ofthe original article. Hecritically
revised the work for important intellectual content.

KristynaZarubova M.D. actively participated in datacollectionandits
control in the context of the research, and revision of the original article.

Lucie GonsorcikovaM.D.,Ph.D. participatedindatacollectionandits
control.

Kristyna Potuznikova M.D. participated in data collection and its con-
trol. She obtained the necessary documents from patients and their guard-
ians, and revised the work.

Tereza Lerchova M.D. participated in data collection and its control.
She obtained the necessary documents from patients and their guardians,
and revised the work.

Jiri Nevoral M.D., Prof., Ph.D. worked on the conception and design
of the study as well as on revision of the original article.

Jiri Bronsky M.D., Assoc. Prof., Ph.D. was responsible for leading the
project team, he was involved in study scheduling, obtaining the neces-
sary documents, highlighting potential problems, and proposing solu-
tions. He critically revised the work critically for important intellectual
content.

@ Springer



1692

Eur) Pediatr (2018) 177:1685-1693

Funding information Author Ivana Copova has received research grants
from the Grant Agency of Charles University in Prague, Project No.
136215 and No. 246216. Author Tereza Lerchova has received a grant
from the Grant Agency of Charles University in Prague, Project No.
364617. The project was supported by the Czech Ministry of Health for
the conceptual development of research organizations 00064203
(University Hospital Motol, Prague, Czech Republic).

Compliance with ethical standards

The study was approved by the Ethics Committee of the authors’ institu-
tion (the Ethics Committee Reference number is 1491/16).

Conflict of interest The authors alone are responsible for the content and
writing of the paper. There is no direct conflict of interest in relation to the
topic of this study in any of the authors. Jiri Bronsky received honoraria/
speaker’s fees/coverage of travel expenses from AbbVie, MSD, Nutricia,
Nestle, Biocodex, Walmark, and Ferring. Ondrej Hradsky received hon-
oraria/speaker’s fees/coverage of travel expenses from AbbVie, MSD,
Nutricia, Nestle, Biocodex, Falk, and Ferring.

Informed consent The patients’ guardians received written information
on the study and signed a consent form.

References

1. Bannerjee K, Camacho-hu C, Babinska K, Dryhurst KM, Edwards
R, Savage MO, et al. (2004) Anti-inflammatory and growth-
stimulating effects precede nutritional restitution during enteral
feeding in Crohn disease, (March), 270-275

2. Berni Canani R, Terrin G, Borrelli O, Romano MT, Manguso F,
Coruzzo A etal (2006) Short- and long-term therapeutic efficacy of
nutritional therapy and corticosteroids in paediatric Crohn’s disease.
Digest Liver Dis 38(6):381-387. https://doi.org/10.1016/j.dld.
2005.10.005

3. Borrelli O, Cordischi L, Cirulli M, Paganelli M, Labalestra V, Uccini
S, Russo PM, Cucchiara S (2006) Polymeric diet alone versus corti-
costeroids in the treatment of active pediatric Crohn’s disease: a ran-
domized controlled open-label trial. Clin Gastroenterol Hepatol 4(6):
744753 https://doi.org/10.1016/j.cgh.2006.03.010

4. Buchanan E, Gaunt WW, Cardigan T, Garrick V, McGrogan P,
Russell RK (2009) The use of exclusive enteral nutrition for induc-
tion of remission in children with Crohn’s disease demonstrates that
disease phenotype does not influence clinical remission. Aliment
Pharmacol Ther 30(5):501-507. https://doi.org/10.1111/j.1365-
2036.2009.04067.x

5. D’IncaR, PontE, Leo V, Ferronato A, Fries W, Vettorato MG et al
(2007) Calprotectin and lactoferrin in the assessment of intestinal
inflammation and organic disease. Int J Color Dis 22(4):429-437.
https://doi.org/10.1007/s00384-006-0159-9

6. Day AS, Whitten KE, Lemberg DA, Clarkson C, Vitug-Sales M,
Jackson R, Bohane TD (2006) Exclusive enteral feeding as primary
therapy for Crohn’s disease in Australian children and adolescents:
a feasible and effective approach. J Gastroenterol Hepatol 21(10):
1609—1614. https://doi.org/10.1111/j.1440-1746.2006.04294 x

7. Day AS, Whitten KE, Sidler M, Lemberg DA (2007) Systematic
review: nutritional therapy in paediatric Crohn’s disease. Aliment
Pharmacol Ther 27(4):293-307. https://doi.org/10.1111/j.1365-
2036.2007.03578.x

8. Day AS, Whitten KE, Sidler M, Lemberg DA (2008) Systematic
review: nutritional therapy in paediatric Crohn’s disease. Aliment

@ Springer

10.

1.

12.

13.

14.

15.

17.

19.

20.

21.

22.

23.

Pharmacol Ther 27(4):293—-307. https://doi.org/10.1111/j.1365-
2036.2007.03578.x

Denis MA, Reenaers C, Fontaine F, Belaiche J, Louis E (2007)
Assessment of endoscopic activity index and biological inflamma-
tory markers in clinically active Crohn’s disease with normal C-
reactiveprotein serum level. Inflamm Bowel Dis 13(9):1100—
1105. https://doi.org/10.1002/ibd.20178

Dziechciarz P, Horvath A, Shamir R, Szajewska H (2007) Meta-
analysis: enteral nutrition in active Crohn’s disease in children.
Aliment Pharmacol Ther 26(6):795—-806. https://doi.org/10.1111/j.
1365-2036.2007.03431.x

Frivolt K, Schwerd T, Werkstetter KJ, Schwarzer A, Schatz SB,
Bufler P, Koletzko S (2014) Repeated exclusive enteral nutrition
in the treatment of paediatric Crohn'’s disease: predictors of efficacy
and outcome. Aliment Pharmacol Ther 39(12):1398—1407. https://
doi.org/10.1111/apt.12770

Gerasimidis K, Nikolaou CK, Edwards CA, McGrogan P (2011) Serial
fecal calprotectin changes in children with Crohn’s disease on treatment
with exclusive enteral nutrition: associations with disease activity, treat-
ment response, and prediction of a clinical relapse. J Clin Gastroenterol
45(3):234-239. https:/doi.org/10.1097/MCG.0b013¢3181f39af5
Gerasimidis K, Talwar D, Duncan A, Moyes P, Buchanan E,
Hassan K, O Reilly D, McGrogan P, Ann Edwards C (2012)
Impact of exclusive enteral nutrition on body composition and cir-
culating micronutrients in plasma and erythrocytes of children with
active Crohn’s disease. Inflamm Bowel Dis 18(9):1672—1681.
https://doi.org/10.1002/ibd.21916

Grover Z, Muir R, Lewindon P (2014) Exclusive enteral nutrition
induces early clinical, mucosal and transmural remission in paedi-
atric Crohn’s disease. J Gastroenterol 49(4):638—645. https://doi.
0rg/10.1007/300535-013-0815-0

Héamalédinen A, Sipponen T, Kolho K-L (2011) Infliximab in pedi-
atric inflammatory bowel disease rapidly decreases fecal
calprotectin levels. World J Gastroenterol 17(47):5166—5171.
https://doi.org/10.3748/wjg.v17.i47.5166

Hill RJ (2014) Update on nutritional status, body composition and
growth in paediatric inflammatory bowel disease. World J
Gastroenterol: WJG 20(12):3191-3197. https://doi.org/10.3748/
wjg.v20.i112.3191

Hradsky O (2016) Time to relapse in children with Crohn’ s disease
treated with azathioprine and nutritional therapy or corticosteroids. Dig
Dis Sci 61:2041-2050. https://doi.org/10.1007/s10620-016-4103-8
Hradsky O, Ohem J, Mitrova K, Durilova M, Kotalova RA,
Nevoral J et al (2014) Fecal calprotectin levels in children is more
tightly associated with histological than with macroscopic endos-
copy findings. Clin Lab 60(12):1993-2000. https://doi.org/10.
7754/Clin.Lab.2014.140203

Jones J, Loftus EV Jr, Panaccione R, Chen LIS, Peterson S, Mcconnell
J et al (2008) Relationships between disease activity and serum and
fecal biomarkers in patients with Crohn’ s disease. YJCGH 6(11):
1218-1224. https://doi.org/10.1016/j.cgh.2008.06.010

Kolho K-L, Sipponen T (2014) The long-term outcome of anti-
tumor necrosis factor-a therapy related to fecal calprotectin values
during induction therapy in pediatric inflammatory bowel disease.
Scand J Gastroenterol 49(4):434—441. https://doi.org/10.3109/
00365521.2014.886719

Konikoff MR, Denson LA (2006) Role of fecal calprotectin as a
biomarker of intestinal inflammation in inflammatory bowel dis-
ease. Inflamm Bowel Dis 12(6):524—-534. https://www.ncbi.nlm.
nih.gov/pubmed/16775498

Lasson A, Stotzer P-O, Ohman L, Isaksson S, Sapnara M, Strid H
(2015) The intra-individual variability of faecal calprotectin: a pro-
spective study in patients with active ulcerative colitis. J Crohn’s
Colitis 9(1):26—32. https://doi.org/10.1016/j.crohns.2014.06.002
Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder
L, Kolho KL, Veres G, Russell RK, Paerregaard A, Buderus S,


https://doi.org/10.1016/j.dld.2005.10.005
https://doi.org/10.1016/j.dld.2005.10.005
https://doi.org/10.1016/j.dld.2005.10.005
https://doi.org/10.1016/j.cgh.2006.03.010
https://doi.org/10.1111/j.1365-2036.2009.04067.x
https://doi.org/10.1111/j.1365-2036.2009.04067.x
https://doi.org/10.1111/j.1365-2036.2009.04067.x
https://doi.org/10.1007/s00384-006-0159-9
https://doi.org/10.1007/s00384-006-0159-9
https://doi.org/10.1111/j.1440-1746.2006.04294.x
https://doi.org/10.1111/j.1365-2036.2007.03578.x
https://doi.org/10.1111/j.1365-2036.2007.03578.x
https://doi.org/10.1111/j.1365-2036.2007.03578.x
https://doi.org/10.1111/j.1365-2036.2007.03578.x
https://doi.org/10.1111/j.1365-2036.2007.03578.x
https://doi.org/10.1016/j.cgh.2006.03.010
https://doi.org/10.1111/j.1365-2036.2007.03431.x
https://doi.org/10.1111/j.1365-2036.2007.03431.x
https://doi.org/10.1111/j.1365-2036.2007.03431.x
https://doi.org/10.1111/apt.12770
https://doi.org/10.1111/apt.12770
https://doi.org/10.1111/apt.12770
https://doi.org/10.1097/MCG.0b013e3181f39af5
https://doi.org/10.1002/ibd.21916
https://doi.org/10.1002/ibd.21916
https://doi.org/10.1007/s00535-013-0815-0
https://doi.org/10.1007/s00535-013-0815-0
https://doi.org/10.1007/s00535-013-0815-0
https://doi.org/10.3748/wjg.v17.i47.5166
https://doi.org/10.3748/wjg.v20.i12.3191
https://doi.org/10.3748/wjg.v20.i12.3191
https://doi.org/10.3748/wjg.v20.i12.3191
https://doi.org/10.1007/s10620-016-4103-8
https://doi.org/10.7754/Clin.Lab.2014.140203
https://doi.org/10.7754/Clin.Lab.2014.140203
https://doi.org/10.7754/Clin.Lab.2014.140203
https://doi.org/10.1016/j.cgh.2008.06.010
https://doi.org/10.3109/00365521.2014.886719
https://doi.org/10.3109/00365521.2014.886719
https://doi.org/10.3109/00365521.2014.886719
https://www.ncbi.nlm.nih.gov/pubmed/16775498
https://www.ncbi.nlm.nih.gov/pubmed/16775498
https://www.ncbi.nlm.nih.gov/pubmed/16775498
https://doi.org/10.1016/j.crohns.2014.06.002

Eur J Pediatr (2018) 177:1685-1693

1693

24.

25.

26.

Greer ML, Dias JA, Veereman-Wauters G, Lionetti P, Sladek M,
Martin de Carpi J, Staiano A, Ruemmele FM, Wilson DC,
European Society of Pediatric Gastroenterology, Hepatology, and
Nutrition (2014) ESPGHAN revised Porto criteria for the diagnosis
of inflammatory bowel disease in children and adolescents. J
Pediatr Gastroenterol Nutr 58(6):795-806. https://doi.org/10.
1097/MPG.0000000000000239

Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher
JC etal (2014) Consensus guidelines of ECCO/ESPGHAN on the
medical management of pediatric Crohn’s disease. J Crohn’s Colitis
8:1179-1207. https://doi.org/10.1016/j.crohns.2014.04.005
Ruemmele FM, Hyams JS, Otley A, Griffiths A, Kolho K-L, Amil
DiasJetal (2014) Outcome measures for clinical trials in paediatric
IBD: an evidence-based, expert-driven practical statement paper of
the paediatric ECCO committee. Gut 64:438—446. https://doi.org/
10.1136/gutjnl-2014-307008

Sipponen T, Kdrkkdinen P, Savilahti E, Kolho K-L, Nuutinen H,
Turunen U et al (2008) Correlation of faecal calprotectin and
lactoferrin with an endoscopic score for Crohn’s disease and histo-
logical findings. Aliment Pharmacol Ther 28(10):1221-1229.
https://doi.org/10.1111/j.1365-2036.2008.03835.x

27.

28.

29.

30.

31

Stewart M, Day AS, Otley A (2011) Physician attitudes and prac-
tices of enteral nutrition as primary treatment of paediatric Crohn
disease in North America. J Pediatr Gastroenterol Nutr 52(1):38—
42. https://doi.org/10.1097/MPG.0b013e3181e2c¢724

Talbotec C, Schmitz J, Canioni D, Goulet O, Ruemmele FM (2011)
Alimentary pharmacology and therapeutics the efficacy of exclu-
sive nutritional therapy in paediatric Crohn’ s disease, comparing
fractionated oral vs. continuous enteral feeding. 1332—1339.https://
doi.org/10.1111/j.1365-2036.2011.04662.x

Tibble J, Teahon K, Thjodleifsson B, Roseth A, Sigthorsson G,
Bridger S et al (2000) A simple method for assessing intestinal
inflammation in Crohn’s disease. Gut 47(4):506—513. https://doi.
org/10.1136/gut.47.4.506

Turner D, Griffiths AM, Walters TD, Seah T, Markowitz J, Pfefferkorn
M et al (2012) Mathematical weighting of the Pediatric Crohn’ s
Disease Activity Index ( PCDALI ) and comparison with its other short
versions. 18(1):55—-62. https://doi.org/10.1002/ibd.21649

Van Assche G, Dignass A, Panes J, Beaugerie L, Karagiannis J,
AllezM etal (2010) The second European evidence-based consen-
sus on the diagnosis and management of Crohn’s disease: defini-
tions and diagnosis. J Crohn's Colitis 4(1):7—27. https://doi.org/10.
1016/j.crohns.2009.12.003

@ Springer


https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1136/gutjnl-2014-307008
https://doi.org/10.1136/gutjnl-2014-307008
https://doi.org/10.1136/gutjnl-2014-307008
https://doi.org/10.1111/j.1365-2036.2008.03835.x
https://doi.org/10.1097/MPG.0b013e3181e2c724
https://doi.org/10.1111/j.1365-2036.2011.04662.x
https://doi.org/10.1111/j.1365-2036.2011.04662.x
https://doi.org/10.1111/j.1365-2036.2011.04662.x
https://doi.org/10.1136/gut.47.4.506
https://doi.org/10.1136/gut.47.4.506
https://doi.org/10.1136/gut.47.4.506
https://doi.org/10.1002/ibd.21649
https://doi.org/10.1016/j.crohns.2009.12.003
https://doi.org/10.1016/j.crohns.2009.12.003
https://doi.org/10.1016/j.crohns.2009.12.003

ARTICLE

Adalimumab vs Infliximab in Pediatric Patients With
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INTRODUCTION: Twoantitumor necrosis factortherapies (infliximab [IFX]and adalimumab [ADA]) have been approved
forthe treatment of pediatric Crohn’sdisease (CD) but have not been compared in head-to-head trials.
The aim of this study was to compare the efficacy and safety of ADA and IFX by propensity score
matching in a prospective cohort of pediatric patients with luminal CD and at least a 24-month

Among 100 patients, 75 met the inclusion criteria, and 62 were matched by propensity score. We

evaluatedtimetotreatmentescalationasthe primary outcomeand primary nonresponse, predictors of
treatmentescalationandrelapse, seriousadverse events, pharmacokinetics, and effect of concomitant

There was no difference between ADA and IFX in time to treatment escalation (HR 5 0.63 [95%

CI 0.31-1.28] P 5 0.20), primary nonresponse (P 5 0.95), or serious adverse events. The median
(interquartile range) trough levels at the primary outcome were 14.05 (10.88-15.40) and 6.15
(2.08-6.58) mg/mL in the ADA and IFX groups, respectively. On a multivariate analysis, the
combination of anti-Saccharomyces cerevisiae antibody negativity and antineutrophil cytoplasmic
antibody positivity was a strong independent predictor of treatment escalation (HR 5.19, [95% CI
2.41-11.18], P < 0.0001). The simple endoscopic score for CD, L3 disease phenotype, and use of
concomitantimmunomodulatorsforatleastthefirst6 monthsrevealed atrend towardsignificanceona

follow-up.
METHODS:

immunomodulators as secondary outcomes.
RESULTS:

univariate analysis.
DISCUSSION:

Propensity score matching did not reveal substantial differences in efficacy or safety between ADA and

IFX. The anti-S. cerevisiae antibody negativity and antineutrophil cytoplasmic antibody positivity
combination is a strong predictor of treatment escalation.

SUPPLEMENTARY MATERIAL accompanies this paper at http:/links.lww.com/CTG/A798, http:/links.lww.com/CTG/A799, http:/links.lww.com/CTG/A800
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INTRODUCTION

To date, 2 anti-tumor necrosis factor (TNF) agents have been
approved for the treatment of pediatric Crohn’s disease (CD):
infliximab (IFX) and adalimumab (ADA). Both agents have been
proven to be effective and safe in randomized controlled trials
(RCTs) (1,2). However, these RCTs differed in some aspects of
methodology. In the REACH trial, only patients who responded
to induction IFX therapy were randomized, and in the IMAgINE
trial, patients who previously failed on anti-TNF therapy were
enrolled. Moreover, cessation of immunomodulator (IMM)

therapy was permitted from week 26. Age at enrollment and
disease activity based on the Pediatric Crohn’s Disease Activity
Index (PCDAI) were similar in both studies. However, no direct
head-to-head comparison of both anti-TNF agents has been
performed in pediatric or adult patients. Several indirect com-
parisons, including network meta-analyses, have been published,
but these rarely consider pediatric populations (3—9). Owing to
the low number of pediatric patients per center, it is difficult to
perform RCTs that can demonstrate differences between these
drugs. In particular, a noninferiority design would require a high
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number of patients. Therefore, we aimed to perform a propensity
score analysis of our cohorts of prospectively followed up
patients.

Study aims

The primary aim of this study was to compare the time to treat-
ment escalation between patients treated with ADA and those
treated with IFX. Secondary aims were to evaluate primary
nonresponse to anti-TNF, predictors of treatment escalation and
relapse, safety, pharmacokinetics (PK), and effect of concomitant
IMM treatment.

METHODS

Study design and ethical considerations
This prospective observational cohort study was performed using
propensity score matching. The study was approved by the local
ethics committee, and all participants and/or parents signed
written informed consent.

Study subjects and dosage of anti-TNF

Patients naive to biologic therapy, newly started on anti-TNF
treatment between 2013 and 2017 (Motol PIBD cohort), were
recruited into the study and prospectively followed up according
to the standard protocol reflecting usual clinical practice (see
Supplementary Figure 1, http://links.lww.com/CTG/A798). Pa-
tients were initiated on an anti-TNF agent based on a detailed
discussion between the family and the treating physician. The
minimal follow-up period required for evaluation of study out-
comes was 24 months. Inclusion and exclusion criteria are listed
in Supplementary Digital Content (see Supplementary Table 1,
http://links.lww.com/CTG/A799). Patients were initiated on a
standard dose of anti-TNF: ADA (Humira) 160-80-40 mg s.c.
every other week, followed by 40 mg s.c. every other week, and
IFX (Remicade) 5 mg/kg i.v. at weeks 0, 2, and 6 and every 8
weeks. No biosimilars were used in this study. In patients
weighing less than 40 kg, the dose of ADA was calculated
according to the body surface area. When applicable, a decision
on therapy intensification (ADA up to 40 mg weekly and IFX up
to 10 mg/kg every 4 weeks) was made by the treating physician,
based primarily on clinical and laboratory data, and secondarily
on trough levels and anti-drug antibodies (ATI) to the respective
anti-TNF (reactive therapeutic drug monitoring [TDM]). No
proactive TDM was applied during the study period. All patients,
except for 3, received IMM (97% azathioprine [AZA], 3%
methotrexate [MTX]) from diagnosis until the start of anti-TNF
treatment (Table 1).

Primary outcome

The primary outcome of the study was the time to treatment
escalation on anti-TNF therapy evaluated by survival analysis
after propensity score matching.

Secondary outcomes

The following secondary outcomes were considered: (i) Pro-
portion of patients with a primary nonresponse to ADA or IFX,
(i) identification of predictors of treatment escalation and re-
lapse, (iii) rate of serious adverse events (SAEs) occurring on-
treatment, (iv) PK of both drugs, and (v) effect of concomitant
IMM treatment.

Clinical and Translational Gastroenterology

Definition of treatment escalation, relapse and

primary nonresponse

Treatment escalation was defined as dose escalation or interval
shortening due to a lack of drug efficacy (not due to adjustment
for body weight) or bowel surgery due to disease activity, de-
velopment of abscess, perianal or intra-abdominal fistula, change
of anti-TNF therapy (due to side effects or ineffectivity), need for
reinduction (corticosteroids, exclusive enteral nutrition, or anti-
biotics), or change of IMM treatment (AZA to MTX or vice
versa), not dose adjustment for body weight (see Supplementary
Figure 1, http://links.lww.com/CTG/A798). For the purpose of
secondary subanalysis, dose escalation or interval shortening due
to a lack of drug efficacy (not due to adjustment for body weight)
was omitted from the abovementioned definition. This situation
was marked as relapse.

Primary nonresponse was defined as the need for treatment
change (switch to another anti-TNF therapy, treatment in-
terruption, bowel surgery, or persisting need for induction ther-
apy corticosteroids, exclusive enteral nutrition, antibiotics) until
week 14 (12—16) due to clinical symptoms (weighted pediatric
Crohn’s disease activity index [WPCDAI], fistula, and stricture),
laboratory signs of disease activity (erythrocyte sedimentation
rate, C-reactive protein [CRP], fecal calprotectin [F-CPT]), en-
doscopicdiseaseactivity, need forbowel surgery, drugintolerance
(side effects), or noncompliance.

Clinical and laboratory data

At the onset of anti-TNF therapy, we recorded general patient
characteristics, factors that may influence the outcome or allo-
cation of patients to the respective treatment group (ADA and
IFX), and factors considered as potential predictors of treatment
efficacy (Table 1). The data underlying this article will be shared
on reasonable request to the corresponding author.

During follow-up, we prospectively recorded the following
every 3 months: body height; weight; wPCDAI; CRP; F-CPT;
perianal fistulas; extraintestinal manifestations; SAEs; dose and
interval of anti-TNF; need for treatment escalation, cessation, or
switch, including the reason; concomitant medication; trough
levels and ATI to anti-TNF if applicable; and occurrence of pri-
mary and secondary outcomes.

Regarding clinical indication, the following checks were per-
formed: bowel ultrasound, magnetic resonance enterography, or
endoscopy. Endoscopy, including biopsies and evaluation of
simple endoscopic score for CD (SES-CD), was performed before
the decision on anti-TNF treatment and before any major ther-
apeutic decision (e.g., switch to another anti-TNF therapy, bowel
surgery, and nonresponse).

Patient allocation and statistical analysis

All data were analyzed using R statistical software (version 3.6.0;
www.r-project.org). Continuous variables were described as
medians and interquartile ranges (IQRs). Categorical variables
were described as absolute frequencies and percentages. Missing
data were not imputed. The difference between patients treated
with ADA and IFX was assessed using the likelihood ratio test on
the odds ratio or 2-sample ¢ test, as appropriate. Propensity score
matching was performed using the R package Matchlt (version
3.0.2). The model for propensity matching consisted of the SES-
CD, stricturing behavior, penetrating behavior, perianal disease,
z score of body mass index, and age at the time of anti-TNF onset.
Variables were selected based on the clinical decision, according

VOLUME 13 | MAY 2022 www clintranslgastro.com


http://links.lww.com/CTG/A798)
http://links.lww.com/CTG/A799)
http://links.lww.com/CTG/A798)
http://www.clintranslgastro.com/

Table 1. Characteristics of both study groups before propensity score matching

Basic characteristics
Age
Sex (male)
Smoking
Ethnicity (White)
Family history of IBD
Concomitant immunopathology
Body height (cm)
Body height (z score)
Body weight (kg)
BMI (z score)
Paris classification
L1
L2
L3
L4a or L4b
Bl
B2
B3
B21B3
Perianal disease
Growth impairment
Disease activity and labs
WPCDAI (points)
CRP (mg/L)
F-CPT (mg/g)
Albumin (g/L)
ESR (mm/hr)
ASCA positivity
pANCA positivity
SES-CD (points)

Treatment

Time since dg. to anti-TNF start (yr)

EEN during dg.

CS during dg.

IMM during dg.

EEN during anti-TNF start
CS during anti-TNF start
IMM during anti-TNF start

ADA (N 5 31)

14.18 (11.64-16.34), NA 5 0
21 (0.68), NA5 0
3(0.1), NA5 0
29 (0.94), NA5 0
1(0.03), NA50
3(0.1), NA5 0
162 (136.95-170.75), NA 5 0
21.49 (25.56-0.53), NA 5 0
44.3 (28.65-58.5), NA 5 0
21.77 (22.58-0.53), NA 5 0

11 (0.35), NA5 0
1(0.03), NA5 0
19 (0.61), NA5 0
22(0.71), NA5 0
23 (0.74), NA5 0
4(0.13), NA5 0
4(0.13), NA5 0
0(0), NA5 0
7 (0.23), NA5 0
10 (0.33), NA5 1

22.5 (16.88-40.62), NA 5 7
13.6 (8.35-26.25), NA 5 4
1,800 (1,080-2,883), NA 5 20
42.8 (40.2-43.8), NA 5 6
28.5 (20-41.25), NA 5 3

23 (0.88), NA5 5
5(0.19), NA5 5
20 (13-27), NA 5 2

1.04 (0.51-1.61), NA5 0
21 (0.68), NA5 0
6 (0.19), NA5 0
29 (0.94), NA5 0
5(0.16), NA5 0
1(0.03), NA5 0
29 (0.94), NA5 0

Adalimumab vs Infliximab

IFX (N 5 44)

14.46 (13.24-16.27), NA 5 0
24 (0.55), NA5 0
1(0.02), NA5 0
43 (0.98), NA5 0
8 (0.08), NA5 0
3(0.07), NA5 0O
156.55 (148.88-171.52), NA 5 0
22.12 (23.94-0.26), NA 5 0
47.25 (37.12-56.08), NA 5 0
21.34 (21.97-0.4), NA 5 0

10 (0.23), NA5 0
4(0.09), NA5 0
30 (0.68), NA5 0
31(0.7), NA5 0
36 (0.82), NA5 0
5(0.11), NA5 0
2 (0.05), NA5 0
1(0.02), NA5 0
12 (0.27), NA5 0
10 (0.23), NA5 0

32.5 (16.88-40), NA 5 4
17 (4.85-29.85), NA 5 1
1,000 (801-1,720), NA 5 11
41.1 (39.4-43.4), NA 5 3
30 (18-46.5), NA 5 1
34 (0.81), NA 5 2
6 (0.14), NA 5 1
18 (11.75-21.5), NA 5 4

0.6 (0.17-1.23), NA 5 0
37(0.84), NA5 0
6 (0.14), NA5 0
43 (0.98), NA5 0
7 (0.16), NA5 0
2 (0.05), NA5 0
38 (0.86), NA5 0

Values are listed as median and interquartile range or median and fraction (%); NA 5 number of missing values.
ADA, adalimumab; ASCA, anti-Saccharomyces cerevisiae antibodies; BMI, body mass index; CRP, C-reactive protein; CS, corticosteroids; dg., diagnosis; EEN, exclusive
enteral nutrition; ESR, erythrocyte sedimentation rate; F-CPT, fecal calprotectin; IBDinflammatory bowel disease; IFX, infliximab; IMM, immunomodulators; pANCA,

antineutrophilic antibodies; SES-CD, simple endoscopic score for Crohn’s disease; TNF, tumor necrosis factor; wPCDAI, weighted pediatric Crohn’s disease activity index.
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P value

0.36
0.25
0.16
0.37
0.03
0.66
0.41
0.41
0.43
0.27

0.23
0.3

0.54
0.96
0.43
0.84
0.19
0.3

0.64
0.32

0.64
0.55
0.09
0.32
0.59
0.4

0.57
0.2

0.14
0.1

0.51
0.37
0.98
0.77
0.31
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Patients screened for
the study (N=100)
50 ADA + 50 IFX

Excluded patients (N=25)
- history of major surgery (N=13)
- less than 24 months of follow-up (N=7)
- endoscopy data not available (N=3)
- obvious nonadherence to the
v treatment (n=1)
- other diagnosis (n=1)

v

Patients included in
the study (N=75)
31 ADA +44 IFX

A 4

Matched by propensity
score (N=62)
31ADA +311IFX

Figure 1. Flowchart of patient recruitment into the study and propensity
score matching.

to factors that could influence the outcome or choice of therapy.
Matching was performed using nearest neighbor matching with
aratio of 1:1. The covariate balance in the matched sample was
checked by visual inspection of plots showing the mean of each
covariate against the estimated propensity score, separately by
treatment status. The effect of concomitant IMM therapy was
evaluated as the percentage of time on concomitant IMM out of
the complete follow-up time, as a continuous variable, and as a
categorical variable if the patient received IMM for at least 6
months.

The primary outcome of the study was evaluated using a Cox
proportional hazards model, subsequently adjusted for the pro-
portion of time on IMM therapy. The preselected predictors were
tested using unadjusted Cox regression. To assess the importance
of particular variables, we further tested the association of time to
relapse with the variables using multivariable Cox proportional
hazards models.

We used a generalized linear mixed model to assess the as-
sociation between SAE and the type of anti-TNF therapy. All
mixed models were adjusted for follow-up time and IMM use.
When values were missing, the time point was omitted from the
current analysis.

P , 0.05 was considered significant. A 95% confidence
terval (CI) was used. Figures were constructed using R package
ggplot2. Accordingto powerSurfEpi R-package, ourstudy with 31
experimental subjectsand 3 1 control subjects was able to detect
hazard ratio (HR) of , 0.34 or - 2.90 with probability
(power) 0.80.

RESULTS

Of 100 patients screened for inclusion in the study (50 ADA and
501FX), 25 met the exclusion criteria. The basic characteristics of
patients in each study group before propensity score matching
(31 patients in the ADA group and 44 patients in the IFX group)
are presented in Table 1. No significant differences were found,
except for family history of inflammatory bowel disease (IBD),
which was more frequent in the IFX group (P 5 0.03). Finally,
propensity score matching allowed us to directly compare 31
pairs of patients (Figure 1).

Primary outcome—time to treatment escalation
The overall time to treatment escalation in the whole study group
(N 5 75) is presented in Figure 2a, showing an approximate rate
of 50% during the 3-year follow-up. Neither subanalysis of
the whole study group (N § 75, HR 5 0.68 [95% CI 0.35.1.33],
P 5 0.26, Figure 2b) nor of patients matched by propensity score
(N562,HR 50.63[95% CI10.31-1.28], P 5 0.20, Figure 2c)
revealed any significant difference in time to treatment escalation
between ADA and IFX. The results were not affected by adjusting
this model to concomitant IMM (HR 5 0.63 [95% C10.31-1.28],
P 50.20).

When the need for treatment intensification was omitted
(situation classified as relapse) (see Figure 3a for pooled data
on ADA 1 TFX), there was no significant difference in relapse
rate between the ADA and IFX groups, in the whole study group
(N575,HR 50.83[95% C10.40—1.76], P 5 0.64, Figure 3b), or

c c
'9" 1.004 ‘g‘ 1.00 e
i) L
8 8 l—i
o & 1
: T
£ 0754 % 0754
g 8
o 5
-g 0,504 ,-2 050
H =
2 8
T =
] 2
So2s4 2 025
] ‘5 P=026
c =
S g
H i
& 0.004 g 0.00
- [ i 2 3 H 5 & ]
Time [years]

Number at risk Number at risk
a B antiTNF=ADA{ 31 25
B wq7s 56 48 28 11 1 B
@ % 144 31

[ 1 4 5 0

2 3
Time [years]

Proportion of patients without treatment escalation

2 3 4 5 0 1 2 3 4 8

Time [years] Time [years]
Number at risk
23 14 7 1] @ emmnr=aoa] 34 25 23 14 7 1
25 14 4 0 & 131 21 17 10 3 o
] 3 i 5 [ 1 2 3 i 5
Time [years] Time [years]

Figure 2. (a) Survival curve of time to treatment escalation in the whole study group (pooled data, N 5 75). (b) Time to treatment escalation according to the
type of anti-TNF therapy in the whole study group (N 5 75). (c) Time to treatment escalation according to the type of anti-TNF therapy after propensity score
matching (N 5 62). ADA, adalimumab; IFX, infliximab; TNF, tumor necrosis factor.
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Figure 3.(a) Survival curve of time to relapse (when dose and interval adjustment were omitted as areason) in the whole study group (pooled data, N 5 75).

(b) Timeto relapse (when dose and interval adjustment were omitted as a reason) according to the type of anti-TNF therapy in the whole study group
(N575).(c) Timeto relapse (when dose and interval adjustment were omitted as a reason) according to the type of anti-TNF therapy after propensity score
matching (N 5 62). ADA, adalimumab; IFX, infliximab; TNF, tumor necrosis factor.

after propensity score matching (N 5 62, HR 5 0.76 [95%
CI10.35-1.68], P 5 0.50, Figure 3c). Adjusting this model to
concomitant IMM did not affect the results (HR 5 0.76 [95% CI
0.34—1.67], P 50.49).

Supplementary Digital Content (see Supplementary Table 2,
http://links.lww.com/CTG/A800) presents various reasons for
treatment escalation during the follow-up period in both groups
after propensity score matching (N 5 62). There was no signifi-
cant difference between the 2 groups in any of the reasons listed.

Secondary outcomes

Primary nonresponse. There was no statistically significant dif-
ference in the primary nonresponse rate before propensity score
matching (2/31 [6%] in the ADA group and 3/44 [7%] in the I[FX
group; P 5 0.95) nor after matching (2/31 [6%] in the ADA group
and 3/31 [10%] in the IFX group; P 5 0.64). There was no sig-
nificant difference in inflammatory markers (CRP, erythrocyte
sedimentation rate, and F-CPT) or wPCDAI between ADA and
IFX at the end of the induction period (week 12—16).

Predictors of treatment escalation and relapse. On a univariate
analysis of the whole study group (N 5 75, pooled data), anti-
neutrophilic antibody (pANCA) positivity and anti-Saccharo-
myces cerevisiae antibody (ASCA) negativity were identified as
potentially strong predictors of treatment escalation. The SES-
CD, L3 disease phenotype, and use of concomitant IMM for at
leastthe first6monthsdemonstratedatrendtowardsignificance
(Table 2). In a subsequent multivariate analysis, the combination
of ASCA negativity and pANCA positivity was identified as the
only and very strong independent predictor of treatment esca-
lation(HR 5.19,95%CI12.41.11.18,P,0.0001,Figure4). There
was no effect of disease phenotype, concomitant IMM, or type of
anti-TNF when added to the model (Table 3).

Predictors of relapse (as defined earlier) were similar to those
of treatment escalation (L3, SES-CD, pANCA positivity, and B2
being statistically significant (P , 0.05)and L1, family history of
IBD, and ASCA negativity being of borderline significance). A
combination of pANCA and ASCA remained a strong predictor
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(P 5 0.0091). There was no effect of concomitant IMM or type of
anti-TNF when added to the model.

SAEs. A comparison of SAE occurrence in the treatment groups
before and after propensity score matching is summarized in
Tables 4 and 5. No significant difference was identified between
the ADA and IFX groups, except for pneumonia after propensity
score matching (3 cases in the IFX group and no cases in the ADA
group; P 5 0.04). A subsequently performed mixed model
reflecting the occurrence of SAEs during each patient visit and
adjusted to concomitant IMM treatment and length of follow-up
did notreveal any differences between the study groups (Table 6).
In 1 patientreceiving ADA, serious dermatological side effects led
to cessation of ADA. In 1 patient receiving IFX, infusion allergic
reaction led to the cessation of IFX.

PK. Regarding reactive TDM performed during the study period,
TDM data were onlyavailable from selected visits (12% of all anti-
TNF visits; 4% in the ADA group, and 21% in the IFX group). The
median (IQR) trough levels at the time of the primary outcome
were 14.05 (10.88—15.40) mg/mL in the ADA group and 6.15
(2.08-6.58) mg/mL in the IFX group (1 patient in the IFX group
had undetectable trough levels). Positive ATI were only detected
in the IFX group (5 observations in 3 patients during the follow-
up period).

Because we did not intend to compare the PK of both anti-
TNF agents, the PK subanalysis on propensity score—matched
subgroups was not performed.

Concomitant IMM. After the onset of anti-TNF for at least 6
months, 29/31 (94%) patients in the ADA group and 38/44 (86%)
in the IFX group received concomitant IMM therapy (97% AZA
and 3% MTX). Adjusting the Cox model of time to treatment
escalation (primary outcome) to concomitant IMM treatment
did not affect the results (see the section on primary outcome). In
the pooled data (N 5 75), concomitant IMM (as a continuous or
categorical variable) was not identified as a strong independent
predictor of treatment escalation on either univariate or multi-
variate analysis (Table 2). Because only a minority of patients
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Table 2. Risk factors of treatment escalation identified by

univariate analysis in the whole study group (N 5 75)

HR (95% CI) P value
PANCA positivity 3.221 (1.521-6.820)  0.002
ASCA negativity 3.093 (1.469-6.514)  0.003
SES-CD 0.960 (0.923-0.999)  0.045
L3 phenotype 0.571 (0.300-1.087)  0.088
Concomitant IMM (at least 6 mo) 0.472 (0.196-1.134)  0.093
Concomitant immunopathology 0.197 (0.027-1.469) 0.113
B2 disease phenotype 2.011 (0.837-4.833) 0.118
Family history of IBD 1.892 (0.827-4.327) 0.131
L1 disease phenotype 1.580 (0.807-3.094) 0.182
Time to anti-TNF onset 1.213 (0.876-1.680) 0.244
F-CPT 1.000 (1.000-1.001) 0.249
Perianal disease 1.489 (0.749-2.962) 0.257
L2 disease phenotype 1.808 (0.553-5.907) 0.327
B1 disease phenotype 0.704 (0.331-1.497) 0.363
B3 disease phenotype 0.526 (0.122-2.260) 0.388
BMI z score 1.047 (0.901-1.218)  0.547
CRP 0.996 (0.982-1.010)  0.559

ESR 0.996 (0.982-1.010) 0.560
1.213 (0.610-2.410) 0.582
Concomitant IMM (as continuous) 0.774 (0.286-2.092) 0.614
WPCDAI 0.995 (0.976-1.015) 0.616
Age 0.979 (0.875-1.096) 0.716
0.907 (0.476-1.727) 0.766
0.989 (0.919-1.065) 0.775
1.005 (0.959-1.054) 0.826
1.024 (0.721-1.453) 0.896
0.945 (0.214-4.178) 0.941

Growth impairment

Sex (male)

Height z score

Albumin

Year of anti-TNF administration (era)
Smoking

Predictive factors were evaluated during anti-TNF onset. Values are listed as
hazard ratio (HR) with 95% confidence interval (CI) and sorted by the raising
P-value. Inthemultivariate model, factorsinbold were tested, and composite
predictive factor (PANCA1 and ASCA-) was used (Table 3).

ASCA, anti-Saccharomyces cerevisiae antibodies; BMI, body mass index; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; F-CPT, fecal
calprotectin; IBD, inflammatory bowel disease; IMM, immunomodulators;
PANCA, antineutrophilic antibodies; SES-CD, simple endoscopic score for
Crohn’s disease; TNF, tumor necrosis factor; wPCDAI, weighted pediatric
Crohn’s disease activity index.

received anti-TNF monotherapy, and limited PK data were
available, a subanalysis investigating the effects of IMM on drug
PK was not performed.

DISCUSSION

In accordance with guidelines on the management of pediatric
CD, the selection of anti-TNF therapy (ADA vs IFX) in anti-TNF
naive patients is based on patient and family preference, drug
availability, administration route, and cost (10,1 1). This approach
is based on early adult (mainly retrospective) studies that did not
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demonstrate any difference in efficacy between ADA and IFX
(12-22), and subsequent large adult prospective studies (23,24)
and retrospective studies with the longest follow-up to date (up to
Syears)(25,26). Beyond clinical efficacy, no difference was found
in mucosal and histological healing (27). Two recent large pro-
pensity score—matched comparison studies in adult patients
revealed no significant difference in clinical benefit between the 2
therapies. In addition, large nationwide population-based studies
revealed no differences in real-world settings (28,29). Even
studies showing some differences do not consistently demon-
strate an effect in one direction (30—34). Thus, to date, there is no
firm evidence that initiating either ADA or IFX in anti-TNF naive
adult patients would make a difference, even for long-term
prognosis (a median follow-up of 64 months) after switching to
second-line anti-TNF (35). Neither a Markov model (3-month
cycle) developed to simulate the therapeutic sequences of initi-
ating biological treatment with ADA or I[FX revealed any signif-
icantdifferences in persistence after 3 years in patients with active
luminal CD (36).

Along with anti-TNF agents, anti-integrins and anti-IL 12/23
biologics have been proven by RCTs to be effective in adults with
active CD (37). Because head-to-head trials would require a high
number of patients for a noninferiority design and are unlikely to
be performed unless funded by academic (nonindustry) insti-
tutes, indirect comparisons based on systematic reviews and
network meta-analyses may help clinicians to guide first-line
biological treatment. In the study by Singh et al. (7), both ADA
and IFX were ranked highest among all biologicals as first-line
therapy for the induction of remission in adult patients with
moderate to severe CD confirming the results of a previous net-
work meta-analysis evaluating various biologics in both the in-
duction and maintenance phases and including IMM as a
comparator (3). By contrast, in an older network meta-analysis,
despite both ADA and IFX being effective, [FX was found to have
the highest probability of being ranked as the most efficacious
agent for induction (86%) and ADA for the maintenance of re-
mission (48%) (8).

In pediatric clinical practice, adult data are relied upon be-
cause evidence in children is very scarce. In previous RCTs, both
ADA and IFX were shown to be effective and safe in pediatric
populations (1,2). Early retrospective observational studies
revealed no difference between both therapies for up to 3 years of
follow-up after the induction phase (6). A recent systematic re-
view and meta-analysis identified 4 prospective cohort studies
comparing ADA and IFX in pediatric populations (4). Three of
these were abstracts; the only study that was published as a full
text evaluated mucosal healing with anti-TNF therapy in 37 pa-
tients (12 ADA and 25 IFX) with biologically naive CD (5). No
significant difference was found between the 2 therapies in
achieving complete mucosal healing over 1 year of follow-up (P 5
0.74). High rates of clinical benefit (remission 1 response
65%—93%) within 2 years of follow-up with no significant dif-
ference between ADA and IFX were recently reported among 87
children with CD from a prospective cohort of the Sicilian IBD
Network (9).

Thus, to date, there is no evidence that ADA is superior to [FX
or vice versa in adult or pediatric patients with CD (38). This is
also supported by our data based on propensity score matching.
However, our power calculations showed that using 31 experi-
mental and 31 control subjects, we were not able to detect HR of
approximately 0.34-2.90. Thus, we can only conclude that there
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Figure 4. Time to dose and interval adjustment in the whole study group
(pooled data, N 5 75) stratified by composite predictor (combination of
ASCA negativity and pANCA positivity [fenotyp ANCA 5 yes] vs combination
of ASCA positivity and pANCA negativity [fenotyp ANCA 5 no]). ASCA,
anti-Saccharomyces cerevisiae antibodies; pANCA, antineutrophilic
antibodies.

does not seem to be a substantial difference in the efficacy of both
drugs.

Nevertheless, in real-life clinical practice, ADA is often con-
sidered as a second-line anti-TNF therapy in pediatric patients
(39,40). This may be based on historically stronger experience
with IFX, which, for many years, has been the only anti-TNF
therapy approved for pediatric patients with CD. IFX may also be
perceived as being more potent and adjustable than ADA by some
clinicians due to the intravenous route of administration and
weight-based dosing schedule, which allows a more precise dos-
age, especially in smaller children (41). In perianal disease, [FX
may be preferred in clinical practice; however, available data
probably do not allow first-line anti-TNF therapy to be de-
termined based on disease phenotype (24,38,42,43).

Adalimumab vs Infliximab

The overall time to treatment escalation in our study was
approximately 50% within 3 years of follow-up. However, our
definition of treatment escalation also included the need for dose
and interval adjustment, which increases the rates compared with
arecently published systematic review of pediatric cohort studies
reporting the probability of continuing IFX therapy 83%—97%
after 1 year and 67%—-91% and 61%—85% after 2 and 3 years,
respectively. No conclusions can be made for ADA in this review
due to the limited number of time-to-event studies (44). When we
omitted the need for dose and interval adjustment from the
definition, our relapse rate was similar (40% during 3 years) to
those published. In the study focused on loss of response in pri-
mary responders, the reported random effects pooled incidence of
dose intensification was 38% (95% CI 28-50) for IFX and 36%
(95% CI30—43) for ADA, with substantial heterogeneity in both
cases. In pediatric patients, the mean percentage loss of response
was 25.5%, with no possibility to compare anti-TNFs because of
the lack of data (45).

Primary nonresponse to anti-TNF therapy is a substantial
obstacle in IBD treatment, especially in adults, and is associated
with an inferior response to second-line biologics (7). Primary
nonresponse rates in our study (6% with the ADA group and 7%
with the IFX group) were lower than those reported for both
adults and children (1,2,37). However, these rates do not seem to
be underestimated because the inflammatory markers and
wPCDALI significantly decreased in both groups up to week
12—16. It is unlikely that patients would continue anti-TNF
therapy due to the physicians’ decision despite any signs of im-
provement. Moreover, nonresponse rates may be higher in RCTs,
which follow a strict protocol, and different definitions of non-
response are used in various studies, preventing direct compari-
son of results. Furthermore, a recently proposed tight TDM
strategy during the induction phase (11), which could identify
early nonresponders by PK, was not performed in our Center
during the study. Several predictors of primary nonresponse are
described in the literature (38,46); however, we did not perform
these analyses because the rates of primary nonresponse were
very low in our patient population.

Concerning predictors of long-term anti-TNF response, tra-
ditional factors that appear in the literature, and are derived
mainly from adult data are younger age (younger than 40 years),
being naive to anti-TNF, and concomitant use of IMM (38). In
our study, only the latter was considered relevant and is discussed
further. In pediatric patients, these data are generally very scarce.

Table 3. Risk factors of treatment escalation tested by multivariate analysis in the whole study group (N 5 75)

HR (95% CI)
pANCA1 and ASCA2
L3 phenotype
SES-CD
Concomitant IMM (at least 6 mo)
Type of anti-TNF

5.19 (2.41-11.18)
0.49 (0.23-1.07)
0.98 (0.94-1.03)
0.78 (0.27-2.28)
0.95 (0.45-2.03)

P value Significance
0.00003 kkx
0.073 NS
0.523 NS
0.650 NS
0.901 NS

Predictive factors were evaluated during anti-TNF onset (Table 2). Values are listed as hazard ratio (HR) with 95% confidence interval (CI) and sorted by the raising P-value.
In the multivariate model, factors in bold were tested, and composite predictive factor (p)ANCA1 and ASCA2) was used (Table 3).
ASCA, anti-Saccharomyces cerevisiae antibodies; CI, confidence interval; HR, hazard ratio; IMM, immunomodulators; pANCA, antineutrophilic antibodies; SES-CD,

simple endoscopic score for Crohn’s disease; TNF, tumor necrosis factor.
***p _0.001; NS 5 not significant.
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Table 4. SAE according to the treatment group before propensity score matching (N 5 75)

ADA (N 5 31)

Pneumonia 0(0), NA50

Meningitis 0(0), NAS50

Pancreatitis 0(0), NA50

Leukopenia 1(0.03), NA5 0
Anemia 2 (0.06), NA5O
HSV 3(0.1), NA50
vzv 2 (0.06), NA5 0
Other 12 (0.39), NA5 0
Hospitalization 14 (0.45), NA5 0
Any SAE 20 (0.65), NA 5 0

IFX (N 5 44) Pvalue
3(0.07), NA5 0 0.07
2 (0.05), NA 5 0 0.14
2 (0.05), NA 5 0 0.14
2 (0.05), NA 5 0 0.77
4(0.09), NA5 0 0.67
6 (0.14), NA5 0 0.6
1(0.02), NA5 0 0.37

15 (0.34), NA5 0 0.68

15 (0.34), NA5 0 0.33

29 (0.66), NA 5 0 0.9

ADA, adalimumab; HSV, herpes simplex virus; IFX, infliximab; SAE, serious adverse event; VZV, varicella zoster virus.

A recently published study within the pediatric inflammatory
bowel disease (PIBD) Ahead projectidentified several risk factors
(especially phenotypic, serological, and genetic) for unfavorable
disease course; however, predictors of anti-TNF response/relapse
were not specifically addressed (47). In the largest pediatric pro-
spective inception cohort study (RISK study) in 913 CD patients,
several risk factors of B2 and B3 disease behavior were identified
but with no specific conclusions regarding the prediction of anti-
TNF efficacy (48). Recent studies identified various serological or
genetic predictors of anti-TNF response (49—54); however, these
factors were not measured in our patients and thus cannot be
discussed. We identified a combination of ASCA negativity and
pANCA positivity as the strongest independent predictors of
treatment escalation in the multivariate model. To the best of our
knowledge, this serological combination has not previously been
described in the literature and should be prospectively validated in
anindependentcohort. BecausepANCA positivityistypical forthe
ulcerative colitis (UC)-like phenotype, and anti-TNF effectivity is
generally lower in UC than in CD (9,12), it remains unclear
whether the abovementioned serological combination could be a
potential proxy marker of distinct disease phenotype of CD with
lower sensitivity to anti-TNF treatment.

Based on the results of a network meta-analysis focused on the
side effects of anti-TNF, the relative safety profiles of ADA and
IFX seemto be comparable (55). In our study, SAE rates were low,
did not differ between both groups in the mixed model, and led
only occasionally to treatment cessation (only 1 patient in each
group), supporting the current opinion that anti-TNF treatment
is safe in pediatric CD. Neither a recently published nationwide
cohort study among 2018 pediatric IBD patients revealed any
association between anti-TNF use and the risk of serious infec-
tions (56,57).

Proactive TDM was not performed in our study; thus, limited
data did not allow us to fully evaluate the predictive value of PK
regarding anti-TNF response. However, data available from se-
lected visits have revealed median levels of both ADA and IFX in
the range of recent recommendations in pediatric patients (11).
Thus, it is unlikely that our patients were underdosed and that the
physicians’ approach was affected by this phenomenon. ATI
formation was very rare but the transient presence of ATI could
have been overlooked due to the reactive TDM approach. Recent
studies identified various predictors of IFX levels, such as the
presence of ATI, serum albumin concentration, concomitant
IMM therapy, body weight, and sex (58). Owing to the scarcity of

Table 5. SAE according to the treatment group after propensity score matching (N 5 62)

ADA (N 5 31)

Pneumonia 0(0), NAS50

Meningitis 0(0), NAS50

Pancreatitis 0(0), NAS50

Leukopenia 1(0.03), NA50
Anemia 2 (0.06), NA5 O
HSV 3(0.1), NA50
VzZv 2 (0.06), NA50
Other 12 (0.39), NA5 0
Hospitalization 14 (0.45), NA5 0O
Any SAE 20 (0.65), NA5 0

IFX (N 5 31) P value
3(0.1), NA50 0.04
1(0.03), NA50 0.24
2 (0.06), NA5 0 0.09
0(0), NA50 0.24
4(0.13), NA5 0 0.39
4(0.13), NA5 0 0.69
1 (0.03), NA5 0 0.55

11 (0.35), NA5 0 0.79
10 (0.32), NA5 0 0.3
22 (0.71), NA5 0 0.59

ADA, adalimumab; HSV, herpes simplex virus; IFX, infliximab; SAE, serious adverse event; VZV, varicella zoster virus.
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Table 6. Mix model presenting occurrence of any SAE—adjusted to type of anti-TNF, concomitant IMM, and length of follow-up

OR (95% CI) P value
Type of anti-TNF 1.072 (0.566-2.031) 0.831
Concomitant IMM 1.613 (0.627—4.148) 0.322
Length of follow-up 1.167 (0.934-1.459) 0.175

NumbersinTables4and 5are listed as No. (and fraction, %) of cases that presented with respective SAE at least once during the follow-up. There were no cases of
hepatopathy, thrombosis, malignities, or deathsidentified in any of the groups. The subsequently performed mix model (Table 6) did not find any differencein the

occurrence of SAE between both groups.

CI, confidence interval; IMM, immunomodulator; SAE, serious adverse event; TNF, tumor necrosis factor.

PK data in our study, we did not intend to identify any predictors
of PK in our patients.
The approach to concomitant IMM therapy differs among
pediatric IBD centers. In the European Union, AZA is used in
most patients; by contrast, in the United States, use of MTX or
anti-TNF monotherapy is more popular (39,59). Despite con-
flicting data, combination therapy is still considered useful
(13,60—63), and most pediatric centers use it for at least 6 months
from the onset of anti-TNF treatment. In accordance with recent
data and current guidelines, IMM has been used less frequently in
patients treated with ADA compared with patients treated with
IFX (11,64). In our study, IMM treatment was not identified as a
strong predictor of relapse on both univariate and multivariate
analyses. These results could be affected by the high rate of con-
comitant IMM treatment in both groups. Owing to limited data,
we could not analyze the possible effect of IMM on anti-TNF PK.
In addition to efficacy and safety, cost may be an important
factor when selecting an appropriate first-line anti-TNF therapy.
In some studies, ADA seems to be less costly than IFX; in others,
the opposite seems to be true (65—-68). Moreover, biosimilars
coming to the market have changed the scenario significantly
(69,70). Financial issues may be strongly dependent on the local
situation, and other aspects such as quality of life should be
considered when selecting an appropriate biological treatment.
Our data show that both ADA and IFX seem to demonstrate
comparable efficacy and safety in pediatric CD patients naive to
biologics. This study included a relatively small sample size
compared with adult trials, preventing us from drawing strong
conclusions. Despite its prospective design, some data were
missing, and PK data were not available at all time points because
TDM was not applied proactively during the study. Results in
ADA-treated patients may have been influenced by a lack of
adherence to therapy, which we were unable to evaluate. Con-
versely, this is the first pediatric study using propensity score
matching with effective pairing (no dropouts), a prospective de-
sign, and a long duration of follow-up. Data comparing both anti-
TNFs should be considered with caution in the future because
these are derived from the traditional step-up approach. Because
the top-down strategy (at least for [IFX) may become preferable in
children based on recent data (11,71), further research on the
efficacy of various biologics as first-line treatment immediately
after diagnosis must be performed.
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Study Highlights
WHAT IS KNOWN

3 Bothadalimumab (ADA) and infliximab (IFX) are effective
and safe in the treatment of pediatric Crohn’s disease.

WHATIS NEWHERE

3 Thisisthefirst prospective observational study comparing
ADA and IFXin pediatric Crohn’s disease.
Propensity score matching did not reveal substantial
differencesin efficacy or safety between ADAand IFX.

3 The ASCA2/pANCA1 combination is a strong predictor of
treatment escalation.
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BACKGROUND: We aimed to evaluate the predictors of sustainability of biologic drugs for paediatric patients with Crohn’s disease (CD).
METHODS: The Czech National Prospective Registry of Biologic and Targeted Therapy of Inflammatory Bowel Disease (CREdIT) was used
to identify the biologic treatment courses in paediatric patients with CD. Mixed-effects Cox models and propensity score analyses were

employed to evaluate predictors of treatment sustainability.

RESULTS: Among the 558 observations of 473 patients, 264 were treated with adalimumab (47%), 240 with infliximab (43%), 41 with
ustekinumab (7%), and 13 with vedolizumab (2%). Multivariable analysis revealed higher discontinuation risk with infliximab compared
to adalimumab (HR=0.600, 95%CI 0.389-0.926), both overall and in first-line treatment (HR =0.302, 95%CI 0.103-0.890). Infliximab
versusadalimumab was associated with shortertime toescalation (HR=0.094,95%C|0.043-0.203). Propensity-score analysis

demonstrated lower sustainability of infliximab (HR = 0.563, 95%CI 1.159-2.725). The time since diagnosis to treatment initiation
(HR=0.852,95%CI0.781-0.926) was the mostimportant predictor. Baselineimmunosuppressive therapy prolonged sustainability with

infliximab (HR =2.899, 95%Cl 1.311-6.410).

CONCLUSIONS: Given the results suggesting shorter sustainability, the need for earlier intensification and thus higher drug exposure,

andthegreaterneed forimmunosuppression with infliximab than with adalimumab, the choice ofthese drugs cannotbe considered

completely equitable.

Pediatric Research; https://doi.org/10.1038/s41390-023-02913-7

IMPACT:

* Ourstudy identified predictors of sustainability of biologic treatment in paediatric patients with Crohn’s disease, including
adalimumab (versus infliximab), early initiation of biologic treatment, and normalised baseline haemoglobin levels. Infliximab
treatmentwas associated with earlierintensification, higher drug exposure, and a greater need forimmunosuppression.

* Parentsand patients should befullyinformed ofthe disadvantages ofintravenous infliximab versus adalimumab during the

decision-making process.

* This study emphasises the importance of not delaying the initiation of biologic therapy in paediatric patients with Crohn’s disease.

INTRODUCTION

Apreviously published meta-analysis showed that approximately
20% of patients with Crohn’s disease (CD) lose response to anti-
tumor necrosis factor (anti-TNF) therapy every year." However,
these datamostly come from studieslastinglessthanthree years.
A more recent study in adults has indicated that sustainability of
biologic drugs differs during follow-up, and that the incidence
of loss of response was much lower after two years of treatment.?

We recently showed that the sustainability rate among 75 anti-
TNF naive paediatric patients with CDwas 60% duringthree years
of anti-TNF treatment.® Long-term data concerning paediatric
patients with inflammatory bowel disease (IBD) on biologic
treatment are scarce.* The predictors of sustainability remain
unknown. Among adults and children, one of the most discussed
predictors is the delay between diagnosis and the initiation of
biologic treatment.57
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In this study, we aimed to evaluate sustainability among biologic
drugsin patients with CD using aprospective national database of
patients with IBD treated with targeted therapy (Registry: CREdIT;
https://credit.registry.cz). We aimed to identify the predictors of
sustainability and develop a model to predict sustainability, if
possible. Additionally, we compared the efficacy of anti-TNF
biologics with that of non-anti-TNF biologics after previous anti-
TNF treatmentfailure. Finally, we aimed to provide insightinto the
reasons and dynamics of treatment discontinuation.

MATERIALS AND METHODS

Study design and registry

This study was designed as a pre-planned analysis of retrospectively
and prospectively collected data using a nationwide registry of patients
with IBD treated with biologics or small molecules, called CREdIT (https://
credit.registry.cz). The registry was established in 2016, and after reviewing the
protocol, the Ethics Committee issued a favourable opinion. After informed
consent was obtained, patients were registered at the time of treatment
initiation (prospective arm) or, for a small proportion of patients, at the start of
the registry, when treatment was already ongoing for >3 months (retro-
spective arm). After registration, all visits and drug applications were
prospectively recorded. Data were collected by a paediatric gastroenterologist.
The collected data consisted of information entered at the time of diagnosis
(demographic data, disease classification, and characteristics), at the time of
new treatment initiation (therapy, disease activity), and at the time of the visit
with subcutaneous or intravenous drugs application (therapy, disease activity).
Further details are listed in Table 1.

Nine of 12 paediatric IBD biologic treatment centres in the Czech
Republic enroled atleast one patient, all of whom participatedin the study.
Based on our best estimates and personal communication, we assume that
this represents approximately 85% of all paediatric patients with IBD
treated with biologic therapy in the Czech Republic. The treatment course
was considered an individual observation. The inclusion criteria were a
diagnosis of CD and starting the course of biologic treatment at the age of
<19 years. The exclusion criteria were missing data on the event
(discontinuation), time to event, type of treatment, and treatment line.

Outcome and definitions

The primary outcome was the time to treatment discontinuation. Any
discontinuation of treatment was considered an event. If an individual child
received repeated biologic treatments, all courses that met the inclusion
criteriawere analysed. Switchingtoadifferentdrugwithinthe samebiologic
agent (including a biosimilar or switching from an intravenous to
subcutaneous formulation) was not considered a termination and was
analysed as one observation. The time to termination was calculated from the
last application of the drug to the start date. If a patient did not terminate
treatment, the last visit was considered for the follow-up time. The reasons for
termination were classified into three categories: treatment failure, side
effects, and termination based on patient’s preference. The side-effect of the
treatmenthadto be considered the mainreasonforits termination, toreach
the category “side-effect’. Escalation was defined as any intensification of
treatment over the standard regimen, calculated based on the patient’s body
weightorbodyarea (includingshorteningtheintervalorincreasingthedose
ofthedrug). Thetime toescalationwas calculatedinamannersimilartothat
used to calculate the time to termination. Immunosuppressive therapy at
the time of treatment initiation was defined as any dose of azathioprine,
6-mercaptopurine, or methotrexate administered at the time of the first
biologicdrugapplication. Theterm“treatmentline” isusedinthetexttorefer
to the numbered order of biological therapy administered to the patient.

Statistical analysis

All data were analysed using the R statistical software (version 4.2.0; www.r-
project.org). Continuous variables were described as median and interquartile
range (IQRs). Categorical variables were described as absolute frequencies
and percentages. Variables with a high proportion of missing data were
excluded from analysis. Other missing data (frequency <45%) were imputed
using multiple imputation methods with the R package “mice”.

The primary outcome of the study was evaluated using a mixed-effects
Coxproportional hazards model withthe R package “coxme”. Therandom
part ofthe model consisted of a particular patient, centre, and time-period.
The pre-selected predictors were tested using Cox mixed regression. To
assess the importance of particular variables, we further tested the
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association between time totreatmenttermination and the variables using
multivariable Cox proportional hazards mixed models. All these models
were adjusted for retrospective data acquisition.

After detecting a difference in sustainability between ADA and IFX, we
performed a propensity score analysis to improve the balance between
these two treatment groups. Matching was performed on imputed
datasets using nearest neighbour matching and a 1:1 ratio within the
package “matchThem”. As covariates, we selected four variables that best
predicted treatment allocation (CRP, centre, height Z score, and retro-
spective acquisition of data) and added treatment line and time since
diagnosis based on clinical decisions. The final Cox proportional hazards
mixed model was adjusted for the use of immunomodulators at the
beginning of the biologic treatment and the time since diagnosis.

The incidence rate per patient-year was calculated for different time
periods. We used parametric survival modelling with Weibull distribution
and Wald test for a significant increase/decrease in hazard with longer
treatment duration.

The normalisation of haemoglobin was done by equation: (actual
haemoglobin—((lower limit + upper limit)/2))/(upper limit—lower limit).
The limits were adopted from UpToDate.®

Probability (p) values of <0.05 were considered significant. A 95%
confidence interval (Cl) was used. Figures were constructed using the R
package “ggplot2”.

The data underlying this article will be shared on reasonable request to
the corresponding author.

RESULTS

Among the included (Fig. S1) 558 observations (227 female,
41%) of 473 paediatric CD patients, 264 observations were with
adalimumab (47%), 240 with infliximab (43%), 41 with usteki-
numab (7%), and 13 with vedolizumab (2%). Most of the
observations were from the first line of biologic treatment (first:
418,75%; second: 102, 18%; third: 34, 6%; fourthandfifth: 3, 1%)
and concomitant immunosuppressive therapy at the beginning
of the treatment course (448, 80%) (Table 1). The overall
sustainability of drugs in paediatric patients with CD, irrespective
of the treatment line, is shown in Fig. 1a. After 3 years of
treatment, approximately 75% of the patients were still receiving
the same biologic treatment.

Sustainability predictors

We identified the time since diagnosis, treatment line, haemoglobin
level at the beginning of treatment, and the treatment substance as
predictors of sustainabilityin Cox mixed models adjusted for person,
centre, and time-period (Table S1). Among biologic treatment,
observations with infliximab (HR 0.57,95% CI10.37-0.88, p =0.011)
and vedolizumab (HR 0.31, 95% CI 0.11-0.95, p = 0.040) had shorter
sustainability compared to adalimumab, Fig. 1b.

Multivariable analysis revealed that patients treated with
infliximab were at a higher risk of discontinuation than patients
treated with adalimumab (Table 2; HR 0.640, 95% CI 0.412-0.993,
p =0.046). Furthermore, treatment with vedolizumab also pre-
dicted shorter sustainability (HR 0.29, 95% CI 0.087-0.969,
p =0.044). Inthe same model, the time since diagnosis to biologic
treatment initiation (HR 0.852, 95% CI 0.781-0.929, p<0.001) and
normalised haemoglobin levels (HR 1.783, 1.086-2.924, p =0.022)
were associated with the sustainability of biologic treatment in
paediatric patients with CD. Because a difference between the
treatment groups was detected, we compared wPCDAI, C-reactive
protein, and faecal calprotectin levels between these groups
(Tables S2 and S3). We did not find any differences even after
separation when the endpoints were reached. Given the low power
of the predictors, we withdrew from building a prediction model.

Comparing sustainability between ADA and IFX using
propensity score matching

Among originally included 504 courses of anti-TNF treatment
(Tables S4, Table S5) 240 with infliximab and 240 with adalimumab
were matched (Fig. S2). Patients treated with infliximab showed a
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Table 1. Baseline characteristic of observations.

adalimumab (N =264)

Time since diagnosis [Years]

Median [Q1,Q3]
Missing
Sex
Female
Male
Age at start [Years]
Median [Q1,Q3]
Location
L1
L2
L3
Missing
L4
no
yes
Growth retardation
GO
G1

0.917 [0.264,2.21]
29 (11.0%)

110 (41.7%)
154 (58.3%)

14.5[11.9,16.4]

29 (11.0%)
53 (20.1%)
178 (67.4%)
4(1.5%)

120 (45.5%)
144 (54.5%)

190 (72.0%)
74 (28.0%)

Indication for treatment initiation

extraintestinal
luminal
perianal
Baseline SES-CD
Median [Q1,Q3]
Missing
Baseline fCPT [ug/g]
Median [Q1,Q3]
Missing
Baseline CRP [mg/I]
Median [Q1,Q3]
Missing

24 (9.1%)
181 (68.6%)
59 (22.3%)

17.0 [9.00,25.0]
151 (57.2%)

1320 [418,1800]
63 (23.9%)

5.30[1.60,16.4]
3(1.1%)

Baseline haemoglobin [g/I]

Median [Q1,Q3]
Missing

124 [115,135]
3(1.1%)

Normalised baseline haemoglobin

Median [Q1,Q3]

Missing
Baseline leukocytes
Median [Q1,Q3]
Missing
Baseline wPCDAI
Median [Q1,Q3]
Missing
Baseline BMI Z-score
Median [Q1,Q3]

Missing

Pediatric Research

—0.288 [-0.561,-0.0455]

3 (1.1%)

7.12 [5.90,9.10]
3 (1.1%)

20.0 [7.50,35.0]
0 (0%)

-0.658 [-1.36,0.138]

2 (0.8%)

infliximab (N =240)

0.923 [0.159,2.30]
21 (8.8%)

97 (40.4%)
143 (59.6%)

15.0 [12.1,16.9]

38 (15.8%)
45 (18.8%)
153 (63.8%)
4(1.7%)

129 (53.8%)
111 (46.3%)

174 (72.5%)
66 (27.5%)

10 (4.2%)
164 (68.3%)
66 (27.5%)

21.0[14.0,28.0]
160 (66.7%)

1340 [488,2030]
64 (26.7%)

6.10[1.53,15.1]
2 (0.8%)

124 [112,136]
2 (0.8%)

—0.325 [-0.608,-0.100]

2 (0.8%)

7.50 [5.80,9.72]
2 (0.8%)

20.0 [7.50,35.0]
1(0.4%)

-0.640[-1.37,0.00926]

0 (0%)

ustekinumab
(N =41)

4.67 [3.77,5.45]
27 (65.9%)

16 (39.0%)
25 (61.0%)

14.5[11.7,16.1]

5 (12.2%)
14 (34.1%)
22 (53.7%)
0 (0%)

25 (61.0%)
16 (39.0%)

23 (56.1%)
18 (43.9%)

5(12.2%)
32 (78.0%)
4 (9.8%)

20.0[17.0,27.5]
25 (61.0%)

1400 [402,1820]
10 (24.4%)

3.30[1.20,10.1]
0 (0%)

126 [120,137]
0 (0%)

-0.197 [-0.450,0]

0 (0%)

8.90[7.10,11.4]
0 (0%)

20.0 [7.50,32.5]
0 (0%)

0.0187
[-0.728,0.298]

0 (0%)

vedolizumab (N =13)

2.48 [0.999,4.69]
6 (46.2%)

4 (30.8%)
9 (69.2%)

15.7 [11.7,16.8]

3(23.1%)
5 (38.5%)
5 (38.5%)
0 (0%)

7 (53.8%)
6 (46.2%)

10 (76.9%)
3(23.1%)

0 (0%)
10 (76.9%)
3(23.1%)

16.0 [14.3,19.8]
5 (38.5%)

814 [274,1550]
2 (15.4%)

2.60 [0.500,12.0]
0 (0%)

132 [120,143]
0 (0%)

-0.125 [-0.561,0.0750]

0 (0%)

7.77 [7.40,9.70]
0 (0%)

22.5[12.5,25.0]
0 (0%)

-0.246 [-0.937,
—0.00504]

0 (0%)

Overall
(N =558)

0.975 [0.226,2.59]
83 (14.9%)

227 (40.7%)
331 (59.3%)

14.8 [12.0,16.7]

75 (13.4%)
117 (21.0%)
358 (64.2%)
8 (1.4%)

281 (50.4%)
277 (49.6%)

397 (71.1%)
161 (28.9%)

39 (7.0%)
387 (69.4%)
132 (23.7%)

19.0 [12.0,26.0]
341 (61.1%)

1320 [429,1800]
139 (24.9%)

5.40 [1.40,15.7]
5 (0.9%)

124 [115,136]
5 (0.9%)

-0.288 [-0.575,
—-0.0500]

5 (0.9%)

7.50 [5.90,9.60]
5 (0.9%)

20.0 [7.50,35.0]
1(0.2%)

-0.607
[~1.35,0.137]

2 (0.4%)
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Table 1. continued

adalimumab (N =264)

Baseline height Z-score

Median [Q1,Q3] -0.624 [-1.54,0.239]

Treatment line

1. 214 (81.1%) 202 (84.2%)

2. 50 (18.9%) 36 (15.0%)

3. 0 (0%) 1 (0.4%)

4. 0 (0%) 0 (0%)

5. 0 (0%) 1 (0.4%)
Baseline immunomodulator

no 53 (20.1%) 40 (16.7%)

yes 211 (79.9%) 200 (83.3%)
Start time period [calendar years]

(2009,2015) 11 (4.2%) 19 (7.9%)

(2015,2018) 42 (15.9%) 35 (14.6%)

(2018,2023) 211 (79.9%) 186 (77.5%)
Patients enroled retrospectively

no 234 (88.6%) 213 (88.8%)

yes 30 (11.4%) 27 (11.3%)

infliximab (N =240)

-0.762 [-1.60,0.0708]

ustekinumab vedolizumab (N =13)  Overall

(N =41) (N =558)
-0.766 [-1.53, -0.524 [-1.42,0.357] -0.688
-0.267] [-1.57,0.141]
0 (0%) 2 (15.4%) 418 (74.9%)
13 (31.7%) 3(23.1%) 102 (18.3%)
28 (68.3%) 5 (38.5%) 34 (6.1%)

0 (0%) 3(23.1%) 3 (0.5%)

0 (0%) 0 (0%) 1(0.2%)

12 (29.3%) 5 (38.5%) 110 (19.7%)
29 (70.7%) 8 (61.5%) 448 (80.3%)
0 (0%) 0 (0%) 30 (5.4%)

3 (7.3%) 1(7.7%) 81 (14.5%)
38 (92.7%) 12 (92.3%) 447 (80.1%)
40 (97.6%) 13 (100%) 500 (89.6%)
1(2.4%) 0 (0%) 58 (10.4%)

Q1 first quartile, Q3 third quartile, L1 ileocaecal, L2 colonic, L3 ileocolonic disease, L4 upper gastrointestinal involvement, SES-CD simple endoscopic score for
Crohn’s disease, CRP C-reactive protein, wPCDAI weighted Paediatric Crohn’s Disease Activity Index, BMI body mass index

shorter time to drug termination than those treated with
adalimumab (adjusted HR 0.563, 95% 0.367—0.863, p = 0.008)
(Fig. 1c). This Cox mixed model was adjusted for baseline
treatment with an immunomodulator, the time since diagnosis,
and random effects of patient and time-period (Table S6).

Predictors of sustainability of anti-TNF as a first line treatment
Among the 504 included observations, 214 treatment courses with
adalimumab, 202 courses with infliximab, and two courses with
vedolizumab were used as first-line biologic treatments. The basic
characteristics of anti-TNF treatment are listed in Table S7. Using Cox
mixed regression models adjusted for person, centre, and time-
period, we identified two predictors of sustainability. Patients treated
with infliximab as the first-line treatment showed shorter sustain-
ability of biologic treatment than those treated with adalimumab as
first-line treatment (HR 0.575, 95% C10.360-0.919, p =0.021). Shorter
time to initiation of biological therapy was associated with longer
sustainability.. In a multiple Cox mixed model (Table S8) that included
infliximab, time since diagnosis to biologic treatment initiation, and
baseline normalised haemoglobin we found that they were all
associated with sustainability as first-line treatment (infliximab HR
0.302,95% CI10.103-0.890, p =0.030; time since diagnosis HR 0.789,
95% C10.717-0.867, p <0.001; normalised baseline haemoglobin HR
2.028, 95% Cl 1.189-3.46, p = 0.010). Moreover, we found an
interaction between the substance and baseline immunomodulatory
treatment; among patients treated with infliximab, immunomodu-
lators prolonged sustainability (HR 2.899, 95% CI 1.311-6.41,
p = 0.009). This model was further adjusted for retrospective
gathering of data in the fixed part of the model and for individual,
centre and time period in the random part of the model.

Predictors of sustainability of anti-TNF after previous
treatment with anti-TNF

We identified 138 patients who were treated with biologics aftera
courseofanti-TNF treatment, including 86 who were administered
a second anti-TNF treatment (50 with adalimumab and 36 with
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infliximab) and 52 who were administered other biologics (11 with
vedolizumab and 41 with ustekinumab) (Table S9). We found a
negative association between baseline CRP levels and sustain-
ability (HR 0.971, 95% C10.957-0.985, p <0.001). The sustainability
ofnon-anti-TNF treatment (vedolizumab orustekinumab)was not
significantly longer than that of anti-TNF treatment after the
course ofanti-TNF treatment (Fig. 1d, Fig. S3, Table S10),evenin
multiple Coxregression mixed models adjusted for baseline CRP
(HR 0.491, 95% CI 0.192-1.256, p =0.136).

Time to escalation
Treatment escalation was recorded in 48% of the treatment courses.
Treatment with infliximab (Fig. S4a), time since diagnosis, wPCDAI,
and calprotectin levels were identified as predictors of treatment
sustainability (Table S11a). Using a multiple Cox regression mixed
model, we found that the time to treatment intensification was
shorterin patientstreated withinfliximab thaninthose treated with
adalimumab (HR 0.094, 95% CI1 0.043-0.203, p <0.001). Additionally,
we identified the time since diagnosis (HR 0.891, 95% CI
0.818-0.970, p=0.009) and baseline wPCDAI (HR 0.980, 95% CI
0.973-0.989, p < 0.001) as predictors of sustainability without
intensification (Table S12a). We also performed a sub-analysis from
which we excluded those observations where intensification
occurred within 8 weeks. Although we found an association
between ustekinumab treatment and shorter time to intensification
in the unadjusted model, this association was lost in the final Cox
regression model, and the final result was very similar to the analysis
on the whole group (Table S11b, Fig. S4b, Table S12b).

Termination of the treatment during the study follow-up and
reason for termination

During the observational period, with a median of 1.4 years,

treatment was terminated in 101 cases (18%), five (5%) due to

patient preferences, twenty-four (24%) due to side effects,and 72

(71%) duetotreatmentfailure (Fig. 2). These represent 1110 person-

years with an event rate of 0.091 (Table S13). The incidence of
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Fig. 1 Sustainability of biologic treatment (Kaplan Meier curves). a All included paediatric CD patients, (b) subgroup analysis per biologic
agent, (C) subgroup analysis per biologic agent in propensity score matched subgroup and (d) subgroup analysis in subgroup of patient after
failing anti-TNF treatment. Note non-anti-TNF was represented by vedolizumab or ustekinumab treatment.

treatment termination was highest in the first year (event rate of
0.48,95%C10.35-0.63), decreased quicklyinthe secondyear (event
rate 0f 0.12,95% CI10.08-0.18), reached its lowest in the fourth year
(0.01-0.06), and remained quite stable (Fig. 3, Fig. S5). During the
entire period of follow-up (1110 person-years) the decrease in
termination incidence rate was significant (p <2*10'6).

DISCUSSION
Our study, which utilised a nationwide registry of 558 courses of
biologic treatment, revealed that the sustainability of infliximab
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was 40% lower than that of adalimumab in children with CD. In
addition, we do not find a difference in disease activity at
termination between the treatment groups. This difference
persisted even after propensity score matching or when the
analysis was restricted to patients treated only with their first
biologic therapy. Furthermore, we observed that patients treated
with infliximab required 6-fold earlier intensification. According to
our study, postponing the initiation of biologic therapy in
paediatric patients with CD by one yearresulted in 15% reduction
in the likelihood of treatment sustainability, underscoring the
critical significance of early treatment initiation for achieving
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Table 2. Multivariable Cox regression mixed model for sustainability.

predictor HR D

Infliximab (versus adalimumab) 0.600 (0.389—-0.926) 0.021
Ustekinumab (versus 2.778 (0.71-10.87) 0.142
adalimumab)

Vedolizumab (versus 0.29 (0.087—-0.969) 0.044
adalimumab)

Treatment line 1.121 (0.706—1.783) 0.628
Baseline normalised 1.783 (1.086—2.924) 0.022
haemoglobin [g/I]

Baseline immunomodulator 1.145 (0.672—1.949) 0.617
Time since diagnosis [years] 0.852 (0.781-0.929) <0.001

The model were further adjusted for retrospective gathering of data in the
fixed part of the model and for individual, centre and time period in
random part of the model.

Cumulative incidence
o
0
o

0.25 -
0.00 ' ‘ j
1 2 3 4 5
Times [years]
Event  (s0) Patients preference Side effects Treatment failure

Fig. 2 Cumulative incidence of treatment termination with corre-
sponding reasons.
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Fig. 3 Incidence of treatment termination according to time since
the start of treatment.

optimal treatment outcomes. Among the markers of disease
activity at the time of biologic treatment initiation, only lower
haemoglobin levels were associated with sustainability in our
study. Although we identified these predictors, we were unable to
construct a sufficiently robust prediction model because of the
strength of their association.

Regarding the sustainability of adalimumab versus infliximab,
studies in adults have shown conflicting results.>%-'! There are
very limited data available on this topic for the paediatric
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population.®1213 Although the published meta-analysis suggested
comparable efficacy, owing to the small sample size and
heterogeneity of the included studies, the conclusion was that
larger studies were needed for a more definite conclusion.”®In a
previous small-scale study conducted at our referral centre, we
used propensity score analysis and found no significant differ-
ences between adalimumab and infliximab in terms of treatment
intensification or relapse.® However, it is important to note that
the number of patients included in the study was relatively small,
and the follow-up period was not long enough to detect any
potential differences. According to a recent abstract by Atia
et al.,’ a propensity score analysis of data from the epi-IIRN
database for children and adults that included 760 patients
treated with infliximab and 760 treated with adalimumab, found
that adalimumab had longer sustainability, yielding the same
results as those observed in our largest study to date.

We observed a difference in long-term sustainability between
adalimumab and infliximab despite their similar short-term efficacy
in randomised controlled trials.'®'® One possible reason for this
difference might be the mode of administration. For example,
intravenous administration can result in greater variations in serum
concentrations.'”='° In line with this, newly registered biologics are
increasingly administered subcutaneously during the maintenance
phase.?°

In the resulting multiple Cox regression model, we found
shorter sustainability in patients who were treated with vedolizu-
mab. Given the low number of included observations with
vedolizumab and the isolated outcome, this can only be
considered as a starting point for further research that would
primarily focus on the difference between e.g., anti-TNF and anti-
integrin therapy in paediatric patients. Even though this is an

adjusted model, it is likely that the group of patients who received

vedolizumab included patients who had already failed previous
therapy, i.e., patients who were more refractory. On the other
hand, it should be noted that the other non-anti-TNF, ustekinu-
mab, to which similar patients were started, showed the opposite
trend, that is protective.

There is no clarity yet on the appropriate anti-TNF agents, and
how long they need to be administered for immunosuppressive
therapy concomitantly.?'-25 Some data suggest that combination
therapy may be more important with infliximab than with
adalimumab.?"?2 Additionally, in our paediatric study, we observed
thatthe use ofanimmunomodulator alongside infliximab resulted
in a threefold increase in the rate of sustainability, whereas no such
benefit was observed with adalimumab treatment.

Both older and more recent data consistently indicate that
delaying the initiation of intensive therapy, typically involving
biologic agents, following the diagnosis of CD is associated with a
poorer prognosis.5®26 Inourstudy, we demonstrated thatforeach
yearbiologictherapy was delayed in paediatric CD patients, there
was 15% reduction in treatment sustainability. Surprisingly, a
recent study from the ImproveCareNow Network registry did not
find an association between early initiation of the first biologic
treatment and its discontinuation.* However, it should be
emphasised that this association was only evaluated in a subset
of patients for whom a recent clinic visit before biologic initiation
was available and whose biologic discontinuation status was
known. Therefore, the possibility of selection bias, which may have
caused this association to not be found in the analysed
subpopulation, cannot be ruled out. Moreover, more than one-
third of the cohort consisted of paediatric-onset adult patients.

Although Kaplan et al.# identified a weak association between
baseline CD disease activity (short PCDAI) and the time to
termination, this association was not significant in the multi-
variable analysis. In contrast, our study demonstrated that the
probability of sustainability increased with increasing in normal-
ised haemoglobin values, suggesting that disease activity, as
might be reflected by haemoglobin levels, may be a predictor of
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treatment sustainability. This association appears to be significant
only shortly aftertreatmentinitiation, as shown by furtheranalysis
using Receiver Operating Characteristic curves atindividual time
points (data not shown). Since the association of normalised
haemoglobin only comesoutinthe multivariate regression model,
is valid shortly after initiation, and is a normalised value, it is
difficult to make any recommendation for practice based on
such data.

We investigated whether patients who previously failed
treatment with an anti-TNF agent experienced prolonged
survival when treated with a non-anti-TNF agent. While non-
anti-TNF treatment was numerically associated with greater
sustainability, our adjusted models did not demonstrate a
significant difference. It is important to note that the number
of patients in this group was considerably lower and the length
of follow-up for these patients, particularly those receiving non-
anti-TNF treatment, was relatively short. Moreover, it should be
noted that we had no access to the recommended?’ therapeutic
drugs in the previous anti-TNF treatment course, and we had no
information whether the failure was pharmacokinetic or
pharmacodynamic. As there have been no other published data
on this topic in paediatric patients, further studies with a larger
group, including also patients treated with non-anti-TNF drugs,
are necessary to clarify whether other anti-TNF drugs are
inappropriate after the failure of anti-TNF treatment. However,
it should be noted that in our study, after two years, more than
80% of the patients in both groups were still receiving the same
treatment (Fig. 1d).

A recent study of adult patients with CD revealed that the
discontinuation rates of anti-TNF therapy decreased over time,
with rates of discontinuation being three times lower after four
years than those in the first year of treatment.? Similarly, we
observed a significant decrease in termination rates, which were
over 10 times lower after three years compared to those in the
first year of a treatment course. As in adults, the most frequent
reason for the termination of treatment in children is treatment
failure.24 However, in accordance with other literature,?3-3 the
percentage of treatment courses terminated due to side effects
appears to be much higher in children (24% in our paediatric
study and 23% in the ImproveCareNow cohort*) than in adult
patients (11%?2). Notably, the overall sustainability of anti-TNF
therapy in adult patients appears to be lower than that in
paediatric patients. In our paediatric study, we observed a
sustainability rate of 75%, whichis consistent with other paediatric
reports,*3! however it was higher than the data in adults showing
less than 50% sustainability at 3 years.?

Our study has several strengths. First, this was a prospective
study conducted by physicians and covered approximately 85%
of all patients treated with biologics in the Czech Republic,
making it a population-based study. Second, the study included
a sufficient number of patients to assess the differences
between the anti-TNF agents. However, some limitations should
be acknowledged. For instance, it was more challenging to
evaluate the potential benefits of concomitant immunomodu-
lators because they were administered to a large proportion of
patients. Furthermore, although our study focused on sustain-
ability, we acknowledge that an intervention study could
provide more conclusive evidence. Like all fully observational
studies, ours involves decisions that are in the hands of the
treating physicians and may be influenced by personal
preference, price, and whether the drugs are reimbursed by
insurance. Specifically, our study includes a relatively large
number of patients who were first treated with both types of
anti-TNF agents for the latter reasons. However, from a certain
point of view, this may be an advantage, at least in relation to
the assessment of the applicability of both agents to each other.
On the other hand, vedolizumab and ustekinumab, which were
initiated only in later lines, are more difficult to compare with
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anti-TNF agents. The nature of an observational study also does
not rule out different practices for different drugs. And it must
be acknowledged that this may have been reflected in the
willingness of physicians to intensify therapy. Therefore, the
finding of a large difference between adalimumab and
infliximab intensification should be viewed with caution and
may not always mean that intensification was actually needed.
On the other hand, even when infliximab intensification was
more frequent, lower sustainability were found in our study.
Because this difference may be more pronounced, an analysis
was also performed excluding observations in which intensifica-
tion was performed within the first 8 weeks. An additional
limitation is the presence of a proportion of retrospective data
and the association of the method of data collection with
sustainability. The resulting models were therefore adjusted for
the type of data collection and this variable was also included in
the development of the model for propensity score. However,
the results of this sub-analysis were very similar to the analysis
of the whole group. In order to include a sufficient number of
observations, patients had to be enroled over a longer period of
time, during which time the requirements for depth of remission
were likely to tighten. Although this approach is unlikely to vary
by e.g., preparation, a time period factor was additionally added
to all models. Safety-related data were not reported separately
in this study but will be addressed in a future publication.
Additionally, we compared observations rather than patients,
which could be perceived as a disadvantage. However, we
consider this an advantage because it allowed us to better treat
patients who usually do not respond or have difficulty
responding to any treatment. Appropriate statistical methods
were used to account for this approach. One drawback of the
search for predictors was the incompleteness of the baseline
endoscopic data. Because of the large amount of missing
baseline endoscopic data (61%), we decided not to impute or
use these data in the models. A significant limitation of our
study was the lack of therapeutic drug monitoring, which
prevented us from drawing definitive conclusions regarding the
comparison of anti-TNF and non-anti-TNF treatments in patients
who previously failed anti-TNF therapy. Finally, it should be
noted that our study did not aim to compare less commonly
used biologic treatments, such as ustekinumab and especially
vedolizumab. Therefore, caution should be exercised when
interpreting the results in the context of these treatments.

In conclusion, we identified several predictors of the sustain-
ability of biologic therapy. Of these, the most important seems to
be the time from diagnosis to initiation of therapy and a specific
drug. Considering the strengths of the predictors, we were unable
to construct a predictive model. However, the key finding was the
difference between adalimumab and infliximab. Overall, given
that the results are in line with the available evidence suggesting
shorter sustainability of infliximab than adalimumab, the need for
earlier intensification and thus higher drug exposure and the
greater need for immunosuppression, and the likely higher
incidence of cutaneous adverse events with infliximab compared
with adalimumab observed in other studies,?832 the choice of
anti-TNF agent cannot be considered completely equitable.
Therefore, parents and patients should be fully informed of the
disadvantages of intravenous infliximab versus adalimumab
during the decision-making process. Because the current predic-
tion models for identifying patients with a low probability of
maintaining remission on immunomodulators are not sufficiently
robust, itis important to emphasise that the initiation of biologic
therapy should not be delayed.
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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 ng/mL, we propose a 6-
thioguanine cutoff of 278 pmol/8 x 108 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

In adults, concomitant azathioprine administration during
infliximab therapy is associated with lower levels of anti-
bodies against infliximab (anti-IFX) and increased inflixi-
mab trough levels, resulting in better clinical outcomes than
with infliximab monotherapy [1]. However, after 6 months
of combination therapy, the additive effect of long-term
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We evaluated the association between infliximab and
6-thioguanine (6-TGN) levels in children with Crohn’s
disease on combination therapy (infliximab and azathio-
prine).

Patients with undetectable 6-TGN levels are more likely
to lose response to infliximab therapy (compared with
those with detectable 6-TGN levels).

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 108 red blood cells (RBCs). In combina-
tion therapy, 6-TGN levels > 125 pmol/8 x 10® 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.

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, 6-7GN 6-thioguanine nucleotide, AZA4 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 andMedication

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 [wWPCDAI]) [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, [FX 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

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 MeasurementofThiopurineMetabolites

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 DataAnalyses

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 /merTest. 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 10® RBCs and
230 pmol/8 x 10® 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 103
RBCs). 6-TGN levels above 430-450 pmol/8 x 108 RBCs
were considered toxic with respect to risk of leukopenia and
6-mMP levels above 5700 pmol/8 x 10 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 ggplot?2.

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 PrimaryOutcome: 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 108 (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)
Motol/Olomouc hospital
Female gender (%)
Median age (range), y
Median time with IBD (range), mo
Median time on AZA (range), mo
Median time on IFX (range), mo
Receiving mesalamine (%)
History of ileocecal resection (%)
Frequency of TPMT heterozygosity (%)
TPMT heterozygous
Median AZA dose (range), mg/kg/d
TPMT dominant homozygous
Median AZA dose (range), mg/kg/d
Median IFX dose (IQR), mg/kg
Median IFX administration interval (IQR), wk

Median IFX dose adjusted to administration interval
(IQR), mg/kg/8w

5(1-12)
51/12 243/78 51/12

19 (33.8) 87 (27.1) 19 (33.8)

15.6 (6.7-18.8) 15.6 (6.7-19.0) 16.6 (7.1-19.0)
28 (5-97) 34 (5-114) 39 (5-114)

25 (5-97) 32 (5-114) 38 (5-114)

14 (3-73) 21 (3-84) 26 (3-84)
6(9.7) 41(7.8) 5(7.9)

12 (19.3) 64 (19.9) 13 (20.6)
3(4.8) 16 (4.9) 3(4.8)

0.8 (0.5-1.2) 0.7 (0.5-1.2) 0.7 (0.5-1.1)
1.7 (0.4-2.6) 1.6 (0.4-2.6) 1.6 (0.4-2.5)
5.4(4.9-6.3) 5.4 (4.9-6.3) 5.6 (5.0-5.9)

8 (7-8) 8 (6-8) 8 (6-8)

5.6 (4.9-6.7) 5.9 (5.1-7.9) 6.1 (5.3-8.0)

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, /F.X infliximab, /QR interquartile range, TPMT thiopurine methyltransferase

cutoff of 125 pmol/8 x 108 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 ug/mL was 278 pmol/8 x 108 RBCs (cross-validated

ROC; N=1321; AUC 0.533; 95% CI 0.469-0.596; sensitiv-
ity 0.799, specificity 0.347) (Fig. 3a). For infliximab >3 g/
mL, ROC curves revealed a promising 6-TGN cutoff of
116 pmol/8 x 108 RBCs (cross-validated ROC; N = 321;
AUC0.535;95% C10.465-0.605; 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 108 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 deftectable
(N=139, HR 0.212; 95% C1 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 108 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% CI10.233-0.971;
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 pug/mL (@) and 3 pg/mL (b). IFX trough levels 5 pg/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 ng/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, /FX 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 0f 295 (26%) visits. In 17 out of
76 low 6-TGN observations (6% of total number), azathioprine
daily doses < 1 mg/kg were prescribed, resultingin 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 103 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 Cutoffand 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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Table2 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 10* RBCs

Non-LOR (N = 44) 166 (115-231)
LOR (N=7) 0(0-149)*
Median IFX trough levels on last visit (IQR), pg/mL 6.2(3.8-8.6)
Non-LOR (N = 44) 6.4(4.5-9.5)
LORN=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°)

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

In previous studies, trough levels of infliximab > 5 ug/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 ug/
mL, the best 6-TGN cutoff was 278 pmol/8 x 108 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
103 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% CI 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 wPCDALI 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

Overall visits (N = 321)

Last visit (N =63)

Median 6-TGN levels (IQR), pmol/8 x 103 RBCs
6-TGN levels above 125 pmol/8 x 108 RBCs (%)
6-TGN levels above 250 pmol/8 x 108 RBCs (%)

Median 6-mMP levels (IQR), pmol/8 x 108 RBCs

Median IFX serum levels (IQR), pg/mL

Median anti-IFX serum levels (IQR), AU/mL

Median wPCDAI (IQR)

Laboratory results
Median serum albumin level (IQR), g/L
Median serum CRP level (IQR), mg/L
Median hemoglobin level (IQR), g/L
Median WBC count (IQR), x 10%/L
Median platelet count (IQR), x 10'%/L
Median neutrophil count (IQR), x 10°/L
Median lymphocyte count (IQR), x 10°/L
Median ESR (IQR), mm/h
Median F-CPT level (IQR), g/kg

(N =63)

229 (138-296) 204 (124-284) 165 (85-224)
48 (76) 240 (75) 41 (65)

21 (33) 134 (42) 12 (19)

385 (159-814) 357 (139-761) 215 (0-465)
4.0 (2.1-6.8) 4.7 (2.4-8.0) 5.6 (2.8-8.5)
1.0 (0.9-1.1) 1.0 (0.9-1.1) 1 (0.8-1.1)
2.5(0-5) 0 (0-5) 0 (0-5)

44.8 (42.7-47.4) 44.8 (43.2-46.6) 45.0 (43.4-46.7)
0.7 (0.5-2.0) 0.7 (0.5-2-4) 0.7 (0.5-2.2)
135 (125-149) 137 (128-146) 137 (127-146)
6.2(53-7.2) 5.9(5.1-7.0) 5.9(5.1-6.9)
339 (279-370) 321 (272-363) 301 (263-349)
3.3 (2.6-4.4) 3.3(2.7-4.1) 3.3(2.7-4.0)
1.6 (1.4-2.1) 1.6 (1.4-2.0) 1.7 (1.4-2.0)
20 (9-34) 18 (9-34) 10 (4-15)

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, 6-7TGN 6-thioguaninenucleotide, anti-IFX anti-infliximab antibodies, CRP C-reactive protein, £ESR erythrocyte
sedimentation rate, F-CPT fecal calprotectin, /OR 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
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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 (WPCDALI, 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 InfliximabLevelsand 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 cutoff 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
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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 Limitationsand Strengthsofthe 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/

I\ 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 Thecodeisavailable fromthecorrespondingauthor
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; FI: 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, ef al. Withdrawal of immunosuppression
in Crohn’s disease treated with scheduled infliximab maintenance:
a randomized trial. Gastroenterol. 2008;134(7):1861-8.



Monitoring Thiopurines in Child Combination Therapy

193

10.

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

24,

26.

27.

28

29.

30.

32

33

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 WJ, 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, §Vegl 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 L, 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.

I\ Adis



194

K. Pospisilova etal.

3s.

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

Authorsand Affiliations

41.

4.

43

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

Pozler O, Chladek J, Maly J, Hroch M, Dé&dek 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, et 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! " TerezaLerchova®* KristynaZarubova®:
Ivana Copova! * Lucie Gonsorcikova! - Maria Velganova-Veghova3 * Irena Francova* * Lubor Urbanek? * Milos Geryk3 *
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.l@centrum.cz

A\ Adis

Milos Geryk
milos.geryk@gmail.com

Vladimir Mihal
vladimir.mihal@fnol.cz

Jiri Bronsky
jiri.bronsky@lfmotol.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


mailto:sirokajitka@gmail.com
mailto:a@gmail.com
mailto:e.karasko@seznam.cz
mailto:o@seznam.cz
mailto:ondrej.hradsky@lfmotol.cuni.cz
mailto:terezadrskova@gmail.com
mailto:a@gmail.com
mailto:zarubova.kristyna@gmail.com
mailto:tyna@gmail.com
mailto:icopova.ic@gmail.com
mailto:a.ic@gmail.com
mailto:Lucie.Gonsorcikova@fnmotol.cz
mailto:Lucie.Gonsorcikova@fnmotol.cz
mailto:mariavelganova@post.cz
mailto:Irena.Francova@vfn.cz
mailto:a@vfn.cz
mailto:urbanek.l@centrum.cz
mailto:milos.geryk@gmail.com
mailto:yk@gmail.com
mailto:vladimir.mihal@fnol.cz
mailto:.mihal@fnol.cz
mailto:jiri.bronsky@lfmotol.cuni.cz

Dig Dis Sci (2016) 61:2041-2050
DOI 10.1007/s10620-016-4103-8

@ CrossMark

ORIGINAL ARTICLE

Time to Relapse in Children with Crohn’s Disease Treated
with Azathioprine and Nutritional Therapy or Corticosteroids

Ondrej Hradsky!
Jiri Bronsky!

- Ivana Copova' - Kristyna Zarubova' - Jiri Nevoral' -

Received: 21 August 2015 / Accepted: 28 February 2016 / Published online: 12 March 2016

© Springer Science+Business Media New York 2016

Abstract

Background The duration of remission has been shown to
be longer in patients initially treated with exclusive enteral
nutrition (EEN) compared to corticosteroids (CS). How-
ever, no published studies required concurrent
immunomodulator [6-mercaptopurine or azathioprine
(AZA)] use at the time of diagnosis.

Aims The aims of this retrospective study were to com-
pare the duration of remission between patients initially
treated with AZA in combination with CS or EEN and
identify predictors of early relapse in these patients.
Methods Data from 65 newly diagnosed children with
CD in clinical remission on either EEN or CS and com-
mencing AZA at diagnosis were included. We compared
duration of remission using physician global assessment
and carried out Cox regression analysis to identify pre-
dictors of early relapse. Patients were followed up to the
time of first relapse or for at least 12 months.

Results There were no differences in the duration of
remission between patients initially treated with EEN or
CS (p = 0.978). We identified younger age at diagnosis
[hazard ratio (HR) 0.87, 95 CI1 0.78-0.98, p = 0.016],
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lower height Z score at diagnosis (HR 0.61, 95 CI 0.44—
0.85, p = 0.003), involvement of the upper gas-
trointestinal tract (HR 2.69, 95 CI 1.27-5.66, p = 0.009),
and elevated platelet count at remission (HR 1.004, 95 CI
1.001-1.008, p = 0.021) as independent predictors of early
relapse.

Conclusions Neither induction regime demonstrated
longer duration of remission of CD in patients treated with
immunomodulators since the time of diagnosis.

Keywords Exclusive enteral nutrition - Corticosteroids -
Crohn’s disease - Follow-up - Immunosuppressive therapy,
azathioprine

Introduction

Exclusive enteral nutrition (EEN) has been shown to be as
effective as systemic corticosteroid (CS) therapy at
inducing remission in children with Crohn’s disease (CD)
[1-5]. Previous studies have demonstrated short-term EEN
efficacy with better side effect profile [6] improved growth
velocity, weight gain, lean body mass, and bone health [6—
13]. On the basis of such evidence demonstrating efficacy
and other beneficial effects, EEN is considered a first-line
induction therapy in pediatric CD [14].

Long-term effects of EEN are not as well studied.
Recently, the work of Cameron et al. [15] suggested that
EEN may improve weight and BMI Z scores, but not height
Z scores in agreement with previously published data [16].
To date, only three published studies have compared the
long-term outcome of induction strategies of EEN and CS
in newly diagnosed children with CD [17-19]. In two of
these, longer duration of remission was observed in
patients initially treated with EEN [17, 19]. However,
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concomitant immunomodulator (IMM, 6-mercaptopurine
or AZA) was not mandated at the time of diagnosis in any
of these reports.

Predictive markers of long-term outcomes in children
are missing. Based on adult data, young age at diagnosis,
extensive disease, involvement of upper gastrointestinal
tract, perianal disease, smoking, and need for systemic CS
at diagnosis have been considered as predictors of unfa-
vorable outcome [20-22].

The primary aim of this study was to compare the
duration of remission between patients initially treated with
CS and EEN in combination with AZA. The secondary aim
was to find potential predictors of early relapse in these
patients.

Methods
Subjects

From hospital electronic medical records, registered
between 2008 and 2012, we identified 127 newly diagnosed
pediatric patients with CD. The inclusion criteria were age
under 18 years at diagnosis, remission achieved solely with
EEN or CS until 12 weeks, diagnosis of CD established
based on Porto criteria [23, 24], treatment with AZA started
within the first week of the diagnosis (usually at the day of
diagnosis), and obtained informed consent. The exclusion
criteria were active perianal disease, AZA intolerance, or
missing data. According to internal standards, patients with
active perianal disease should be treated with anti-TNF
treatment. Even if these patients were treated with EEN or
CS and not with anti-TNF therapy, we decided to exclude
five patients to keep homogeneity of the study group. Eli-
gibility of patients is described as a flowchart in Fig. 1. All
patients were followed at the University Hospital Motol up
to the time of first relapse or for at least 12 months (the
longest follow-up period without relapse was 40 months).
Patients were followed up every 3 months or more often and
at the time of change of their clinical status until the end of
the study or until transition to the adult care (usually at the
age of 19 years).

Treatment

During the study period, we gradually changed our protocols
for preference of induction therapy. Initially, we used CS as
a first-line therapy, followed by a short time period when
patients were allowed to choose between CS and EEN.
Finally, we advocated for EEN as the first-choice thera-
peutic option. Other standards remained constant: For all
patients included in the analysis, we initiated immunosup-
pressive therapy with AZA at the time of diagnosis. We
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usually started AZA at 1.5 mg/kg/day and after 1-2 weeks
increased the dose to 2 mg/kg/day. Patients treated with CS
received prednisolone 1-2 mg/kg/day (up to 40 mg/day,
exceptionally 60 mg/day) for approximately 2 months with
slow tapering. Patients treated by EEN received single or
combinations of any polymeric enteral formula available at
our department (‘‘Fresubin,”” Fresenius; °‘Nutridrink,”
Nutricia; “Ensure,” Abbott; “Modulen,” Nestl¢) according
to the patient’s own preferences for a period of 610 weeks.
Individuals who could not complete feeds orally were fed
via nasogastric tube. The goal intake for EEN corresponded
to approximately 120 % of the daily caloric needs of the
patient. The resting energy expenditure was calculated
according to Schofield equation [25]. At the end of the
period of exclusive formula, solid food was gradually rein-
troduced over 1-2 weeks as formula intake decreased,
according to the patient’s tolerance [26].

Remission and Relapse

Remission was evaluated by physician global assessment on
visit between 6 and 12 weeks after diagnosis. PCDAI has
been calculated retrospectively and had not been used at the
time of remission for remission evaluation. Patients who did
not enter the remission until 12 weeks needed other induction
strategy and thus were excluded. Relapse was defined as an
increase in disease activity with the need for additional re-
induction therapy (CS, EEN, anti-TNF therapy, or surgery).

Data Collection

We retrospectively collected clinical, anthropometric, and
laboratory data from the electronic database and clinical
records at the time of diagnosis, at the time of remission
(week 6-12), and at the time of relapse, or at the end of
observation when the patient was still in remission.
National references have been used for Z score calculations
[27]. Due to 80 % of missing values in CS group, we
decided to analyze fecal calprotectin as predictor only in
patients initially treated with EEN.

Statistical Analysis

All data analysis was performed using R statistical software
(version 3.1.1). Continuous variables were described as
median and interquartile range (IQR). Categorical variables
were described as absolute frequencies and percentages.
Welch’s two-sample ¢ test was used for comparing contin-
uous variables between the two groups. When testing our
hypothesis using categorical data, the likelihood ratio test
was used to evaluate odds ratios with 95 % confidence
intervals (95 % CI). Due to right censored data, we used
survival curves and Cox proportional hazards regression
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Patients registered between 2008-2012

(n=127)

Inclusion criteria not met (n=51)

- Remission was not achieved solely with EEN or CS until 12 weeks (n=49)*
- AZA was not started at the beginning (n=1)

- Did not wish to participate (n=1)

Met inclusion criteria

(n=76)

Met exclusion criteria (n=11)
- Active perianal disease at diagnosis (n=5)
- AZA intolerance (n=2)

- missing data (n=4)

Patients included in to the study (n=65)

Fig. 1 Flowchart of included and excluded patients. EEN exclusive
enteral nutrition, CS systemic corticosteroids, 4ZA azathioprine.
* These patients received monotherapy with anti-tumor necrosis
factor-alpha (anti-TNF) (28 patients) or S-aminosalicylates (5-ASA)

models (R package ‘A Package for Survival Analysis in S,”
R package version 2.37-7) [28]. For plot construction, we
used an R package ggplot2 [29]. p value less than 0.05 was
considered statistically significant. The selection of the
variables included into the regression models was based on
the Akaike’s information criterion (AIC).

Ethical Consideration

The study was approved by the Ethics Committee of the
authors’ institution, and informed consent was obtained
from patient’s parents.

Results

Differences Between Patients Treated Initially
with Exclusive Enteral Nutrition

and Corticosteroids Both at Diagnosis

and at Remission

Sixty-five patients fulfilled inclusion and exclusion criteria.
Baseline characteristics according to the Montreal

(4 patients), or were primarily treated surgically (7 patients).
Combined induction therapy with EEN and CS or switching between
the two regimens was given to 6 patients

classification [30] did not differ between groups (Table 1).
The clinical, laboratory, and anthropometric parameters of
all 65 included patients at diagnosis and remission are
described in Table 2. We found a higher erythrocyte sed-
imentation rate (ESR) at remission in patients initially
treated with EEN versus CS (20 vs. 10 mm/h, p \ 0.001).
We also found differences in treatment regimens between
the study groups: AZA was started at a higher dose in the
EEN study group (1.49 vs. 1.31 mg/kg/day, p = 0.008).
However, there were no differences in the doses of AZA
between groups at the time of remission, at the end of the
observation period, or at relapse. Patients initially treated
with EEN were less often treated with 5-ASA during the
observation period (7 vs. 38 %, p \ 0.001).

Duration of Remission

Using the Cox proportion hazard regression model, we
found no differences in the duration of remission between
patients initially treated with EEN or CS (p = 0.978,
Fig. 2). When we adjusted the association for all predictors
that may differ between the study groups (withp \ 0.1,
e.g., height Z score and dose of AZA at the time of
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Table 1 Characteristics of patients according to Montreal classification at the time of diagnosis

All EEN CS p value

Number 65 29 36
Median age at diagnosis, years* 14.1 (11.49-15.53) 13.91 (12.3-15.02) 14.85 (11.25-15.57) 0.809
Gender male 34 (0.52) 14 (0.48) 20 (0.56) 0.559
Disease location

L1 18 (0.28) 11(0.38) 7(0.19) 0.098

L2 11(0.17) 5(0.17) 6 (0.17) 0.951

L3 36 (0.55) 13 (0.45) 23 (0.64) 0.124
Upper GI (L4)** 36 (0.55) 13 (0.45) 23 (0.64) 0.124
Disease behavior

B1 45 (0.69) 19 (0.66) 26 (0.72) 0.561

B2 20(0.31) 10 (0.34) 10 (0.28) 0.561
Perianal disease™** 2 (0.03) 1 (0.03) 1 (0.03) 0.877
EIM 5(0.08) 1(0.03) 4(0.11) 0.23

All quantitative data are reported as medians (IQR), categorical data as numbers (percentage)

EEN exclusive enteral nutrition, CS systemic corticosteroids, G/ gastrointestinal, E/M extraintestinal manifestation

* Patients did not differ in frequency of age at diagnosis older than 16 years of age

** The UGI disease was based on macroscopic appearance of mucosal ulceration or bowel wall thickening on radiography

*** Perianal disease according to Montreal classification inactive at the time of diagnosis

diagnosis, ESR and platelets at the time of remission, and
5-ASA anytime during the study period), there was still no
difference in the duration of remission (data not shown).
Similarly, when we constructed the best fit regression
model from all available predictors, the resulting model did
not contain initial therapy. We did not find any association
between the initial treatment strategy and duration of
remission using the different models.

Prediction of Duration of Remission

As a secondary aim of the study, we attempted to identify
predictive factors for duration of remission in the study
group as a whole. According to the AIC, we constructed a
Cox proportion hazard regression model for the prediction
of duration of remission from all tested parameters at the
time of diagnosis and relapse (Table 4 in “‘Appendix”’).
Age at diagnosis and height Z scores both at diagnosis and
at time of remission were associated with time to remission
in the unadjusted Cox model. Younger age at diagnosis,
lower height Z score at diagnosis, involvement of the upper
gastrointestinal tract, and elevated levels of platelets in
blood count ([440 9 10°/1) at the time of remission were
found to be an independent predictor of early relapse
(Fig. 3a—c; Table 3). We did not find any difference
between EEN and CS when adjusted for negative predic-
tors of duration of remission [hazard ratio (HR) 1.12, 95 CI
0.53-2.34, p = 0.77]. We did not find fecal calprotectin
higher than 200 ug/g to be a predictor of early relapse in

13

subgroup analysis of patients treated initially with EEN
(» = 0.713).

Discussion

Primary Aim: Comparison of the Long-Term
Efficacy of Exclusive Enteral Nutrition
or Corticosteroid Therapy

Recently published European Crohn’s and Colitis Organi-
zation/European Society of Pediatric Gastroenterology,
Hepatology, and Nutrition (ECCO/ESPGHAN) guidelines
recommended EEN as first-line therapy to induce remis-
sion in children with active luminal CD [14]. Most of the
literature informing this recommendation has examined
short-term outcomes comparing between therapy with EEN
and CS; none has shown differences in the rate of
achieving remission [2, 31]. The long-term outcomes based
on early choice of EEN versus CS therapy are poorly
documented [15, 16], while the duration of remission
remains one of the most important parameters of long-term
outcome. Several recently published studies comparing
long-term outcomes of EEN and CS have assessed and
compared rates of remission between groups (Fig. 4 in
“Appendix’’) [15-19, 32-35].

Most studies comparing long-term outcomes between
EEN vs. CS did not mandate the use of AZA at diagnosis
[17, 19]. Meanwhile, our results were comparable to Riello
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Table 2 Laboratory and anthropometric markers and doses of azathioprine at the time of diagnosis and remission
All EEN CS p value
PCDAI Diagnosis 30 (2510 37.5) 35(27.5t037.5) 30 (21.88 t0 35.62) 0.267
Remission 10 (7.5 to 12.5) 10 (10 to 12.5) 10 (6.88 to 10.62) 0.580
CRP (mg/l) Diagnosis 19 (9.3 to 40.4) 19 (10.5 to 57) 17.85 (5.4 t0 36.35) 0.298
Remission 2.3(09106.1) 2.3(0.9t0 5.6) 2.65(0.38 t0 6.12) 0.338
ESR (mm/h) Diagnosis 32 (24t049) 33 (25 t052) 30.5 (22.75 t0 43.5) 0.603
Remission 15 (8to 21) 20 (15 to 30) 10 (5.75 to 15.5) \0.001
Platelets (910%/1)* Diagnosis 486 (408 to 597) 487 (442 to 628) 480.5 (406 to 587.25) 0.410
Remission 405 (313 to 476) 375 (291 to 450) 434 (351.25 t0 490.25) 0.086
Hemoglobin (g/dl) Diagnosis 11.5(10.7 to 12.3) 11.5(10.7 to 12.2) 11.55(10.7 to 12.33) 0.503
Remission 12.3 (11.6 to 13.1) 12.2 (11.6 to 12.8) 12.5 (11.52 to 13.43) 0.273
Albumin (g/1) Diagnosis 40.5 (38.2t0 43) 41.6 (39.1t043.2) 40.25 (38.1 t0 42.92) 0.933
Remission 44.9 (42.9 t0 46.4) 45 (43.8 t0 46.4) 44.2 (42.6 t0 46.3) 0.622
Height Z score SD** Diagnosis —0.79 (—1.64 to 0.04) —0.98 (—1.57 to 0.48) —0.47 (—1.81 to 0.31) 0.094
Remission —0.85 (—1.72 to 0.03) —0.97 (-1.72 to 0.4) —0.54 (—1.62 to 0.24) 0.142
Weight Z score SD Diagnosis —1.12 (—1.74 to 0.42) —1.12 (-1.8t0 0.2) —1.12 (—1.74 to 0.55) 0.725
Remission —0.5 (—1.22 t0 0.32) —0.69 (—1.22 to 0.09) —0.35 (=1.13 t0 0.33) 0.360
AZA mg/kg/day Diagnosis 1.42 (1.2 to 1.63) 1.49 (1.31t0 1.7) 1.31(1.04 to 1.6) 0.008***
Remission 1.7 (1.43 to 1.98) 1.92 (1.51 to 2.04) 1.62 (1.34 t0 1.77) 0.117

All quantitative data are reported as medians (IQR)

EEN exclusive enteral nutrition, CS systemic corticosteroids, PCDAI pediatric Crohn’s disease activity index, CRP C-reactive protein, ESR

erythrocyte sedimentation rate, AZA azathioprine

* Patients did not differ in frequency of platelets [440 at remission

** Patients did not differ in frequency of height Z score \—1.64 SD at diagnosis

*** Between years 2008 and 2009, AZA was started at lower doses; however, during first 2 months, the dose was rapidly increased

0.8 1.0
|

0.6
1

0.4
]

Proportion of patients without relaps
0.2

p=0.978

0.0

T T T T
0 10 20 30 40

Time (month)

Fig. 2 Relapse-free survival in patients treated with AZA and
simultaneously EEN versus CS. An estimate of the hazard ratio
(HR) was 1.01 with 95 % CI 0.527-1.93, p = 0.978. CS corticos-
teroids, EEN exclusive enteral nutrition. Number of patients at risk of
relapse in EEN, CS group: 10th month 25, 18; 20th month 16, 7; 30th
month 8, 5; 40th month 2, 0, respectively

et al. [34] in the setting of early AZA use in both groups. A
recent pediatric study comparing long-term outcomes of
CS vs. EEN induction therapy with ‘‘early’” use of thiop-
urines (\6 months from diagnosis) documented reduction
in linear growth failure, CS dependency, and better primary
sustained response to IFX, but similar combined CS-/IFX-
free remission and surgical resection rates [35].

Our study directly compared the effects of EEN and CS
on long-term remission in patients concomitantly treated
with AZA from the diagnosis. According to published
studies, long-term remission rates are comparable between
induction strategies in children receiving maintenance
therapy with IMM (Fig. 4 in the appendix, column 1),
except the RCT by Markowitz et al. [36], where 89 % of
patients treated with IMM and induced by CS were still in
remission at week 18. In studies without early IMM use,
the remission rates seemed to be higher when EEN was
used as induction treatment (Fig. 4 in ‘‘Appendix,”” column
2, 3) [15, 32, 33]. Contrary to CS, positive impact of EEN
on mucosal healing may potentially increase durability of
remission [6, 9]. This difference may only be apparent
without IMM treatment; even so, the effects of IMM seem
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Time (month)

b Fig. 3 Kaplan—Meier curves of relapse-free survival for independent
predictors. a Kaplan—Meier curves of relapse-free survival in
pediatric patients younger than or equal to 16 years of age versus
patients older than 16 years at the time of diagnosis (HR 6.29, 95 %
CI 1.51-26.1, p = 0.011). b Kaplan—Meier curves of relapse-free
survival in patients with height Z score B-1.64 SD at diagnosis (HR
3.12, 95 % CI 1.61-6.05, p = 0.001). ¢ Kaplan-Meier curves of
relapse-free survival in the presence or absence of either upper
gastrointestinal involvement (L4) and elevated platelet count (PLT) at
the time of remission (estimate of HR for simultaneous presence of
L4 and elevated PLT was 6.29, 95 % CI 1.51-26.1, p = 0.011). The
upper gastrointestinal involvement was based on macroscopic
appearance of mucosal ulceration or bowel wall thickening on
radiography

to be more pronounced than the effects of choice of
induction therapy, especially over longer time periods
(beyond month 18). While the new ECCO/ESPGHAN
guidelines [14] do not clearly indicate when treatment with
IMM should be initiated, the overall understanding is that it
is in the majority of pediatric patients with CD. The goal
for further studies will be the identification of low-risk
patients, who will not need IMM and who will benefit from
long-term effect of EEN induction therapy.

Secondary Aim: Predictive Factors of Early Relapse

Generally, the age at diagnosis (\40 years), corticosteroids
at diagnosis, upper gastrointestinal tract and ileocolonic
involvement, and perianal disease are considered to be
long-term predictive factors of unfavorable course in adult
patients [20-22, 37, 38]. We identified a lower height Z
score, involvement of the upper gastrointestinal tract, a
lower age at diagnosis, and an elevated platelet count at
remission as predictive factors for early relapse in patients
treated with AZA at diagnosis. These risk factors can be
applied only for prediction of time to relapse in pediatric
patients with CD who were treated with IMM at diagnosis.
However, predictors of long-term AZA efficacy in sus-
taining remission in the pediatric literature are scarce.
Riello et al. [34] did not find any predictors from baseline
data in patients treated by AZA since the time of diagnosis.
In the previously mentioned study by Levine et al. [18], the
authors found that normal C-reactive protein (CRP) and
steroid-free remission at week 12 were predictive factors
for remission at week 52. However, not all of the patients
were treated with AZA. We were unable to confirm the
observation that the CRP (whether as a quantitative or
categorical variable with a 0.5, 2, nor 5 mg/l cutoff) was
associated with the duration of remission.

Fecal calprotectin lower than 200 ug/g at week 4 has
been shown to predict longer duration of remission in
pediatric CD with EEN as induction therapy [39]. Due to
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g}?:\}\zsg(;zzrrriizszlfo}?aziiel Estimates of hazard ratio (95 CI) Pr([lz))

ratio of included predictors Age at diagnosis 0.871 (0.778-0.975) 0.016
Upper GI (L4)* 2.685 (1.273-5.663) 0.009
CRP at diagnosis 1.012 (0.999-1.026) 0.072
Platelets at diagnosis 0.997 (0.994-1.001) 0.103
Height Z score at diagnosis 0.609 (0.437-0.848) 0.003
Platelets at remission 1.004 (1.001-1.008) 0.021

L4 upper gastrointestinal (GI) involvement, CRP C-reactive protein

The model was constructed based on Akaike’s information criterion from all available predictors at the time

of diagnosis and remission

* The UGI disease was based on macroscopic appearance of mucosal ulceration or bowel wall thickening

on radiography

the large amount of missing values of fecal calprotectin in
CS group of patients, we tested only the patients initially
treated with EEN. We did not find fecal calprotectin at the
time of remission to be a predictor of time to relapse in that
subgroup. Similar to our study, Wine et al. [40] found an
association between growth retardation and severity of the
disease, and height Z scores were identified as predictor of
relapse in a recent study in pediatric patients treated with
infliximab [41]. Observations highlight the issue of whe-
ther early anti-TNF therapy or surgery could lead to better
results in high-risk patients (e.g., younger than 16 years of
age, height Z score lower than —1.5 SD, and presence of
upper gastrointestinal involvement). On the other hand,
recently published study comparing the induction therapy
with EEN to anti-TNF monotherapy in pediatric CD found
similar efficacy in decreasing mucosal inflammation [42].
To clarify this issue, a prospective randomized trial with
anti-TNF treatment (or surgery) in one arm and EEN with
early AZA in the other is needed.

Advantages and Limitations of the Study

There were several advantages and limitations in the pre-
sent study. One of the most important advantages was the
relative homogeneity of the study group. All patients were
treated in one center with little variations in the aspect of
patient care, and all patients were treated with AZA for the
duration of the study. However, we could not exclude a
potential slight effect of changing in care standards over
the study period. We do not believe that the differences in
proportion of patients treated with 5-ASA between groups
played a significant role; moreover, 5-ASA was not found
to be a predictive factor when tested in a logistic regression
model applied to all patients. Based on published data, we
did not anticipate that the type of EEN should influence the
induction of remission [1, 2, 43]. Surprisingly, the dosage
of AZA was lower than recommended in our internal

guidelines. However, due to the similar dose of AZA at the
time of remission in both groups (CS and EEN), we do not
believe that the time to relapse was influenced by dosage of
AZA although the thiopurine levels were not measured. On
the other hand, sub-optimal dosing of AZA was a limita-
tion, which did not allow to make a more firm conclusion.
However, the main disadvantage is the retrospective nature
of the study design and all the inherent difficulties asso-
ciated with this approach. One of these limitations was the
inability to evaluate the efficacy of the induction regimes
(the therapeutic approach being changed according to the
course of the disease), unavailability of endoscopic scores
at diagnosis, subjective judging of remission by physician
global assessment, and calculating PCDALI retrospectively.
The PCDAI nor physician global assessment did not cor-
relate with ESR nor CRP at the time of remission in our
patients, so not all of them were in the laboratory or even
endoscopic nor histologic remission. However, we
demonstrated that the PCDAI and CRP did not differ
between the EEN and CS groups, and moreover, PCDAI or
CRP at the time of remission has not been shown as a
significant predictor of early relapse in our study. Due to
the retrospective design of our study, a few patients were
excluded because of missing values. Because of the
unavailability of the median survival times of patients on
EEN or CS treatment (or the HR of the control treatment
relative to the experimental treatment) from previously
published studies, we were unable to calculate the study
power.

Conclusion
In conclusion, no benefit of EEN over CS was observed in
the durability of remission in the patients with newly

diagnosed CD concurrently treated with AZA. In this
population, younger age at diagnosis, lower height Z score
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at diagnosis, involvement of the upper gastrointestinal
tract, and elevated platelet count at remission were all
identified as independent predictors of early relapse.
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Appendix

See Table 4 and Fig. 4.

Table 4 Predictors of the time

to first relapse among all Estimates of hazard ratio (95 CI) p value
included subjects Age at diagnosis 0.876 (0.799-0.961) 0.005
Gender male 0.813 (0.430-1.539) 0.525
PCDALI at diagnosis 1.009 (0.976-1.043) 0.592
CRP at diagnosis 1.003 (0.993-1.013) 0.557
ESR at diagnosis 0.988 (0.973-1.004) 0.136
Hemoglobin at diagnosis 0.888 (0.721-1.095) 0.266
Platelet at diagnosis 1.002 (0.999-1.004) 0.146
Albumin at diagnosis 1.000 (0.930-1.076) 0.995
Height Z score at diagnosis 0.725 (0.540-0.972) 0.031
BMI at diagnosis 0.832 (0.624-1.110) 0.211
AZA at diagnosis 1.234 (0.513-2.971) 0.639
PCDALI at remission 1.038 (0.956-1.126) 0.377
CRP at remission 1.030 (0.996-1.065) 0.087
ESR at remission 1.013 (0.984-1.044) 0.384
Hemoglobin at remission 0.789 (0.621-1.002) 0.052
Platelet at remission 1.003 (1.000-1.006) 0.049
Albumin at remission 0.937 (0.849-1.035) 0.202
Height Z score at remission 0.734 (0.550-0.980) 0.036
BMI at remission 0.761 (0.556-1.042) 0.089
AZA at remission 2.477 (1.061-5.786) 0.036
5-ASA any time 0.956 (0.494-1.852) 0.895
Localization of disease
L1 0.504 (0.222—-1.145) 0.102
L2 0.812 (0.339-1.945) 0.640
L3 1.902 (0.972-3.722) 0.061
Upper GI (L4)** 1.951 (0.997-3.819) 0.051
Behavior of disease
B1 0.795 (0.400—-1.580) 0.513
B2 1.258 (0.633-2.500) 0.513
Perianal disease 0.573 (0.078-4.195) 0.583

The displayed hazard ratios were calculated for univariate models

PCDAI Pediatric Crohn’s disease activity index, CRP C-reactive protein, ESR erythrocyte sedimentation
rate, BMI body mass index, AZA azathioprine, 5-4SA S-aminosalicylates, localization of disease: L1 ileal,
L2 colonic, L3 ileocolonic, L4 upper gastrointestinal (GI) involvement, behavior of disease: B1 luminal, B2
stricturing

* Between years 2008 and 2009, AZA was started in lower dose; however, during first 2 months, the dose
was rapidly increased

** The UGI disease was based on macroscopic appearance of mucosal ulceration or bowel wall thickening
on radiography
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Fig. 4 Remission rate at month 12, month 18, month 24, and month
36 from published studies. The first row of plots shows the remission
rate in patients initially treated with systemic corticosteroids (CS), the
second those treated with exclusive enteral nutrition (EEN), and the
third patients who underwent various induction therapeutic modalities
(various). The first column shows patients treated with immunomod-
ulators (IMM) such as 6-mercaptopurine or azathioprine, the second
patients partly treated with IMM, and the third column without IMM.
The widths of boxes represent the number of included patients. Each
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Abstract

Background: In adults, infliximab (IFX) levels correlate with
disease activity, and antibodies to IFX (ATIs) predict treat-
ment failure. We aimed to determine the association of IFX
levels and ATls with disease activity in a paediatric popula-
tion. We prospectively collected blood, stool, and clinical
data from 65 patients (age 10.5-15.1 years) with Crohn’s dis-
ease (CD) before IFX administration, and measured IFX
trough levels, ATls, and faecal calprotectin levels (CPT).
Samples were collected during maintenance therapy. We
used multivariate analysis to identify the predictors of IFX
levels. Summary: Lower levels of IFX were associated with
ATls positivity (OR 0.027, 95% CI10.009-0.077). Higher C-re-
active protein (CRP) level, erythrocyte sedimentation rate,
and CPT levels were foundin patients with lower IFX levels.
The optimal combination of sensitivity (0.5) and specificity
(0.74)fordisease activity was calculated for IFX levels 21.1
pg/mLusing CRPlevel<5mg/Lasamarkeroflaboratoryre-

mission.Inamodelthatused CPT<100pug/gasthedefinition
ofremission, the optimal IFXtroughlevelwas 3.5 ug/mL.No
independent association between remissionand ATIs was
found in our study population. However, we found an inde-
pendentz association between IFX levels and serum albumin
levels (OR 1.364, 95% Cl 1.169-1.593), p < 0.001. Key Mes-
sages: The paediatric population was similar to adult popu-
lations in terms of the association between IFX and ATls as
well as between IFX and disease activity.

© 2017 S. Karger AG, Basel

Introduction

The incidence of Crohn’s disease (CD) in children is
increasing [1], and the course of the disease is more
complicated in children than in adults [2]. Thus, in pae-
diatric populations, it is important to treat CD with
maximum efficacy. Treatment failure may lead to
growth retardation and compromised quality of life for
a prolonged period. Clinically, deep remission, charac-
terised by mucosal healing, is the ultimate treatment
goal.
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Biologic treatment with anti-tumour necrosis factor
(TNF) is widely used in the most complicated cases.
Globally, biologic treatment has most commonly in-
volved the use of infliximab (IFX), the first TNF agent
approved for use in a paediatric population. The efficacy
and safety of IFX have been demonstrated in induction
and maintenance therapy. However, anti-TNF treatment
is expensive; in addition, treatment failure and loss of re-
sponse have been observed in a significant proportion of
the patients over time [3]. Therefore, studies on avoiding
failure and rapidly optimizing the treatment are current-
ly underway; a potential method to achieve these may be
the measurement of the IFX levels and antibodies to IFX
(ATIs). In paediatric populations, the role of these mea-
surements in optimizing IFX dosage with respect to clin-
ical outcomes remains unclear because the predictors in-
fluencing IFX levels have not been identified, and insuf-
ficient data exists to establish precise guidelines for
therapeutic drug monitoring in paediatric CD. In adult
populations, ATTs, which has an incidence between 9%
and 63.5%, seem to cause a threefold increase in the risk
ofloss of response. Several IFX cut-off levels for predict-
ing remission have been reported. Higher levels are asso-
ciated with remission defined by low C-reactive protein
(CRP) levels [4] and fistula healing [5]. According to a
recent study, lower IFX levels and higher faecal calprotec-
tin (CPT) can be used to predict relapse in adult popula-
tions [6]. Another question is whether the application in-
terval should be shottened or the dose elevated to achieve
higher IFX levels as reported in the study by Hofmekler
et al. [7]; however, this or the effect of the concomitant
therapy was not the main objective of our study [8].

Primary and Secondary Aims of the Study

The primary aim of this study was to determine wheth-
erthelevelsof IFX and ATIsareassociated withlaboratory
remission (defined as CRPlevel <5mg/L). The secondary
outcomes were defined as erythrocyte sedimentation rate
(ESR) <20mm/hand CPT <100 pg/gduringIFX mainte-
nance treatment. We also sought to identify the predictive
factors of FX levels using a multivariate mixed model be-
cause the identification of the most influential factors can
aid the treatment procedure [9, 10]. The study was per-
formed according to the STROBE methodology [11].

Materials and Methods

Recruitment of Patients
This was a prospective observational study conducted during
maintenance IFX therapy. From 2012 to 2014, we collected blood

2 Dig Dis
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samples, stool samples, and clinical data from the study population
comprising CD patients (n = 65) treated with IFX. Samples were
collected repeatedly from every patient in the morning before each
IFX infusion (infusion interval was 4 [q4] to 8 [q8] weeks) at the
centre for biological treatment of our paediatric department.
Inclusion criteria were age <18 years at the time of enrolment; di-
agnosis of CD based on the Porto criteria and the revised Porto
criteria [12, 13]; current IFX maintenance treatment, including in-
tensified therapy, at the time of enrolment (shortened interval,
increased dose); and willingness of both the patients and the pat-
ents for participation in the study. Patients on IFX induction ther-
apy or adalimumab therapy wereexcluded.

Study Objectives

As described previously, laboratory remission, defined as CRP
level <5 mg/L, was chosen as the primary outcome [14]. We also
assessed the predictive role of the IFX and ATIs levels when remis-
sionwas definedas ESR <20mm/hand CPT <100 pug/g. As poten-
tial covariates, we also considered other factors, including body
weight (BW), serum haemoglobin level, albumin level, platelet
count, paediatric CD activity index (PCDAI), extraintestinal man-
ifestations, and adverse events.

Laboratory Analysis

We collected a total of 539 blood samples for determining the
IFX trough levels and ATTs. Samples were collected in the morning
before IFX infusion, centrifuged immediately after collection, and
stored at —20° C in aliquots until analysis.

Trough levels of IFX and ATIs were measured using an en-
zyme-linked immunosorbent assay (ELISA) sandwich assay (Q-
ATI, Q-Infixi, Matriks Biotek, Gazi Universitesi Golbast
Yerleskesi Tekonoplaza Binast B Blok Zemin Kat BZ17 06830,
Ankara, Turkey). The lower limit of detection for both IFX and
ATIs levels was 30 ng/mL according to the ELISA kit. ATIs were
detected using the bound IFX, and a specific enzyme-linked anti-
body was then added to produce a colour reaction. In order to
measure the trough levels of the drug (the lowest level of drug dur-
ing the application period), we collected samples before each IFX
infusion as recommended in the instructions of the ATIs/IFX kit.
IFX levels were detected using IFX reactant coated on the wells of
the assay plate, and captured IFX was then linked to the specific
antibody with bound enzyme. Further colour reaction was mea-
sured using spectrophotometry at 450 nm.

Stool samples were collected from each patient (if supplied by
the patient) before each visit for the determination of CPT and
stored at —20 ° C until analysis. Samples were subsequently mea-
sured using the Bihlmann bedside test according to the lateral flow
method (Bihlmann, Postfach 110325, 28083 Bremen, Germany).

Statistical Analyses and Ethical Approval

All data analyses were performed using R statistical software
(250 Northern Ave, Boston, MA 02210, version 3.2.3 version
3.2.3) [15]. Continuous variables are presented as medians and
interquartile range. Categorical variables are presented as abso-
lute frequencies and percentages. For testing our hypothesis us-
ing categorical data, the likelihood ratio test was used to evaluate
the ORs with 95% CI. To test the differences in the distribution
among quartiles of IFX trough levels, we used the Kruskal-Wallis
rank sum test. We used receiver operating characteristic (ROC)
curves to define the optimal cut-off values for the inflammatory
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Table 1. Basic patients’ characteristics

Number of patients 65

Gender, male, n (%) 37 (57)

Age at diagnosis, years, median (IQR) 12.6 (10.5-15.1)
Localization, 1 (%)

L1 10 (15)

12 16 (25)

L3 38 (58)
Upper GI involvement 28 (43)
Behavior, 11 (%)

B1 35 (54)

B2 22 (0.34)

B3 7 (11)
Perianal disease, 1 (%) 13 (20)

IFX before study, months, median IQR) 16 (6-30)
Months from daignosis to

first IFX, median IQR) 9.4 (2.7-22.7)
Age at first IFX, years, median (IQR) 14 (11.4-16.4)
Switch needed, nn (%) 35
IC resection needed,n (%) 8 (12)
Number of applications per patient,

median IQR) 9 (5-13)

markers (R package “pROC” [16]). Given the repeated measure-
ments, we calculated the area under the curve using cross-vali-
dated area under the ROC curve estimates for pooled repeated
measures data (R package “cvAUC” [17]). Furthermore, a linear
mixed model (R packages “Ime4” [18] and “ImerTest” [19]) was
used to determine the relationships between remission (defined
by inflammatory markers) and predictors (categorical variable of
IFX trough level based on ROC, ATIs as a numerical variable,
serum albumin level, gender, age, dose of IFX, and dose of aza-
thioprine, AZA). The predictors were selected based on clinical
relevancy. p values <0.05 were considered statistically significant.
For all the tests, 2-sided p values have been reported. The CPT
data of several patients was missing; therefore, we used multiple
imputation with sensitivity analysis (R packages “mice” [20] and
“SensMice” [21]) and reporting results as complete cases, mul-
tiple imputation and sensitivity analysis with assumed deviation
among missing values of 200 pg/g. All other variables were treat-
ed as complete cases. This study was approved by the Ethical
Committee of our university hospital. All patients and/or their
parents signed informed consent forms.

Results

Basic characteristics of the study participants are pre-
sented in Table 1, and the data related to IFX application
are presented in Table 2.

Relationship between ATIs and IFX Trough Levels

Figure 1 shows the relationship between IFX trough
levels and ATIs in all the samples. The relationship be-
tween IFX trough levels and ATTs, using detection limits
of the respective assay, is described in the table embedded

Evaluation of IFX Therapy in Children

in Figure 1. A statistically significant association was ob-
served between positive (>30 ng/mL) ATIslevels and un-
detectable (<30ng/mL) IFX troughlevels (OR0.027,95%
CI 0.009-0.077).

Relationship between IFX Trough Levels and

Laboratory Markers: Quartile Analysis

Quartile analysis of IFX trough levels showed that
CRP, ESR, and CPT were elevated in lower quartiles of
IFX levels (Fig. 2).

Defining the Optimal Cut-Off Values for

Inflammatory Markers Using ROC/AUC

We used ROC curves of CRP, ESR, and CPT to detet-
mine the optimal cut-off values for IFX levels (Fig. 3). By
using CRP level <5 mg/I as a matker of laboratory remis-
sion, the best combination of sensitivity (0.5) and specific-
ity (0.74) was calculated for IFX level of 1.1 ug/mlL. For
other markers (ESR and CPT), both the sensitivity and
specificity were lower. We were unable to collect stool
samples from all patients for the determination of CPT.
However, CPT is an important marker; therefore, we used
the multiple imputation method with sensitivity analysis.
This method was used although the lack of CPT values
can be considered an accidental phenomenon. ROC
curves were constructed for CRP at the optimal cut-off
values for IFX trough levels under conditions of positive
(>30ng/mL)versusnegative (<30 ng/mL) ATIslevels. At
ATIs positivity, ROC for CRP showed a sensitivity of 0.25
and a specificity of 1 at an IFX level of 0.2 ug/mlL. When
we considered ATIs positivity as any detectable value
above 0, ROC for CRP showed a sensitivity of 0.5 and a
specificity of 0.86 at an IFX level of 1.97 pg/mlL.

We used the same method to determine the optimal
cut-off values for ATIs. However, AUC for CRP (0.48,
95% C10.29—-0.66) and ESR (0.46, 95% CI1 0.29—0.64) was
<0.5; therefore, it was not possible to determine the opti-
mal cut-off values for ATIs. AUC for CPT was 0.53 (95%
CI0.33—-0.73), and the optimal cut-off level for ATIs was
2.09 (specificity 0.86, sensitivity 0.19) when CPT was used
as a marker of remission.

Associations and Predictors

Remission Defined by CRP

Table 3a shows that when cut-off values of IFX trough
levels from the ROC curve for CRP in a multiple regres-
sion mixed model were used, a significant independent
association was observed between the IFX trough levels
(above the cut-off of 1.1 pg/mL) and remission, defined
as CRP level <5 mg/L. Although CRP is a non-specific
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Table 2. Basic characteristics of all IFX administrations/at first IFX administration

Characteristics All IFX First IFX
administrations administration

Number of applications 539 65

PCDALI, median (IQR) 10 (5-15) 10 (5-15.6)

Erythrocyte sedimentation rate, mm/h, median (IQR) 15 (7-25) 15 (8-22)

C-reactive protein, mg/L, median (IQR) 1.1 (0.5-3.7) 1 (0.5-5)

Serum haemoglobin, g/dL, median (IQR)
F-calprotectin, pg/g, median (IQR)
Platelets, 10°/1, median (IQR)

Serum albumin, g/L, median (IQR)

IFX levels, pg/g, median IQR)

ATI levels, ng/g, median (IQR)

IFX dose, mg per kg of body weight per 8 weeks,

mg, median (IQR)
AZA, 1 (%)
ASA, n (%)
Weeks between doses, median IQR)
Intensification by dose, 1 (%)
Intensification by interval, 11 (%)
Age at determination, years, median IQR)

13.4 (12.7-14.1)
754 (157-1,800)
291 (253-343)
43.9 (42.2-45.6)
2.1 (0.8-3.9)
0 (0-0)

6.5 (5.2-8.3)
408 (76)
26 (5)
8 (6-8)
28 (5)
19 (4)
153 (13.4-17.2)

13.4 (12.6-14)
580 (235.8-1,800)
293.5 (248.8-348.5)
43.9 (42-45.9)
1.4 (0.5-3.8)
0 (0-0)

5.7 (5-6.8)
51 (0.78)
5(0.1)

15.2 (12.7-17.1)

o
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o
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254 @
ATI - 23 494
o
TE’ ATI + 14 8
£ 20q ©
s}
3
o
>
@
Ny
=)
>
o
x
o o]
L -
T T T T 1
0 10 20 30 40
Antibodies to infliximab, ng/mL

Fig. 1. The relationship between IFX levels and ATTs. IFX, inflix-
imab. Theembedded table shows thenumberof measurements with
positive (kitdetectionlimit: 30 ng/mL) and undetectable IFX levels
and antibodies (above or below the detection limit of 30 ng/mL).

marker, it can be used to evaluate remission in combina-
tionwith IFXlevel <1.1 pg/mL. Using the same model, no
association was found between remission and ATIs (as
either a continuous or a dichotomous/categorical vati-
able). However, we found an independent association of

4 Dig Dis
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remission with serum albumin levels (OR 1.364, 95% CI
1.169-1.593; p <0.001), and a borderline association with
the AZA dose (OR0.434,95% C10.190-0.992;p = 0.048).

Remission Defined by ESR

In a similar model, IFX trough level of 2.1 ug/ml. was
independently associated with remission defined by ESR
<20mm/h. Other associated predictors were serum albu-
min level, male gender and age at the time of sample col-
lection; however, neither ATIs nor the AZA dose was

found to be a predictor (Table 3b).

Remission Defined by CPT

In a model using CPT <100 pg/g as the definition of
remission, IFX trough level of 3.5 ug/mL was indepen-
dently associated with remission using only the available
CPT values (complete case analysis 1 = 315; Table 3c).
Using a multiple imputation method, we also found CPT
to be an independent predictor of IFX levels (p = 0.046).
However, we were unable to confirm this association in a
sensitivity analysis with expected CPTlevels +/-200 pg/g
(p = 0.047 and p = 0.077, respectively).

As the correlation between IFX clearance and BW is
not linear and weight-based dosing of IFX does not en-
tirely correct for higher clearance in patients with a high-
er BW, we also performed analysis by adding BW as a
covariate to the existing model. Adding BW caused no
significant change in the results (data not shown).
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Fig. 2. Quartile analysis of the median levels of inflammatory
markers divided according to 4 quartiles of IFX levels (Q1-Q4).
p values derived from the Kruskal-Wallis rank sum test analysis for
C-reactive protein, erythrocyte sedimentation rate and faecal cal-

protectin were p <0.001,0.0016 and 0.0013, respectively. IFX con-
centration (ug/mL) quartiles were as follows: Q1 <0.8;0.8 2Q2 <2;
22Q3 <3.8;and Q4 23.8.

0.8

0.6

Fig. 3. ROC curves forinflammatory mark-
ers for optimal cut-off values of IFX trough
levels CRP, C-reactive protein, ESR, eryth-
rocyte sedimentation rate, CPT, and faecal
calprotectin. Area under curve (AUC) for
CRP was 0.58 (95% CI 0.46—0.71); optimal
cut-off level for IFX with specificity and
sensitivity are shown. AUC for ESR was
0.61 (95% CI 0.51-0.71); optimal cut-off
level for IFX was 2 pg/mL (specificity 0.65 0
and sensitivity 0.58). AUC for CPT was
0.67 (95% CI 0.55-0.80); optimal cut-off
level for IFX level was 3.5 pg/mL (specific-

Sensitivity

0.4

0.2

— CRP O5 mg/L
__ . CRPO100 pg/g
ESR 020 mm/h

1.0

0.8 0.6 0.4

Specificity

0.2 0

ity 0.75, and sensitivity 0.54).

Sensitivity analysis performed after excluding the pa-
tients on g4 dosing did not significantly change the asso-
ciation between IFX levels and the outcomes (CRP, ESR
and CPT-complete case).

Discussion

The recent European Crohn’s and Colitis Organisa-
tion/The European Society for Paediatric Gastroenterol-
ogy Hepatology and Nutrition guidelines on medical

Evaluation of IFX Therapy in Children

management of CD in children state that the evaluation
of the induction treatment is recommended after the
third IFX dose; however, the evaluation should not be
conducted using the IFX levels or ATTs. During the main-
tenance treatment, it is possible to reduce the IFX dose if
remission is achieved and the IFX level is >8-10 pg/mlL.
Measurementof the IFX levelsand ATIsis recommended
in cases of insufficient response; however, no specific cut-
off values are provided [2].

In adult patients, some studies have reported an as-
sociation between disease remission and higher IFX lev-
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Table 3

a Remission defined by C-reactive protein <5 mg/L

OR 95% CI p value
IFX level >1.1 pg/mL 3.096 1.394-6.874 0.005
ATI levels, pg/mL 0.998 0.992-1.004 0.402
Serum albumin, g/L. 1.364 1.169-1.593 <0.001
Gender, male 1.237 0.365-4.194 0.733
Duration of IFX therapy, weeks 1.003 0.996-1.011 0.444
Age at IFX application, years 0.843 0.674-1.054 0.136
IFX dose, mg per kg of body weight per 8 weeks 0.909 0.804-1.029 0.129
AZA dose, mg per kg of body weight 0.434 0.19-0.992 0.048

b Remission defined by erythrocyte sedimentation rate <20 mm/h

OR 95% CI p value
IFX level >2 pg/mL 2.872 1.273-6.477 0.011
ATI levels, pg/mL 1.000 0.994-1.005 0.873
Serum albumin, g/L 1.560 1.3-1.872 <0.001
Gender, male 13.615 2.279-81.342 0.004
Duration of IFX therapy, weeks 0.996 0.987-1.006 0.495
Age at IFX application, years 1.403 1.016-1.939 0.040
IFX dose, mg per kg of body weight per 8 weeks 0.887 0.761-1.033 0.123
AZA dose, mg per kg of body weight 1.113 0.423-2.924 0.829

¢ Remission defined by f-calprotectin (complete case) <100 pg/g

OR 95% CI p value
IFX level >3.5 pg/mL 3.332 1.324-8.387 0.011
ATI levels, pg/mL 0.956 0.872-1.048 0.339
Serum albumin, g/L 1.138 0.933-1.387 0.200
Gender, male 1.330 0.313-5.648 0.699
Duration of IFX therapy, weeks 1.002 0.992-1.012 0.733
Age at IFX application, years 1.139 0.864-1.501 0.356
IFX dose, mg per kg of body weight per 8 weeks 0.878 0.716-1.077 0.211
AZA dose, mg per kg of body weight 0.693 0.278-1.726 0.431

els. On the basis of their systematic review, Moore et al.
[22] have stated that adult patients in remission during
IFX maintenance therapy have higher mean trough IFX
levels than those who are not in remission. A threshold
of 2 pg/mL has been reported although the predictive
value of IFX levels with respect to treatment failure has
not been mentioned [23]. Another study in adults has
revealed more frequent adverse reactions in patients
with positive ATIs. In this study, no association was
found between 1FX levels and treatment outcomes [24].
In sum, it seems that higher IFX levels in adults are as-
sociated with better treatment outcomes. Based on a re-
cent study in adults, the use of an algorithm including

6 Dig Dis
DOI: 10.1159/000477962

IFX levels and ATIs has higher economic feasibility than
simply intensifying the dose after treatment failure. The
lower limit of the therapeutic range for IFX levels in this
study was 0.5 pg/mL [3]. Marits et al. [26] showed sig-
nificantly higher IFX levels in patients in remission than
in those experiencing disease flare and reported that pa-
tients with an IFX level >4.1 pg/mL would be in remis-
sion with 87% sensitivity and 44% specificity. Moreover,
regular measurement of IFX levels followed by faster
dose escalation can increase the probability of continued
IFX treatment [25]. In a review, Vande Casteele et al.
reported a cut-off value of 3 pg/mL for remission in
adult patients [26, 27]. The same author performed an-
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other study in 483 adult patients in which the cut-off was
calculated as 2.7 pg/mL using CRP level <5 mg/L as a
marker of remission. In a prospective randomised con-
trolled trial, target doses of 3—7 pg/mL were recom-
mended; however, after dose optimization, continued
concentration-based dosing was not superior to clini-
cally based dosing [28].

Fewer studies have been performed among paediatric
populations. High IFX levels in a study by Hamalainen et
al. [29] were negatively associated with disease activity,
and all patients with undetectable IFX levels presented
ATIs [30]. Singh et al. [31] found that IFX levels at week
14 after treatment initiation, together with CRP levels,
can predict remission at week 54. Cornillie et al. [32] have
reported similar results. It also appears that, in both, chil-
dren and adults, positive ATIs contribute to lower IFX
levels. Higher ATTs are possibly associated with a higher
risk of surgery in paediatric patients. Itis clear from these
studies on adult and paediatric populations that optimal
IFX trough levels may vary widely, probably depending
on the study population and the method used for the de-
termination of IFX levels and ATIs. In our study, IFX
trough level of 21.1 pg/mlL, as determined using ELISA,
was associated with remission (defined as CRP level
<5 mg/L) with acceptable sensitivity and specificity. Our
findings are in agreement with those of a study on an
adult population where the IFX levels were associated
with inflammatory markers [27]. Recently, it has been
discussed whether measurement of mid-interval IFX lev-
els rather than trough levels would enable optimal results
[33]. The determination of the optimal cut-off value for
IFX levels is complicated and should always be related to
a clinically relevant outcome. Different cut-offs are rec-
ommended by various kit manufacturers, depending on
the disease type [34, 35, 36]. The kit used in the present
study stated a therapeutic range starting at 1 pg/mlL,
which correlates with our results. However, values and
detection ability may vary among commercially available
kits as reported by Vande Casteele et al. [27]. Therefore,
our data may not be generalized and applicable to situa-
tions where other methods are selected for determining
IFX levels [20].

CPT and ESR can also be used for defining laboratory
remission in CD patients. With respect to patients treated
with IFX, however, it seems thatlow CRP level is the most
suitable marker for evaluating IFX trough levels. We also
found an association between serum albumin and trough
IFX levels; this was also reported by Frymoyer et al. [37].
This observation may have implications for clinical prac-
tice, potentially implying that a normal serum albumin

Evaluation of IFX Therapy in Children

level should be attained before considering further thera-
peutic steps based on low trough IFX levels.

According to our assessments, we found that many
samples with high ATIs had undetectable IFX levels;
however, in many other samples, it was possible to detect
IFXlevels in the presence of ATTs. In our study, there was
pronounced heterogeneity in the patients in terms of
treatment length, concomitant AZA therapy, and inten-
sification of therapy. All these factors were considered
and tested during statistical analyses. Both, the IFX and
ATIs kits used in the study are based on the sandwich
immunoassay principle and are reportedly precise with a
given recovery rate of 98% for IFX and 97% for ATIs in
serum of known concentrations [35, 36, 38]. Data from
Vande Casteele’s study showed that higher ATIs are as-
sociated with higher disease activity despite adequate
IFX trough levels [19]. We also evaluated the relationship
between ATIs and disease activity. ATIs measurement
did not appear to provide any additional benefit in pre-
dicting disease activity; however, it may contribute
important information when assuming low trough IFX
levels.

Based on recently published data, it appears that
PCDALI is a weak predictor of clinical outcome and endo-
scopic and histological lesions [39, 40], and none of the
PCDALI versions can perform a valid assessment of mu-
cosal healing [41]; therefore, we used PCDAI only as a
covariate, not as a primary outcome.

The strength of our study is that, to our knowledge,
our sample size is the highest among all studies con-
ducted on this subject. We systematically observed pa-
tients longitudinally and collected data over an extended
period of time. We confirmed, in a paediatric popula-
tion, the previously published conclusions for adult pa-
tients, such as the association between high ATIs and
lower trough IFX levels as well as that between higher
trough IFX levels and lower levels of the markers of dis-
ease activity. We also demonstrated the suitability of the
combined use of CRP levels and trough IFX levels
>1.1 pg/mL as a marker of remission. However, our
study also had certain limitations such as the lack of suf-
ficient CPT samples due to low patient compliance. We
also did not assess the relationship between IFX trough
level and AZA dose, which has been reported to affect
the development of ATIs. Another limitation of our
study is that the ELISA method that we used is not the
most precise method for ATIs measurement, although
it is the most commonly used method. ATIs measure-
ment can also be performed using fluid-phase radioim-
munoassay and homogeneous mobility shift assay
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(HMSA), which are reportedly more precise. However,
a gold standard measurement method and correspond-

ing optimal cut-off levels for each method have not yet
been established [4].

Conclusion

Based on our results, we conclude that the paediatric
population is similar to the adult populationin terms of the
association between IFX levels and ATIs, as well as between
IFX levels and disease activity. The optimal combination
of sensitivity and specificity for disease activity using CRP

<5 mg/L was calculated for IFX levels 1.1 pg/mlL. More-
over, serum albumin levels, and possibly concomitant
AZA treatment, should be considered when interpreting
IFX levels. No association was found between remission

and AT1Is.
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Endoscopic Recurrence 6 Months After lleocecal
Resection in Children With Crohn Disease Treated
With Azathioprine
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YBlanka Rouskova, YLucie Pos, YRichard Skaba, and "Jiri Bronsky

ABSTRACT

Objectives: Intestinal surgery is an important part of Crohn disease (CD)
treatment in children. The aim of the present study was to compare the rate of
endoscopic recurrence at the sixth month after ileocecal resection (ICR) in
children with CD treated with azathioprine between patients who received
prior antitumor necrosis factor alpha (anti-TNF-a) therapy and those who
were not administered this therapy. Moreover, we tried to identify the
potential risk factors for disease recurrence and describe the schedule of
long-term follow-up after surgery.

Methods: We prospectively collected data from pediatric patients with CD, who
underwent ICR between October 2011 and June 2015 at our hospital and were
treated with azathioprine monotherapy after ICR. We evaluated the endoscopic
recurrence (Rutgeerts score) at the sixth month after ICR in all included patients.
Results: Among 21 included patients, 13 achieved endoscopic remission
(Rutgeerts score < i2) at the sixth month after ICR. No difference was found
between patients who received prior anti-TNF-a therapy and those who did
not. We did not find any clinically relevant factors associated with
endoscopic recurrence rate at the sixth month.

Conclusions: Prior anti-TNF-a therapy does not seem to be a strong risk
factor for endoscopic recurrence within 6 months after ICR. Further studies
on large sample of patients are needed to identify potential predictors of
disease recurrence.

Key Words: azathioprine, Crohn disease, endoscopy, ileocecal resection,
pediatric, recurrence
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What Is Known

= Up to 70% of the adult patients need intestinal
surgery during the first 10 years after diagnosis.

= One-third of adult patients have clinical recurrence
during the first year after intestinal resection,
although more than 80% have endoscopic recur-
rence.

What Is New

= Endoscopic evaluation at 6 months after ileocecal
resection is a reliable tool for the assessment of
disease recurrence.

= Prior antitumor necrosis factor alpha therapy does
not seem to be a strong risk factor for endoscopic
recurrence.

rohn disease (CD) is mostly diagnosed during adulthood;

nevertheless, 7% to 20% of the patients are diagnosed at the
age of 0 to 19 years (1). Childhood-onset CD is described as more
aggressive, with higher disease activity and greater need of immu-
nosuppressive therapy than adulthood-onset CD (2,3). Moreover,
pediatric CD is associated with growth retardation and pubertal
delay (4-6). It could be one of the reasons for elective surgery (7).
Up to 70% of the adult patients need intestinal surgery during the
first 10 years after diagnosis (8,9). In children, the cumulative
incidence of surgery increases in a disease duration-dependent
manner and within 5 years after diagnosis, 17% to 34% of the
pediatric patients undergo surgery (10,11). One-third of adult
patients have clinical recurrence during the first year after intestinal
resection, although >80% have endoscopic recurrence (12,13).
Smoking, penetrating disease, perianal disease, and previous intes-
tinal surgery were identified as risk factors for postoperative
recurrence in adult patients in several retrospective studies and
the prospective study, Postoperative Crohn Endoscopic Recurrence
study (14). These conditions have, however, not been identified as
risk factors in pediatric patients thus far. For preventing the post-
operative recurrence in adults, mostly metronidazole (15), thiopur-
ines (alone or in combination with metronidazole) (14,16,17), and/
or antitumor necrosis factor alpha (anti-TNF-a) therapy (14,18) are
used. Studies reporting the use of S-aminosalicylic acid (proving its
effect only on clinical, but not endoscopic remission) (19) and
enteral nutrition in adult patients are available as well (20).
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The primary aim of the present study was to compare the rate
of postoperative endoscopic recurrence after ileocecal resection
(ICR) in children treated with azathioprine (AZA) monotherapy
between patients who received prior anti-TNF-a therapy before
surgery and those who did not. Moreover, as a secondary aims, we
tried to identify the potential risk factors for disease recurrence and
describe the long-term follow-up after surgery.

METHODS
Subjects

We prospectively collected data from pediatric patients
with CD, who underwent intestinal surgery between October
2011 and June 2015 at our university hospital (tertiary referral
center for inflammatory bowel diseases and for  pediatric
surgery), only information about diagnosis and preoperative
treatment was collected retrospectively. According to our internal
standards, patients without residual disease after surgery were
treated with AZA monotherapy, whereas patients with residual
disecase were treated with anti-TNF-a agents. Decision on post-
operative treatment was based solely on the presence of residual
disease and preoperative anti-TNF treatment had no influence on
the decision. Residual disease was defined as any region of active
inflammation outside of the resected ileocecal area; an ulcer or
aphthous lesions or stricture with inflammation present in any
part of the gastrointestinal tract, which can be visualized endos-
copically (from the oral cavity to the duodenum and from the
terminal ileum to the anus), a perianal disease, and/or significant
active inflammation of the small intestine or the upper gastro-
intestinal tract (identified by or by magnetic resonance entero-
graphy [MRE]). In minority of patients where MRE could not be
done before surgery (mostly because of emergent need of
surgery), the residual disease was evaluated only by endoscopy
and manually by surgeon during operation (lumen of the bowel
was not checked).

Inclusion criteria were as follows: an age of 0 to 19 years, a
diagnosis of CD (according to Porto criteria and revised Porto
criteria) (21), an indication of ICR (including combination with
evacuation of abscess [n ¥4 5], other ileal [n Y4 3] or partial (seg-
mental) colonic resection [n ¥4 3], strictureplasty [n %4 1] or fistu-
lectomy [n V4 3]—none of the fistulas was in the perianal area), no
residual disease, undergoing endoscopy/MRE before ICR, AZA
monotherapy after ICR, patients and their legal representatives
agreed to participate in the study, and signed informed consents.

Exclusion criteria were as follows: an active colonic inflam-
mation not suitable for surgery (confirmed by endoscopy before
ICR), an active or previous perianal disease, change of therapy (an
interruption of AZA therapy or a newly started anti-TNF-a therapy)
before the first endoscopy after ICR, and a follow-up in another
hospital after surgery.

All ICRs were performed by pediatric surgeons. During the
perioperative period, all patients had short-term prophylactic anti-
biotics as indicated by the surgeon. No patient had long-term
prophylactic therapy (metronidazole, aminosalicylates, or enteral
nutrition) other than AZA after ICR. We included all patients who
underwent elective surgery and patients who underwent an acute
procedure for management of the complications but had neither
residual disease nor complicated course after surgery. Median
(interquartile range [IQR]) of AZA dosage was 1.95 mg/kg (1.48—
2.14), patients with intermediate activity of thiopurine meth-
yltransferase received lower doses of AZA, as recommended. Only
1 patient had no AZA therapy before surgery. We did not routinely
monitor AZA metabolites or levels and antibodies of infliximab and
adalimumab. Twenty patients were treated with AZA from diag-
nosis to surgery, 1 patient underwent ICR soon after diagnosis.
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Median (IQR) duration of anti-TNF-a therapy was 15.5 month (5.3—
34) until surgery.

During the study period, 54 intestinal surgeries were per-
formed in 51 patients of which 47 were eligible to be considered for
the study (underwent ICR). To describe the extent of the disease, we

performed endoscopy in 44 patients (93.6%) with a maximal
interval of 100 days before the intestinal surgery. In 21 patients,
who fulfilled inclusion criteria, median (IQR) time from endoscopy

to surgery was 26.5 (14.5— 72.5) days. Among all patients, 27
patients (57%) fulfilled the inclusion criteria. During follow-up,
6 patients (21%) were excluded: 1 patient had epidural abscess
postoperatively (AZA therapy had to be terminated), 1 patient had
wound complication, and 4 patients were lost during the follow-up.
The inclusion of patients in the study is shown in detail in Figure 1.

Among the remaining 21 patients who fulfilled the inclusion

criteria and completed the follow-up, 10 were exposed to anti-TNF-
a therapy (1 to adalimumab and 9 to infliximab) before surgery,
whereas 11 patients did not receive this therapy (had no indication
for starting anti-TNF therapy—no perianal disease, no growth
failure or relapse on immunomodulators, or intolerance of immu-
nomodulators).

The present study was approved by the ethical committee of
our university hospital. All patients and/or their parents signed
informed consents.

Data Collection

The following data were collected retrospectively from the
hospital electronic medical records: clinical data (Table 1 and
Supplemental Digital Content 1, Table, http.//links.lww.com/
MPG/A853 for details); previous endoscopic and imaging methods
findings; and surgical data (length of resection and dilatation of the
bowel).

The following data were collected prospectively after surgery
during at least 6 months of follow-up: clinical data (Pediatric Crohn
Disease Activity Index [PCDAI], development of new fistulizing or
perianal disease after ICR), laboratory results (blood count, eryth-
rocyte sedimentation rate, C-reactive protein, serum albumin), body
mass index z score, and endoscopic findings. Fecal calprotectin
(CPT) was examined only in 14 patients (67%) before surgery with
a maximal interval of 4 months before ICR and in 13 patients (62%)
during the follow-up. Clinical characteristics of the patients are
listed in Table 1 and in Supplemental Digital Content 1, Table,
http://links.Iww.com/MPG/A853.

Endoscopic Follow-up

Gastroscopy and ileocolonoscopy were performed between
the sixth and eighth month after ICR by a pediatric gastroenterol-
ogist. Endoscopic recurrence was described using Rutgeerts score
(13) as follows:

1. 10 (no aphthous lesions in the distal ileum) and il (S5 aphthous
lesions) were defined as remission.

2. i2 (2:5 aphthous lesions with normal mucosa between the
lesions, skip areas of larger lesions, or lesions confined to the
ileocolonic anastomosis that is <1 cm in length), i3 (diffuse
aphthous ileitis with diffusely inflamed mucosa), and i4 (diffuse
inflammation with larger ulcers, nodules, and/or narrowing)
were defined as recurrence.

In case of recurrence of the disease (anastomotic or ileal
recurrence alone or in combination with recurrence in other places,
perianal, colonic, or small bowel), anti-TNF-a treatment was
started and the condition was considered as a ‘“‘relapse.”
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lleocecal resection
performed
n =47

\

Fulfilled inclusion criteria:
n=27

Not fulfilled inclusion criteria:
Colonic disease n = 11

Perianal disease n =5
Transferred n =3

No endoscopy before, no residual
disease n =1

Data for analysis:
n=21

Excluded during follow-up:
Complications during AZA treatmentn =2 *
Lost until follow-up n =4

FIGURE 1. Flowchart of the inclusion criteria of patients into the study. One patient had incisional fistula 1.5 months after ileocecal resection, 1
patient ceased azathioprine (AZA) treatment because of sinusitis and epidural abscess.

After the first postoperative endoscopy, we performed endos-
copies in various intervals (6—12 months) or at the time of
clinical relapse.

Primary and Secondary Outcomes

The primary outcome was defined as the proportion of
patients with a Rutgeerts score less than i2 six months after ICR.
Secondary outcomes were to find potential predictors of disease

recurrence and to describe long-term endoscopic follow-up of
patients after ICR (Supplemental Digital Content 2, Fig., http://
links.lww.com/MPG/A854).

Statistical Analysis

All data analyses were performed using R statistical software
(version 3.2.3) (22). The median and the IQR were used as
continuous variables. The absolute frequencies and percentages

TABLE 1. Patients’ characteristics

Rutgeerts <i2 Rutgeerts 2:i2 P Py Corrected P?

Number of patients 13 8

Sex male (%) 8(0.62) 6 (0.75) 0.874 0.656 1
Age at diagnosis, y, median (IQR) 14.8 (13.9-16.3) 14.1 (11.3-17.1) 0.75 0.75 1
Age at surgery, y, median (IQR) 16.7 (15.3-17.6) 16.9 (16.7-17.2) 0.772 0.764 1
ESR at the time of surgery, mm/hod, (IQR) 23 (13-29) 39.5(23.8-62) 0.158 0.153 0.541
Albumin at the time of surgery, g/L, (IQR) 44.7 (42.747.5) 42.2 (38.744.1) 0.046 0.042 0.528
CPT at the time of surgery, mg/g, (IQR) 1800 (1278.5-1800) 1000 (876-1357) 0.237 0.24 0.565
PCDAI the time of surgery (IQR) 15 (7.5-17.5) 23.8 (15.646.2) 0.1 0.097 0.534
Anti-TNF therapy before surgery (%) 6 (0.46) 4(0.5) 1 1 1
Dilatation on MRE (%) 9 (0.69) 2(0.25) 0.128 0.08 0.528
Acute surgery (%) 2(0.15) 4(0.5) 0.227 0.146 0.541
Perforation found (%) 6 (0.46) 5(0.62) 0.781 0.659 1
Azathioprine, mg-kg~' - day~', (IQR) 2 (1.6-2.1) 2(1.5-2.3) 0.885 0.874 1
5-ASA (%) 1(0.08) 1(0.12) 1 1 1
Rutgeerts, i0 to i4, (IQR) 0(0-1) 2(2-3) 0 0 0

5-ASA Y4 5-aminosalicylic acid, CPT Y4 fecal calprotectin, ESR Y4 erythrocytes sedimentation rate, IQR V4 interquartile range; MRE %4 magnetic resonance
enterography, PCDAI V4 pediatric Crohn disease activity index; TNF Y4 tumor necrosis factor.
P values from Wilcoxon rank-sum test or chi-squared test.

YP values from Wilcoxon permutation test or permutation-based chi-squared test of independence.

“False discovery rate correction of the permutation-based tests for multiple testing.
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were employed as categorical variables. Wilcoxon rank-sum test
and Wilcoxon permutation test (23) (using R package ‘‘coin’
version 1-1.2) were used for comparing the continuous variables
between the 2 groups due to the small sample size. To test our
hypothesis using the categorical data, the chi-squared test and the
permutation-based chi-squared test of independence (using R pack-
age “‘coin’’ version 1-1.2) were used due to the small sample size
(24). Kaplan-Mayer curve was used to display the time to relapse
and the Cox-regression analysis was used to test the significance of
the difference between patients with and without prior anti-TNF-a
therapy. A P value <0.05 was considered to be statistically sig-
nificant. We used the false discovery rate correction method for
multiple testing.

RESULTS

Primary Outcome

Among the 21 included patients, 13 had endoscopic remis-
sion (Rutgeerts score < i2) at the sixth month after ICR. There was
no difference in remission rate between patients who received anti-
TNF-a therapy before surgery (6/10, 60%) and those who did not
(7/11, 64%), see Table 1.

Factors Associated With Endoscopic Recurrence

A lower concentration of serum albumin (P %4 0.042) was
found to be associated with higher endoscopic recurrence rate at the
sixth month. After correction for multiple testing, we could not find
any difference (Table 1). Other factors, see Table 1 and Supple-
mental Digital Content 1, Table, http.//links.lww.com/MPG/A853,
were not found to be associated with endoscopic recurrence even
without correction for multiple testing. Six patients underwent acute
surgery; the other underwent ICR electively, so there was no
statistical difference found between groups.

CPT was examined only in 62% of the patients during 6
months of follow-up. The cut-off concentration for remission was
set at 100 mg/g; the CPT in 10 patients was in accordance with the
endoscopic findings (CPT < 100 mg/g p Rutgeerts score < i2 and
CPT > 100 mg/g b Rutgeerts score 2: i2). One patient had a CPT of
<100 mg/g and Rutgeerts score of 2:i2, another patient had a
comparable CPT value (137 mg/g) and Rutgeerts score of i2, and
2 patients had CPT >100 mg/g (187, 273 mg/g) and a Rutgeerts
score ofil.

PCDAI (remission defined as PCDAI <10) 6 months after
ICR was not in association with the Rutgeerts score (remission
defined as Rutgeerts score <i2) (P ¥4 0.206).

We did not find any difference in the long-term disease
recurrence between patients who received prior anti-TNF-a therapy
and those who did not by using the Kaplan-Meier curve (Supple-
mental Digital Content 2, Fig., http://links.lww.com/MPG/A854).

DISCUSSION

To our knowledge, this is the first prospective study eval-
uating the endoscopic recurrence after ICR in pediatric population
on prophylactic AZA monotherapy. Despite the small sample size,
it seems that anti-TNF-a therapy before elective or acute ICR is not
a strong negative predictive factor with respect to the subsequent
endoscopic relapse of the disease in patients without residual
disease. In the scientific literature, we did not identify any other
pediatric study evaluating predictive value of preoperative anti-
TNF-a treatment with respect to postoperative endoscopic recur-
rence. Thus, we could not compare our results with those of other
studies. Based on our data, it, however, seems that in pediatric
patients without residual disease after ICR, it is possible to continue
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prophylactic AZA monotherapy even in patients with unfavorable
preoperative course of the disease requiring anti-TNF-a therapy
before surgery. A potential limitation of our study is that we did not
determine AZA metabolites to optimize the dosage and to control
the patient compliance.

In our study, the endoscopic recurrence rate was 38% at the
sixth month compared with 45% in high-risk adult patients treated
with thiopurines 6 months after surgery (14). Bobanga et al reported
a recurrence rate of 87% in patients younger than 16 years, who
underwent endoscopy at various time points of long-term follow-up
(mean 4 3 years). Criteria for endoscopy and treatment after ICR
were, however, not clearly described (only 13/34 patients under-
went endoscopy) (25). In a retrospective study by Hansen et al (26)
in 115 pediatric patients, 26% of the patients developed clinical
recurrence (evaluated only by the physician global assessment)
within 6 months after ICR; however, not all patients were treated
with AZA. Baldassano et al (27) collected retrospective data from
68 patients after bowel resection (54% of them underwent ICR) and
17% developed clinical recurrence at 1 year (defined by a PCDAI
>30). Pediatric patients after ICR constitute a high-risk group
requiring strict follow-up after surgery. In our study, the PCDAI
was not in association with endoscopic remission or recurrence.
This is questionable, whether only clinical evaluation (using phys-
ician global assessment or PCDAI) is sufficient to reveal the
recurrence of the disease that requires continuation of therapy.
PCDAI was not confirmed as a good marker of disease severity
found upon endoscopy (28); however, the present study did not
include patients who had already undergone ICR. In addition,
Crohn disease activity index has been found to have the same
limitations in adults as a predictor of relapse (29). In spite of the fact
that there are no follow-up studies comparing the predictive value of
clinical compared with endoscopic recurrence with respect to the
long-term clinical outcomes in children, we believe that sugges-
tions/decisions regarding treatment based on the endoscopic follow-
up after ICR should be standardized for the pediatric population,
similar to adult patients. Studies identifying the predictors of
disease recurrence in children are needed to identify subgroups
of patients that need close postoperative follow-up, especially with
respect to indication of early endoscopy after surgery. Based on our
data, there is no difference between patients who received prior
anti-TNF-a therapy and those who did not in long-term follow-up
(endoscopy 1 year after ICR or later).

In a retrospective study carried out by Baldassano et al (27),
preoperative 6-mercaptopurine, PCDALI at the time of surgery, and
colonicdisease wereidentified asrisk factors of clinical recurrence. In
the present study, patients with colonic disease were considered as
high-risk patients and did not match the inclusion criteria for AZA
monotherapy. According to our data, albumin level at the time of
surgery seems to be a potential predictor of endoscopic recurrence at
the sixth month; however, results did not reach statistical significance
after correction formultiple testing. Moreover, all patients in our study
had normal levels ofalbumin, but cut-offlevels for healthy population
may notberelevant for the outcome ofthe present study. If differences
in albumin levels within normal range for healthy population may be
predictors of disease recurrence, it needs further evaluation and
another cut-off for this specific clinical situation may be defined in
the future. Therefore, the potential predictors should be evaluated ina
larger prospective study. Other previously identified risk factors
include smoking (14), previous resection (in our study, no patient
had previous surgery), and a perforating disease (not confirmed by our
data, P %4 0.66) (30). Nevertheless, we may have not been able to find
relevant predictors ofunfavorable outcomebecause ofthe fact that the
high-risk patients were not included in our study and did not continue
(or start) anti-TNF-a treatment after surgery. Using CPT alone to
suggest the timing of endoscopy was not reliable in our study. Three
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patients had low CPT (<250 mg/g) of which 1 patient had CPT <100
mg/ginspite ofhaving endoscopic disease recurrence. The number of
patients included in our study is, however, limited (we were able to
collect CPT samples in 67% of patients only). These findings are not
in accordance with those of a previous meta-analysis that identified
CPT as a highly sensitive marker for assessing endoscopic post-
operativerecurrence (31). CPT was previouslysuccessfullytestedasa
marker of postoperative recurrence in children (32).

CONCLUSIONS

Prior anti-TNF-a therapy does not seem to be a strong risk
factor for endoscopic recurrence within 6 months after ICR and
probably in long-term follow-up. Serum albumin level at the time of
surgery could be a potential predictor of disease recurrence; how-
ever, studies with a larger sample size are needed to confirm
these findings.
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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 ofatopic dermatitis. Lower C-reactive proteinlevels (oddsratio[OR],0.947;95%CI, - 0.898
t00.998; 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:

«Infliximab (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 QOdds 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.

a 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 [WPCDALI], 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
ofanti-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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Table1l Demographic and clinical characteristics of patients

Patients without dermatologic complication N = Patients with dermatologic complication N= p

54

Age at first anti-TNF, years 15.03 (12.1-16.86), NA =0
35(0.65), NA=0
2(0.04), NA=0

51(0.96), NA =1

Sex, man
Smoking
Ethnicity (Caucasians)

Family history of IBD 10 (0.19), NA =0
Immunopathology 2(0.04),NA=0
Localisation L1! 17 (0.31), NA=0
Localisation L2! 5(0.09), NA=0

Localisation L3'
L4 (non L4a nor L4b) !

32(0.59), NA=0
19 (0.35), NA = 0

Behaviour B1! 36 (0.67), NA=0
Behaviour B2! 11(0.20), NA=0
Behaviour B3! 4(0.07),NA=0
Behaviour B2&B3! 3(0.06), NA=0

Perianal disease'

Growth retardation, G1'
ASCA, positivity in IgG or IgA
ANCA, positivity

Number of eosinophils

12 (0.22), NA =0

10 (0.19), NA =0

42 (0.88), NA =6
7(0.14),NA=5

0.13 (0.07-0.36), NA = 13

wPCDAI 22.5(11.88-32.50), NA=6
Height, Z-score -14(-4721t00.13), NA=0
BMI, Z-score -1.07(-237t00.11), NA=0

Personal history of atopy 32 (0.59), NA=0

10 (0.19), NA=0

2 (0.04), NA=0

27 (0.50), NA=0

27 (0.50), NA=0

2.11 (0.63-3.10), NA=0
0.78 (0.38-2.03), NA=0

1 (0.95-1.00), NA=0

Family history of atopy
Family history of psoriasis
Anti-TNF, infliximab
Anti-TNF, adalimumab
Follow-up on anti-TNF
Time to anti-TNF, years

Percentage of time on
immunomodulator?

35 value
15 (13.84-16.25),NA=0 0.28
20 (0.57), NA=0 0.47
2 (0.06), NA=0 0.66
34(0.97), NA=0 0.81
2 (0.06), NA=0 0.07
4(0.11), NA=0 0.16
10 (0.29), NA=0 0.77
1(0.03), NA=0 0.21
24 (0.69), NA=0 0.37
14 (0.40), NA=0 0.65
28 (0.80), NA=0 0.17
5(0.14), NA=0 0.46
2 (0.06), NA=0 0.75
0 (NA),NA=0 0.08
8(0.23),NA=0 0.94
12 (0.35), NA =1 0.08
26 (0.84), NA =4 0.65
6(0.20), NA=5 0.51
0.11(0.05-0.23), NA =5 0.06
35(9.38—40.00), NA =9 0.18
- 1.39 (- 2.90 to 0.04), NA=0 0.20
- 1.33 (- 1.94 t0 0.41), NA=0 0.94
24 (0.69), NA=0 0.37
12 (0.34), NA=0 0.09
2 (0.06), NA=0 0.66
23 (0.66), NA =0 0.14
12 (0.34), NA=0 0.14
2.84 (1.92-3.69), NA =0 0.02
0.89 (0.31-1.62), NA =0 0.81
1(1.00-1.00), NA=0 0.77

! According to the Paris classification, 2 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.

A Springer
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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. TNF
tumour necrosis factor. * One patienthad 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)

@ Springer

Adalimumab

(n=39)
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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]: 1.03—4.17; p
= 0.04). No association was found between the time to the
occurrence of psoriatic lesions and the tested predictors. IFX
therapy (compared to ADA; HR: 5.5; 95% CI: 1.59-19.06; p
=0.01; Fig. SIA), and a family history ofatopy (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 thatexpressed patient disease activity
(WPCDALI, 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 amedian of 2.5 years, [FX

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

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 arisk factor for psoriasiformlesions [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 [IFX) 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].

Thetrueclinical 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 thatonlya 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 apaediatric 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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Abstract

Background Young age and thiopurine therapy are risk
factors for lymphoproliferative disease among patients
with inflammatory bowel disease (IBD).

Aims The aims of this study were to evaluate the preva-
lence of seropositivity for the Epstein—Barr virus (EBV)
and human cytomegalovirus (CMV) among children and
adolescents with IBD, to assess the viral load of EBV,
CMV, and BK and JC polyomaviruses (BKV, JCV) in
these patients, and to assess the influence of different
therapeutic regimens on seroprevalence and viral load.
Methods Children who had been followed in our center
were tested for EBV, CMV, BKYV, and JCV in a cross-
sectional study. One hundred and six children were inclu-
ded who had Crohn’s disease (68 %), ulcerative colitis
(29 %), and unclassified IBD (3 %).

Results We found that 64 % of patients were EBV
seropositive. The proportion of EBV seropositive patients
increased during childhood. Azathioprine therapy
(p = 0.003) was associated with EBV seropositivity in a
multiple logistic regression model, after adjusting for
gender, age, and disease activity at determination. We
found a significant association between the number of
polymerase chain reaction copies and infliximab dose
(» = 0.023). We did not find any significant association
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between CMV serology and CMV, BKV, or JCV viral
load, or any other therapeutic regimen or clinical
characteristics.

Conclusions Treatment with azathioprine appears to be a
risk factor for early EBV seropositivity in children with
IBD, and the infliximab dose was associated with a higher
EBV viral load.

Keywords Epstein—Barr virus - Cytomegalovirus -
Inflammatory bowel disease - Azathioprine - Infliximab -
Immunosuppressive therapy

Introduction

Immunosuppressive therapy, which includes the use of
thiopurines and biologic drugs, has improved outcomes
associated with inflammatory bowel disease (IBD). How-
ever, this therapy is also associated with an increased risk
of infectious and cancerous complications, such as lym-
phoproliferative disorders (LDs), which has become a
major concern for clinicians managing patients with IBD
[1]. Immunosuppressive therapy [2] and chronic inflam-
mation [3] likely play major roles in the development of
LDs, although it is difficult to distinguish the effect of
immunosuppressive therapy from that of the inflammatory
disorder itself. Recent data suggest that thiopurine therapy
is associated with a three to fivefold increased risk of
developing LD [4, 5]. Three lymphoproliferative condi-
tions are reportedly related to immunosuppressive therapy
[1]. The Epstein—Barr virus (EBV) plays a crucial role in
the two most common conditions, which are post-trans-
plant-like lymphoma with EBV reactivation and early post-
mononucleosis lymphoproliferation in young EBV-
seronegative males [4, 6]. However, hepatosplenic T cell

133


mailto:ondrej.hradsky@lfmotol.cuni.cz

3400

Dig Dis Sci (2015) 60:3399-3407

lymphoma also develops in young male patients treated
with thiopurine alone, or in association with anti-tumor
necrosis factor (TNF)-a treatment, probably without rela-
tion to EBV [7-9]. Primary EBV infection has also been
associated with hemophagocytic lymphohistiocytosis in
children with IBD taking thiopurines [10]. Reported risk
factors for developing EBV-related LDs are male gender,
young age (under 35 years) [11], and treatment with
thiopurines [4, 5]. Viral load has also been reported as a
risk factor, although only in a post-transplant setting [12].
Thiopurines are often used in children, and thus this pop-
ulation appears to be more vulnerable to treatment-related
complications. Very little data exists regarding EBV
seroprevalence [13], and almost no data regarding viral
load among children with IBD [14] has been published.
Conflicting data exists regarding human cytomegalovirus
(CMV) reactivation in adult patients who have been treated
with anti-TNF therapy [15-17], and very little data have
been published regarding CMV viral load, and no data
regarding CMV seroprevalence, among children with IBD
[14]. Similarly, very little data have been published
regarding JC polyomavirus (JCV) in patients treated with
immunosuppressive therapy [14, 18], which was previously
associated with progressive multifocal leukoencephalopathy
[19]. Reactivation of the closely related BK polyomavirus
(BKV) has been described in immunocompromised hosts
(kidney and hematopoietic stem cell transplant settings)
[20], and thus BKV reactivation (as a trigger of T cell
activity) in IBD might also be of interest.

The aims of the study were to evaluate the prevalence of
EBV and CMV seropositivity among children and ado-
lescents with IBD, to evaluate the viral load of EBV, CMV,
BKYV, and JCV in the peripheral blood of these patients,
and to evaluate the influence of different therapeutic regi-
mens on seroprevalence and viral load.

Methods
Subjects

Children with at least one visit to the University Hospital
Motol between January and March 2014 were tested for
EBV, CMV, BKYV, and JCV and followed in this cross-
sectional study. We included 106 children, with 72 (68 %)
cases of Crohn’s disease (CD), 31 (29 %) cases of ulcer-
ative colitis (UC), and three (3 %) cases of unclassified
IBD. The patients’ demographic and clinical characteristics
are listed in Table 1. In all patients treated with IFX, in
order to standardize the calculated dose, the dose was
calculated for their body weight and 8 weeks (the most
common interval of IFX administration). Disease activity
was expressed by clinical activity index scores for both CD
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and UC. Due to dissimilarities of PCDAI and PUCAI, we
assigned the cutoff for severe activity of both diseases at 30
points or more.

EBV and CMV Serology, and the Detection of Viral
Load

All patients were tested for the presence of antibodies
against EBV proteins (antiviral capsid antigen [VCA] IgM
and IgG, anti-early antigen [EA] IgG, and anti-Epstein—
Barr nuclear antigen I1gG) and against CMV (anti-CMV
IgG and IgM). The patient’s serum samples were tested by
using a Liaison machine and appropriate detection kits
(DiaSorin, Saluggia, Italy). Patients with antibodies against
EBV VCA, Epstein—Barr nuclear antigen, EBV EA, or
CMYV were designated as seropositive.

Nucleic acid extraction from whole blood was per-
formed using a DNA blood mini kit (Qiagen, Valencia,
CA), following the manufacturer’s instructions. Detection
of the EBV, CMV, BKYV, and JCV viral load was assessed
by using real-time polymerase chain reaction (PCR) tech-
nology, according to published assays and was tested in all
patients [21-23]. The viral load of EBV and CMV was
normalized to 10,000 human genome equivalents, as
assessed by quantification of albumin gene expression [24],
while the viral load of JCV and BKV was expressed as
copies per mL.

Statistical Analysis

All data analysis was performed using the R statistical
software (version 3.0.3). Continuous variables were
described as medians and interquartile ranges (IQR).
Categorical variables were described as absolute fre-
quencies and percentages. Welch’s two-sample ¢ test was
used for comparing continuous variables between two
groups. When testing our hypothesis regarding categorical
data, the likelihood ratio test was used for odds ratio with
95 % confidence intervals (95 % CIs). Multivariate
logistic regression was used to determine dependencies
between the variables. In the multivariate analysis, the
dependent variables were seropositivity, positive PCR
results, and number of PCR copies. For a better descrip-
tion of the evolution of seropositivity during childhood
with cross-sectional data, we used a nonparametric max-
imum likelihood estimate for the distribution from the
interval censored data (R package Interval version 1.1—
0.1) [25].

Ethical Considerations

The study was approved by the Ethics Committee of the
authors’ institution.
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Table 1 Clinical characteristic of patients at diagnosis and at the time of testing

CD uc IBD-U
n=72 n=31 n=3
Age at diagnosis (years)® 12.6 (10.9-14.6) 8 (4.9-11.6) 12.2 (10.9-13.6)
Age at EBV determination (years)® 15.2 (13.9-17) 12.9 (9.8-14.5) 15.9 (14.9-17.3)
Disease duration (years)? 2.2(1.2-4) 2.7(1.2-54) 3.9 (3.84.1)
Gender (male) 42 (58 %) 19 (61 %) 3 (100 %)
Localization/extension L1 14 (19 %) El 2 (6 %)
L2 15 (21 %) E2 3 (10 %)
L3 43 (60 %) E3 26 (84 %) E3 3 (100 %)
L4 28 (39 %) L4 1 (33 %)
Behavior/severity B1 35 (49 %) S1 5(16 %) S1 0
B2 33 (46 %) S2 14 (45 %) S2 1 (33 %)
B3 4 (6 %) S3 11 (35 %) S3 2 (67 %)
p 11 (15 %) S4 1 (3%) S4 0
PCDAI*® 15 (10-20)
PUCAI*® 5(0-5)
ESR (mm/h)®P 16 (10-26.2) 9 (5-21.5) 2 (1.5-5)
CRP (mg/L)*® 1.8 (0.5-5.1) 1.1 (0.5-3.8) 0.8 (0.7-2.2)
CPT (1g/g)*® 805 (149-1800) 191.5 (100-1783) 197 (148.5-374.5)

PLT (910°/L)™> 306 (261-386)

328 (254-408) 218 (199-220)

PCDAI Pediatric Crohn’s Disease Activity Index, PUCAI Pediatric Ulcerative Colitis Activity Index, ESR erythrocyte sedimentation rate, CRP

C-reactive protein, CPT fecal calprotectin, PLT platelet count
* The values are expressed as median with interquartile range
® At the time of determination

Results
EBYV Serology During Childhood

Among the 106 patients we tested, 68 (64 %) were EBV
seropositive; the remainder of the patients’ serological
characteristics are listed in Table 2. We found a correlation
between EBV seropositivity and age at serology determi-
nation (OR 1.26, 95% CI 1.11-1.45, p \ 0.001). The
proportion of seropositivity was lower at younger ages, as
shown in Fig. 1. Seropositivity was 41 % (7/17) among
patients aged \10 years, 55 % (23/42) among patients
aged 10-15 years, and 81 % (38/47) among patients aged
15—19 years. We found 49 (68 %) patients with CD, three

(100 %) patients with unclassified IBD, and 16 (52 %)
patients with UC EBV seropositive.

Effect of Treatment on EBV Seropositivity Status
During Childhood

Current treatment with azathioprine (AZA) (OR 6.03,95 %
CI 2.16-18.75, p = 0.005) was associated with EBV
seropositivity in the multiple logistic regression model,
after adjusting for gender, age, and severe activity of dis-
ease (expressed as PCADI or PUCAT higher or equal to 30
points) (Table 3). Treatment with 5-aminosalicylate and
treatment with and combined AZA and IFX was associated
with EBV seropositivity in the unadjusted model, although

Table 2 EBV serological 5-ASA CS AZA IFX IFX ? AZA ATl

characteristic of the patients

among group of treatment IgM-VCA? 1(0.04) 0 (0) 6 (0.07) 4(0.09) 5(0.12) 6 (0.06)

regtmen 1gG-VCA? 11(041)  3(038)  59(0.69)  33(0.72)  31(0.78) 66 (0.62)
IgG-EA? 2(0.07) 1(0.12) 13 (0.15) 8(0.17) 7(0.18) 15 (0.14)
IgG-EBNA? 9 (0.33) 3(0.38) 53 (0.62) 26 (0.57) 26 (0.65) 56 (0.53)

ASA, 5-aminosalicylates; CS, corticosteroids; AZA, azathioprine; IFX, infliximab; IFX ? AZA, infliximab
in combination with azathioprine, all patients
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Fig. 1 The prevalence of EBV seropositivity in age group. Full
circles represent the mean for each numeric variable in each age
category, and are presented with error bars (95 % Cls)

Table 3 Analysis of risk factor for EBV seropositivity

the association was not detected after adjusting for age,
gender, and disease activity. No other medications were
associated with EBV seropositivity (Table 3). Due to the
cross-sectional study design, we also tested these associa-
tions using a nonparametric maximum likelihood estimate
for the distribution from interval censored data. Using this
model, AZA monotherapy (Z=3.519, p=0.00043) and
combinedtreatmentwith AZA (Fig.2)andIFX(Z=2.64,
p=0.0084) were predictors for early EBV seropositivity
during childhood. However, treatment with 5-aminosali-
cylates was negative predictor for early EBV seropositivity
(Z = =2.46, p = 0.014).

Effect of Treatment on EBV Viral Load

EBYV viral load was evaluated for all 106 patients included
in this study, although only 15 (14 %) had detectable
copies of EBV DNA. Among patients with positive PCR
test results (EBV copies [0), the median load was 0.87
copies (IQR 0.72-2.54) and the maximum load was 18.2.
The patient with the highest EBV load was a 12-year-old
girl with UC, who was being treated with AZA and IFX,

Seropositive Seronegative All t value or OR with Unadjusted Adjusted
95 % CI p value® p value®
Number 68 38 106
Median age at determination 15.7 (13.8-17) 13.5 (10-14.9) 14.6 (13.1-16.7) t= =36 0.001
(IQR) (years)

Gender (male proportion) 32(0.47) 10 (0.26) 42 (0.4) 0.4 (0.16-0.93) 0.034
Diagnosis (CD proportion)® 49 (0.72) 23 (0.61) 72 (0.68) 1.68 (0.72-3.9) 0.226
Median platelet count (IQR) 298 (250-353) 341 (263-432) 308 (256-399) t=1.9 0.062
Median PCDAI (IQR)¢ 15 (10-20) 15 (10-26.3) 15 (10-20) t=1.4 0.169
Median PUCAI (IQR)® 0 (0-5) 0 (0-7.5) 2.5(0-5) t=1 0.33
PCDAI C 30 or PUCAI C 30f 2(0.03) 8(0.21) 10 (0.09) 0.11 (0.02-0.49) 0.003
5-ASA 12 (0.18) 15(0.39) 27 (0.26) 0.33 (0.13-0.8) 0.015 0.104
CS 3(0.04) 5(0.13) 8 (0.08) 0.3 (0.06-1.32) 0.111 0.687
AZA 61(0.91) 24 (0.63) 85 (0.81) 6.03 (2.16-18.75) \0.001 0.005¢
IFX 34 (0.51) 12 (0.32) 46 (0.44) 2.17 (0.96-5.11) 0.064 0.460
ADA 2(0.03) 2 (0.05) 4 (0.04) 0.55 (0.06-4.7) 0.555 0.795
IFX ? AZA 32(0.48) 8(0.21) 40 (0.38) 3.33(1.38-8.76) 0.007 0.067
Untreated 0 2 (0.06) 2(0.02)

IQR, interquartile range; 5-ASA, 5-aminosalicylates; CS, corticosteroids; AZA, azathioprine; IFX, infliximab; ADA, adalimumab; IFX ? AZA,

infliximab in combination with azathioprine

*Unadjusted p value

" Adjusted p value for gender, age and severe activity of disease at determination

¢ Data were analyzed using CD versus unclassified IBD and UC
4 Calculated for patients with CD
¢ Calculated for patients with UC

"The severe activity of disease was expressed as PCDALI in patients with CD or PUCAI in patients with UC or unclassified IBD higher or equal

to 30 points

€ Using this model age, severe activity of disease and treatment with AZA were independent predictors of EBV seropositivity
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and was positive for VCA IgM, VCA IgG, and EA. In
addition, her fecal calprotectin level was [1800 1g/g, and
she had a Pediatric Ulcerative Colitis Activity Index score
of 50. We did not detect any significant association
between PCR positivity and any of the treatment regimens
in both the unadjusted and adjusted models (Table 4).
However, an association between number of PCR copies
and IFX dose per kg and 8 weeks was detected (Kendall’s
tau = 0.19, p = 0.023). The association was even more
profound after adjusting for age, gender, and disease
activity (p = 0.003). No other associations between EBV
PCR results and treatment regimens were observed.

CMYV Detection

The proportion of patients in each group was unbalanced,
and actual results of serological tests were as follows: 38 %
(5/13) CMV seropositive among patients aged \10 years,
26 % (9/31) CMV seropositive among patients aged 10—
15 years, and 22 % (9/36) CMV seropositive among
patients aged 16—19 years. We did not find any association
between age at determination and CMV seropositivity. The
evolution of CMV seropositivity during childhood is
shown in Fig. 3. We tested whether CMV seropositivity
was associated with treatment modalities in a model with
interval censored data, although no association was
detected. In addition, CMV DNA was not detected in any
patient.

Age (years)

BKYV and JCV Detection

All patients’ PCR tests were negative for JCV. However,
PCR detected BKV in three patients (two males: 14.6, 17.3,
and 18 years; 2.46, 0.87, and 4.14 copies/mL) who were
receiving IFX and AZA treatment for CD. Owing to the
low prevalence of BKV positivity, we did not test any
associations.

Discussion

The European Crohn’s and Colitis Organisation guidelines
suggest that thiopurine treatment should be avoided in
EBV-seronegative males under 35 years of age [1]. How-
ever, there are very little data regarding seroprevalence
[13] EBV viral load among children with IBD [14]. The
first report of the prevalence of EBV seropositivity (40 %)
was in a letter by Love et al. [ 13] who described their work
in a group of newly diagnosed IBD patients (median age,
13 years). However, our data indicate that the prevalence
of EBV seropositivity increases during childhood among
patients with established disease. The overall proportion of
EBYV seropositive patients was 64 % in the present study,
although the median age at determination (14 years) was
very similar to Love et al.’s report [13]. We can only
speculate that this substantial difference in EBV seroposi-
tivity could be the result of the treatment used in our study

133



3404

Dig Dis Sci (2015) 60:3399-3407

Table 4 Analysis of risk factors for EBV PCR positivity and PCR copies

PCR positive PCR negative  All T value or OR Unadjusted Adjusted Correlation
with 95 % CI p value® p value®  p value®
Number 15 (14 %) 91 (86 %) 106
Median age at diagnosis 14.5(13.4-17.1) 14.6 (13-16.5) 14.6(13.1-16.7) t= —0.6 0.528
(IQR)
Gender (male proportion) 8 (0.53) 34 (0.37) 42 (0.4) 0.52 (0.17-1.58) 0.246
Diagnosis (CD proportion)! 10 (0.67) 62 (0.68) 72 (0.68) 0.94 (0.3-3.23) 00911
Median platelets count (IQR) 285 (266-321) 309 (250-400) 308 (254-396) ¢=0.9 0.355
Median PCDAI (IQR)® 13.8 (12.5-16.9) 15 (10-20) 15 (10-20) t=1.1 0.266
Median PUCAI (IQR)f 5(5-10) 2.5(0-5) 5(0-5) t=-05 0.645
PCDAI C 30 or 1(0.07) 9(0.1) 10 (0.09) 0.65(0.03-3.88) 0.68
PUCAI C 30¢
5-ASA 2(0.13) 25(0.27) 27 (0.25) 0.41 (0.06-1.61) 0.217 0.289 0.123
CS 0(0) 8(0.09) 8 (0.08)
AZA 14 (0.93) 72 (0.79) 86 (0.81) 3.69 0.15 0.219 0.173
(0.67-69.02)
IFX 9 (0.6) 37(0.41) 46 (0.43) 2.19(0.73-7.03) 0.163 0.228 0.003"
ADA 0(0) 4(0.04) 4 (0.04)
IFX ? AZA 8(0.53) 32(0.35) 40 (0.38) 2.11(0.7-6.53)  0.185 0.273 0.026
Untreated 0 2 (0.02) 2 (0.02)

IQR, interquartile range; 5-ASA, 5-aminosalicylates; CS, corticosteroids; AZA, azathioprine; IFX, infliximab; ADA, adalimumab; IFX ? AZA,

infliximab in combination with azathioprine
*Unadjusted p value

® Adjusted p value for gender, age, and severe activity of disease at determination

¢ Adjusted p value for gender, age, and severe activity of disease at determination for number of EBV PCR copies

4Data were analyzed using CD versus unclassified IBD and UC
¢ Calculated for patients with CD
f Calculated for patients with UC

€ The severe activity of disease was expressed as PCDAI in patients with CD or PUCAL in patients with UC or unclassified IBD higher or equal

to 30 points

h Using this model age, severe activity of disease and treatment with AZA were independent predictors of EBV seropositivity

group, mainly by AZA, which was noted in the current
study as a risk factor for early EBV seropositivity.
Although the specific mechanismis not yetunderstood, our
results (OR 6.03, 95 % CI12.16-18.75, p \ 0.001) confirm
the previous observation [26] that AZA use is associated
with EBV seropositivity. Moreover, we found a significant
difference in the childhood EBV seropositivity of children
treated with AZA and without AZA (p = 0.00043, Fig. 2).
A triple mechanism to explain the immunosuppressive
effect of AZA was proposed [27]. The induction of a very
specific apoptotic pathway in the CD47? subset of CD28
co-stimulated lymphocytes. Second mechanism was the
distortion in DNA, and the impairment in its repair system
induces the activation of non-specific apoptotic pathways
in proliferating lymphocytes and, finally, the inhibition of
adenosine triphosphate and guanosine triphosphate de novo
biosynthesis by methylmercaptopurine nucleotides. Further
studies will be needed to clarify by which of the proposed
mechanisms the immunosuppressive therapy may affect
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the seroprevalence of opportunistic viral infection. More-
over, whether patients diagnosed at an early age are pri-
marily more immunosuppressed should be considered.

The regional epidemiological situation might be another
explanation for the observed difference in seroprevalence
between our results and Love et al.’s letter [13]. The
prevalence of EBV seropositivity among patients aged 15—
19 years was slightly higher (81 %) in the present study,
compared to a prevalence of 71 % reported in another
recent study of patients between 18 and 20 years of age
[26]. Data on seroprevalence in the general population
from our region are unfortunately not available. However,
EBV serology has been studied recently in the general US
population [28, 29]. The EBV seroprevalence differs sig-
nificantly according to race or ethnicity. In non-Hispanic
whites, seroprevalence by age group was as follows: 6—
8 years: 43 %, 9-11 years: 40 %, 12-14 years: 53 %;
15-17 years, 64 %; and 18-19 years, 79 % [29]. Com-
parison with our study population will be very complicated
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Fig. 3 The censored data model for CMV serology. Each line
represents one patient. Full circles represent positive serology test,
empty circles negative test. For patients who had positive results the
data were censured from /left; for patients who had negative serology
the data were censured from right

mainly for cultural, socioeconomic, and geographical rea-
sons. Serological testing has some limitations. It should be
noted that the lack of IgM positivity may be a false neg-
ative in IBD young patients under immunosuppressive and/
or immunomodulatory treatment as has been shown for
CMV colitis [30, 31]. A further limitation in measuring
serum antibodies is the fact that elevated levels of IgM can
persist for up to 2 years after infection, and immunocom-
promised patients may not mount an IgM response [32].
So, it should be emphasized that quantitative RT-PCR
assessment of the viral load directly on mucosal samples
appears to be the most accurate test to determine viral
infection.

Contrary to EBV, CMV seropositivity prevalence
observed in children aged \10 years (33 %) was in
accordance with the prevalence observed in a large study of
healthy children (611 years: 36 %). On the other hand,
the prevalence observed among children aged [10 years of
age in our study was even lower (26 %) compared to that
observed in healthy children (12—19 years: 58 %) in the
mentioned study [33]. Further studies are needed to elu-
cidate whether CMV seroconversion from seropositivity to
seronegativity is possible in IBD patients treated with
immunosuppressive drugs. Moreover, the possibility of
seroconversion of CMV antibodies in these patients under
immunosuppressive therapy, the possibility that they can-
not mount an antibody response, should be also considered.
We can speculate that another explanation for the
insignificant decrease in seropositivity might be a birth

cohort effect; recently younger patients have more often
been exposed to CMV seropositive patients who were more
frequently hospitalized with immunosuppressed children
(e.g., after kidney, liver, or hematopoietic stem cells
transplantation). Also the younger age of patients at diag-
nosis and the younger age at CMV serology determination
could be another explanation.

The prevalence of EBV DNA positivity among children
with IBD was lower in the present study compared to
recently published data from the adult population (14 vs.
35 %) [34]. However, our results were similar to the
prevalence in the control group (15 %) in that same study
and also to the prevalence (12 %) observed in another study
of patients before IFX treatment [17]. In the adult popula-
tion, the prevalence of EBV DNA positivity among patients
with IBD was significantly higher than that in the control
group, independent of their therapeutic regimen [34]. The
same study also reported that IFX, in monotherapy or
combined with AZA, was associated with a higher preva-
lence of EBV DNA positivity [34]. In contrast, although the
prevalence of EBV DNA was not significantly different in
our study groups, we observed that the number of EBV
DNA copies and the dose of IFX per kg and 8 weeks were
significantly associated (adjusted p = 0.0089). Although
the threshold for PCR prediction of EBV infection is
unknown [35], viral load is known to be a predictor of
lymphoma development in a post-transplant setting [12],
Unfortunately, we could not confirm the previous obser-
vation that among adult patients age at determination was a
risk factor for the presence and viral load of EBV [34].

We did not detect CMV DNA in our samples, as pre-
viously reported among adult IBD patients before and
during [FX treatment [17]. Similarly, another report found
that only one of 62 pediatric patients with an inflammatory
condition (e.g., juvenile rheumatoid arthritis, CD, or UC)
was CMV positive [14]. None of the children we tested,
even those treated with a combination of IFX and AZA,
were JCV PCR positive. Recently presented data regarding
polyomavirus excretion in children with rheumatic diseases
indicate there is an increased reactivation of poly-
omaviruses (as evidenced by viruria) in patients receiving
biologic and non-biologic immunosuppressive therapies
[36]. Unfortunately, we were unable to test the association
with treatment regimens, given the low prevalence of
BKV. However, BKV was detected only in blood samples
from patients treated with a combination of AZA and IFX.
Regarding polyomaviral load, biologic therapy appears to
be more important than AZA, although it is not known
whether this replication leads to specific complications.

Regarding the risk of EBV infection, further prospective
studies are needed to determine whether AZA treatment is
responsible for the higher prevalence of EBV seropositivity
at younger ages, and whether there is a relationship between
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AZA treatment and the risk of EBV-associated LDs. It is
also curious that IFX, which leads to more extensive
replication of the virus, does not appear to be a risk factor.
The main limitation of the current study was its cross-
sectional design, and therefore, we tested the associations
in a model that should partially overcome this problem. As
in many other pediatric studies, the number of patients
included was small, and we were unable to include a
control group, due to ethical difficulties; therefore, the aim
of the study was not to compare the prevalence and load
between IBD patients and healthy subjects. In addition, this
study was conducted at a single tertiary center, and there-
fore, it is possible that our patients were not representative
of the general IBD population, especially given the high
proportion of very young IBD patients.

Conclusions

This is the first study to describe the relationships between
viral load and serology of EBV, CMV, BK, and JC poly-
omaviruses, and therapeutic regimens among pediatric
patients with IBD. Our results indicate how the prevalence
of seropositivity changes during childhood. We also found
that AZA was a risk factor for early EBV seropositivity in
children with IBD, although the dose of IFX was associated
with the number of PCR EBV copies. The relationship
between these results and EBV-associated LDs should be
elucidated in further studies.
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Musculoskeletal system in children and adolescents
withinflammatory bowel disease: normal muscle force, decreased
trabecular bone mineral density and low prevalence of vertebral
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Abstract Low bone mineral density (BMD) and an increased
fracture incidence are two extraintestinal complications asso-
ciated with inflammatory bowel disease (IBD). We aimed to
evaluate musculoskeletal traits and assess vertebral fracture
(VF) rate in children and adolescents with IBD. Seventy pa-
tients with IBD with a median age of 13.8 years were includ-
ed. The BMD and geometric parameters of the non-dominant
tibia were assessed using pQCT. Dynamic muscle functions
were evaluated using jumping mechanography. VFs were
assessedaccordingtothe semiquantitative standardized meth-
od by Genant. The muscle functions adjusted for the patients’
weight did not differ from the reference population. A low
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trabecular BMD (Z-score — 1.6; p <0.001) and cortical thick-
ness (Z-score — 0.7; p <0.001) were found in children and
adolescents with IBD. Conversely, an increased cortical
BMD (Z-score 1.1; p < 0.001) was noted. No significant as-
sociation was found between the 25-OHD serum levels and
the bone or muscle measurements. One patient with asymp-
tomatic VF was identified.

Conclusion: IBD in childhood or adolescents affects bones
but not muscles. Bone changes are independent of the 25-
OHD serum level. A thoracolumbar spine X-ray should not
be routinely recommended in children with IBD.

What is Known:

* Low bone mineral density and an increased fracture rate arethe
complications associated with IBD.

* Bone strength and structural development is strongly dependent on
skeletal muscle stimulation.

What is New:
* Children with IBD have altered bone density and geometry but normal
dynamic muscle functions.

* Thoracolumbar spine X-ray should be indicated on an individual basis
in children with IBD.

Keywords Inflammatory bowel disease - Bone strength -
Muscle functions - Peripheral quantitative computed
tomography - Mechanography - Vitamin D

Abbreviations

25-OHD 25-hydroxycholecalciferol
BMC Bone mineral content
BMD Bone mineral density
BMI Body mass index

CRP C-reactive protein
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CSA Cross-sectional area

DXA Dual energy X-ray absorptiometry

F- Fecal calprotectin

calprotectin

IBD Inflammatory bowel disease

MILH Multiple one-legged hopping

PCDAI Pediatric Crohn’s Disease Activity Index

pQCT Peripheral quantitative computed
tomography

PTH Parathormone

PUCAI Pediatric Ulcerative Colitis Activity Index

S2LJ Single two-legged jump

SSI Polar strength strain index

VF Vertebral fracture

Introduction

Inflammatory bowel disease (IBD) is a chronic disease that
negatively affects the mucosa of the gastrointestinal tract [1].
The optimal treatment outcome is to achieve mucosal healing
and thus limitthe development of secondary complications[2,
3]. In addition to malnutrition, growth retardation, delayed
puberty [4, 5], osteoporosis, and sarcopenia have also been
reported in patients with IBD [6].

Childhood and especially adolescence are critical periods
for bone development. Approximately 40% of the total bone
mineral content is acquired during puberty and adolescence in
girls [7]. Therefore, an impairment in bone development due
to inflammatory process in the bowel during this period could
result in impaired bone strength and an increased fracture risk
in adulthood. The etiopathogenesis of skeletal complications
in IBD is multifactorial and has not been entirely elucidated to
date. The main contributing factor of low bone mass accrual is
mostlikelythe overproduction of pro-inflammatorycytokines
(TNF-a, IL-1 B, and IL-6) [8], which promote osteoclasto-
genesis, and corticosteroid (CS) therapy, which induces oste-
oblast and osteocyte apoptosis [9]. Malnutrition, delayed pu-
berty, low physical activity, and 25-hydroxyvitamin D (25-
OHD) deficiency have also been implicated in the literature
[10-12].

Several studies have been conducted to ascertain the bone
mineral density (BMD) in children and adolescents with IBD
using dual energy X-ray absorptiometry (DXA) [4, 13—15] or
peripheral quantitative computed tomography (pQCT)[6, 16].
The prevalence of low BMD in pediatric patients with IBD
varies depending on the methodology used and patient selec-
tion; it has been reported in up to 27% of patients [17].
According to the official position of the International Society
for Clinical Densitometry, osteoporosis in children should be
diagnosed based on both a low BMD and a positive fracture
history. Data on the incidence of fractures in the pediatric IBD
population are scarce. Cases of vertebral fractures (VFs) have

@ Springer

been reported [ 18—22], but the results of the largest epidemi-
ological study showed a non-significant trend toward an in-
creased risk of VF (OR 2.7, 95% CI 0.8—10.8) in adolescents
with IBD, especially in patients with Crohn’s disease (CD)
(OR 5.4,95% CI1 0.5-60.0), compared to the healthy popula-
tion [23]. This is in contrast to a number of studies in adults
that have clearly reported an increased risk of VFs [24-26].

According to Frost’s mechanostat theory [27], impaired
bone strength may be caused by osteocyte apoptosis and sub-
sequent bone resorption due to insufficient stimulation of the
intraosseous space by skeletal muscles [28]. Surprisingly, lim-
ited knowledge is available concerning muscle functions and
their roles in the occurrence of skeletal complications in pa-
tients with IBD. Interestingly, although no differences in phys-
ical activity have been found between patients with IBD and
healthy controls [29, 30], several studies have described lean
muscle mass deficitat time of diagnosis in these patients using
DXA orpQCT([10,16,31,32]. This deficitis evident not only
in adults [33] but also in adolescents with CD in whom an up
to 6% reduction in lean mass has been observed [32]. The
impairment of skeletal muscles in IBD patients appears to be
multifactorial. In addition to malnutrition and CS therapy, the
inflammatory process itself may play a role. Rather than in-
creased protein degradation, muscle loss appears to be caused
by disruption of the proteosynthetic IGF1/Akt pathway [33].
High IL-6 levels, which have previously been noted in IBD
patients [34], have been linked to a decrease in the expression
ofthe pro-myogenic factor IGF-1 [35] and thus impairment of
Akt activity and the anabolic GH/IGF-1 pathway. Increased
oxidative stress may also play a role [33].

We hypothesized that the musculoskeletal system, espe-
cially bone strength and muscle functions, was impaired in
children with IBD. The aims of this study were as follows:
(1) to characterize the muscle-bone unit in children and ado-
lescents with IBD using pQCT and jumping mechanography;
(2) toassessthe prevalence of VFsusinglateral thoracolumbar
spine X-ray; (3) to determine the vitamin D serum levels; and
(4) to determine the clinical and laboratory predictors of key
muscle and bone parameters.

Participants and methods
Participants

This cross-sectional study included 70 Caucasian children and
adolescents (39 boys) with IBD (53 CD and 17 UC), all of
whom were regularly monitored at a tertiary referral IBD cen-
ter. Between 2011 and 2013, 82 patients eligible for inclusion
in this study were invited to participate. The inclusion criteria
were as follows: (1) age between 6 and 19 years and (2) a
confirmed diagnosis of IBD based on the Porto criteria [ 1].
The exclusion criteria were as follows: (1) any disease
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affecting bone metabolism, with the exception of long-term
controlled autoimmune thyroiditis; (2) pregnancy; (3) a histo-
ry of extensive surgery of the small bowel; (4) total parenteral
nutrition; (5) vitamin D or calcium supplementation 2 months
prior to enrollment in the study; and (6) growth hormone
therapy. Out of the 82 screened patients, 12 were excluded
from the study (4 underwent small bowel resection of more
than 30 cm long, 2 required total parenteral nutrition, and 6
patients did not consent with the inclusion in the study). Out of
the 12 excluded patients, 2 were diagnosed with UC, and 10
with CD. Although the excluded patients were significantly
older than the patients included in the study (median age 16.8
and 13.8 years, respectively, p = 0.002), we found no differ-
ence in Z-scores for height (median Z-score — 0.38 and - 0.78,
respectively, p = 0.4), weight (median Z-score — 0.28 and —
0.53, respectively,p=1.0) or BMI (median Z-score — 0.19 and
— 0.27, respectively, p = 0.5) between the groups. Disease
activity index (PCDAI or PUCALI) at the time of the screening
was available in 7 excluded patients with no difference when
compared to the scores of the included patients (median 5.0
and 7.5, respectively, p = 0.5).

The study was approved by the Ethics Committee of the
Motol University Hospital and was in compliance with the
DeclarationofHelsinki. Writteninformed consent was obtain-
ed from all participating patients and their parents or legal
guardians.

Anthropometry

Body height was measured to the nearest | mm using an
anthropometer (A-226 manufactured by Trystom in
Olomouc, Czech Republic). Body weight was measured in
light clothing or underwear using an electronic scale to the
nearest 0.1 kg (TH200, manufactured by Tonava in Upice,
Czech Republic). The body mass index (BMI) was calculated
using the formula: body weight [kg]/body height? [m]. Sex-
andage-specific Z-scores were calculated using Czech nation-
al reference data [36].

Dynamic muscle function assessment

The assessment of dynamic muscle functions was conducted
by jumping mechanography (Leonardo Mechanograph®
Ground Reaction Force Platform, manufactured by Novotec
Medical GmbH in Pforzheim, Germany). The mechanograph
consists of two symmetrical force plates that are both
equipped with eight force sensors. The force sensors record
the vertical ground reaction force exerted on the platform ata
frequency of 800 Hz. The signal was analyzed using the soft-
ware provided by the manufacturer (Leonardo
Mechanography GRFP version 4.2).

The single two-legged jump (S2LJ) and multiple one-
legged hopping (M1LH) tests were used for the dynamic

muscle function assessment as described elsewhere [37,
38]. Maximum muscle power (Pmax, W) assessed with the
S2LJ test and maximum muscle force (Fmax, V) assessed
with the M1LH test were normalized to subject’s body mass
(Pmax/imass, W/kg) or weight (Fmawsw, NO unit), respec-
tively, which is the standard procedure within the soft-
ware that aims to ameliorate the dependence of the
measures on body size [38]. The tests were repeated
three times, and only the highest value was selected
for further analysis. Because one of the complications
of IBD in children is a short stature, sex- and height-
specific Z-scores were calculated using our own previ-
ously published reference data [38]. The body mass and
weight were calculated in the resting position prior to
the start of the test using the integrated software.

Bone strength assessment

An XCT 2000 scanner (Stratec Medizintechnik, Pforzheim,
Germany) was used for bone assessment at the non-
dominant tibia. The length of the tibia was measured from
the medial malleolus to the superior margin of the medial
condyle of the tibia to the nearest I mm. A scout scan was
taken to determine the position of the reference line, followed
by two single CT scans with a 0.4-mm voxel size and a 2.0-
mm slice thickness. The scans were taken at distances corre-
sponding to 4 and 66% of the measured bone length. The
trabecular BMD was measured at the distal tibia (4% site).
The cortical BMD and thickness, the total and cortical bone
cross-sectional areas (total bone CSA and cortical bone CSA),
and the polar strength strain index (SSI) were measured at the
proximal tibia (66% site). The images were analyzed, and
numerical values were calculated using the integrated XCT
software, version 6.20 C. Only good quality scans without
movement artifacts were analyzed. To ensure measurement
accuracy, calibration of the scanner was performed once a
week using a phantom provided by the manufacturer. Sex-
and height-specific Z-scores were calculated using published
reference data [39].

Fracture assessment

During the personal interview, information regarding long
bone and VF history was collected using a structured ques-
tionnaire. To ascertain the prevalence of asymptomatic VFs,
lateral thoracolumbar spine X-rays were taken in 65 out of 70
patients. The five patients who did not consent to the lateral
thoracolumbar spine X-ray were not included in the fracture
assessment. The image evaluation was performed by an expe-
rienced observer using the semiquantitative standardized as-
sessment of VFs by Genant [40].
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Biochemical analysis

The following markers were tested as predictors of the mus-
culoskeletal status: serum levels of25-hydroxyvitamin D (25-
OHD, using a chemiluminescent microparticle immunoas-
say); C-reactive protein (CRP, using an immunoturbidimetric
assay) and fecal calprotectin (F-calprotectin, analyzed via the
immunochromatographic ELISA Quantum Blue assay). The
serum levels of parathormone (PTH) were determined using
an electrochemiluminescence immunoassay. The erythrocyte
sedimentation rate (ESR) was measured in the first hour using
the Westergren method. Blood and fecal samples were collect-
ed during the patient’s regular follow-up visit. The muscle and
bone assessment were performed on the same day. The disease
activity was assessed using the Pediatric Crohn’s Disease
Activity Index (PCDAI) [41] and the Pediatric Ulcerative
Colitis Activity Index (PUCAI) [42]. The serum levels of
25-OHD were evaluated based on the most recent global con-
sensus guidelines [43].

Statistical analysis

All data were analyzed using the R statistical software (version
3.2.3) [44]. Continuous variables were described as the me-
dians and interquartile ranges (IQRs). Categorical variables
were described as the absolute frequencies and percentages.
The Z-scores were tested for differences from zero using the
one-sample 7 test. A two-sample ¢ test with Welch'’s approxi-
mation was used to test differences in numerical variables. A
likelihood-ratio test (binomial logistic regression) was used to
test differences in categorical variables. The association be-
tween two numerical variables was measured using multiple
linear regression.

Results
Clinical data

The clinical and biochemical characteristics of the study par-
ticipants according to sex and diagnosis are shown in Table 1.
The median age of the participants was 13.8 years (IQR 11.9—
15.5 years), and the median age at the diagnosis of IBD was
11.2 years (IQR 8.6—13.8 years). The patients with CD were
older and were diagnosed at a later age than patients with UC
(p = 0.024, p = 0.008, respectively). The study participants
showed significantly lower median Z-scores for height and
weight compared to the reference data. Additionally, the pa-
tients with CD were shorter and weighted less than those with
UC. Six patients (8.6% of all) had a BMI < 10th percentile, 3
patients (4.3%) were underweight with a BMI < 3rd percen-
tile, and 5 patients (7.1%) had a BMI > 97th percentile. No
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difference was found in the Z-scores of the anthropometric
measurements between the two sexes.

The cumulative dose of CS therapy was monitored
12 months prior to enrollment in the study. A low dose (the
median cumulative dose was 31.28 mg/kg/year) was pre-
scribed in the steroid-treated patients (N =16).

There were no significant differences between the CD and
UC groups for the F-calprotectin, ESR, PTH, and 25-OHD on
the day of the musculoskeletal examination. Nine out of 55
(16.4%) patients were vitamin D deficient (< 30 nmol/l), 11
(20%) patients were insufficient (30-50 nmol/l) and 35
(63.6%) patients had 25-OHD levels within the normal range
(>50 nmol/l). Significantly higher serum levels of ALP were
noted in the boys and the UC patients compared to the girls
and the patients with CD, respectively. When compared to the
age- and sex-adjusted laboratory reference ranges, the PTH
and ALP serum levels were normal in all but 8 (11%) patients,
whose ALP serum levels were increased.

Dynamic muscle functions and bone density and strength
assessment

The height-specific Z-scores for the key parameters of dynam-
ic muscle function (Pmax/mass and Fmaysw) showed no signif-
icant differences in the children and adolescents with IBD
compared with the reference data (Fig. 1). Pmax Was slightly
decreased (p = 0.032) but was normal after normalization to
body mass.

Significant changes were observed in the BMD and bone
geometry (Fig. 2). In particular, our study participants had a
decreased trabecular BMD (p <0.001) and cortical thickness
(p <0.001). Interestingly, these changes occurred while the
parameters of bone strength index SSI (p =0.01) and cortical
BMD (p<0.001) were significantly increased compared with
their healthy peers.

Lower Z-scores for Pmax/mass (p = 0.005), Fmax/Bw
(» = 0.038), and trabecular BMD (p = 0.002) were noted in
the girls, when compared to the boys.

Predictors of muscle function and bone density

The associations between selected biochemical markers
and the Z-scores of the muscle function and bone density
and strength variables are listed in Table 2. Neither the
serum 25-OHD levels nor serum PTH levels were associat-
ed with the muscle functions or bone density or strength
parameters.

Long bone and vertebral fracture assessment
Of 70 patients, 5 patients (7.1%) had a positive long bone

fracture history. The only reported fractures occurred in either
the radius or ulna. A history of long bone fractures was not
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Table 1 Clinical and biochemical characteristics of IBD patients, stratified by sex and diagnosis
Total (N =70) Boys (N=139) Girls (N=31) Py CD(N=53) UC (N=17) Ps

Age (year) 13.8 (11.9-15.5) 13.4 (11.6-12.8) 143 (12.5-16.3) 0375 14.2(12.7-16.1) 12.3(9.0-14.5) 0.024
Age at diagnosis 11.2 (8.6-13.8) 11.0 (8.5-12.8) 12.6 (8.9-15.0) 0.171 12.6 (9.7-14.1) 9.0 (5.0-11.1) 0.008
Height (Z-score) -0.8 (- 1.6-0.0)*** -0.7 (-1.9-0.0)*** -1 (-1.5-0.0)*** 0.790 -1.2 (-1.9-0.3)*** —0.1 (-0.9-0.4) 0.005
Weight (Z-score) -0.5 (- 1.1-0.3)*** -0.6 (-1.3-0.3)** -0.5(-1.1-0.3)* 0.720 -0.8 (-1.4-0.1)*** 0.3 (-0.5-0.7) 0.039
BMI (Z-score) -0.3 (- 0.9-0.5) -04(-12-05) -02(-0.6-04) 0.584 -0.3 (-0.9-04) 0.2(-0.4-0.7) 0.508
Extraintestinal 65 (93) 36 (92) 29 (94) 0.841 49 (92) 16 (94) 0.813

manifestation (%)
Anti-TNF therapy (%) 44 (63) 25 (64) 19 (61) 0.809 29 (55) 15 (88) 0.008
Patients with CS in last 16 (23) 11(28) 5(16) 0.226 8 (15) 8 (47) 0.009

12 m (%)
PCDAI/PUCAI 7.5 (0.0-12.5) 5.0 (0.0-12.5) 7.5 (0.0-15.6) - 10.0 (5.0-15.6) 0.0 (0.0-5.0) -
CRP [mg/1] 0.8 (0.5-2.8) 0.9 (0.5-3.7) 0.7 (0.5-2.5) 0.539 1.4(0.5-3.9) 0.5(0.5-1.5)  0.009
F-calprotectin [pg/g] 319 (100-1662) 319 (100-1503) 544 (114-1662)  0.522 434 (100—-1800) 242 (100-604) 0.252
ESR [mm/h] 15.5(9.2-22.8) 14.0 (6.0-24.8) 17.5(13.0-22.0)  0.684 17.0(12.2-22.8) 8.5(5.0-16.8) 0.086
PTH [pmol/1] 3.8(2.9-5.4) 4.1(2.9-5.8) 3.6 (3.14.5) 0.616 3.6(2.8-54) 3.8(3.5-5.5) 0.573
25-OHD [nmol/1] 56.5 (42.5-74.1) 57.5(42.5-76.0)  56.5(42.8—-67.4) 0.834 56.1(42.2-67.4)  60.2 (43.6-90.1) 0.302

Data are expressed as the medians (interquartile ranges). The Z-scores were tested for differences from zero using the one-sample ¢ test. Statistically
significant differences are marked with an asterisk: *p < 0.05, **p <0.01, ***p <0.001 vs. healthy children. P value” shows differences between the
sexes. P value® shows differences between the CD and UC patients. Two-sample ¢ test with Welch’s approximation was used to test differences in
numerical variables. A likelihood-ratio test (binomial logistic regression) was used to test the differences in categorical variables

IBD inflammatory bowel disease, CD Crohn’s disease, UC ulcerative colitis, CS corticosterone, TNF tumor necrosis factor, PUCAI Pediatric Ulcerative

Colitis Activity Index, PCDAI Pediatric Crohn’s Disease Activity Index, CRP C-reactive protein, ESR erythrocyte sedimentation rate, PTH parathor-
mone, 25-OHD 25-hydroxycholecalciferol

associated with an impaired trabecular BMD (p = 0.059) or
SSI (p = 0.269). According to Genant’s semiquantitative as-
sessment, a VF (grade 1) was found only in 1 (1.5%) of the

evaluated patients (N = 65). However, a vertebral height re-
duction between 10 and 20% was noted in 18 (27.7%)
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Fig. 1 Dynamic muscle function parameters expressed as sex- and
height-specific Z-scores. The box plots represent the Z-scores distribution.
Themedianand interquartilerange (IQR) values are provided below each
plot. The Z-scores were tested for difference from zero using the one-
sample 7 test. Statistically significant differences are marked with an as-
terisk: *p <0.05
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Fig. 2 Bone mineral density and geometry parameters expressed as sex-
and height-specific Z-scores. The box plots represent the Z-score distri-
bution. The median and interquartile range (IQR) values are provided
below each plot. The Z-scores were tested for difference from zero using
the one-sample rtest. Statistically significant differences are marked with
an asterisk: *p <0.05, **p <0.01, ***p <0.001
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Table 2 Association between selected biochemical parameters and Z-scores for the mechanography and pQCT variables in children and adolescents
with IBD

FaBw P rax/mass Trabecular BMD SSI

PTH ~0.40 (- 1.03 to 0.23)
25-OHD ~0.02 (- 0.06 to 0.02)

~0.03 (- 0.19 to 0.14)
0.00 (- 0.02 to 0.01)

~0.28 (- 0.57 to 0.01)
~0.01 (- 0.03 to 0.01)

~0.10 (- 0.30 t0 0.10)
~0.01 (- 0.02 t0 0.00)

The data are presented as mean estimates (95% confidence intervals) of multiple linear regression. The dependent variables were the Z-scores of the
individual mechanography and pQCT parameters listed inthe upperrow. The explanatory variables were age, sex, disease duration, and the biochemical

parameters shown in the first column
PTH parathormone, 25-OHD 25-hydroxycholecalciferol

patients. The vertebral height reduction was not associated
with trabecular BMD (p = 0.838) or SSI (p = 0.4918).

Discussion

In the present study, we showed that dynamic muscle func-
tions in children and adolescents with IBD were within the
normal reference range, whereas the trabecular BMD and cor-
tical thickness were decreased. This suggests that impaired
bone density and altered bone geometry are not secondary to
insufficient skeletal muscle function but rather caused by the
disease itself.

Our patients presented with no significant differences in
dynamic muscle functions compared with the reference data.
To the best of our knowledge, only three studies have inves-
tigated muscle strength in children and adolescents with IBD,
all of which used a hand dynamometer [6, 30, 45]. In contrast
to our results, the isometric grip strength in these studies was
significantly decreased compared to the healthy population.
Hand dynamometry provides an assessment of the maximal
isometric grip strength of the non-weight-bearing muscles of
the upper extremity, and does not mirror the functional status
of the muscle system in general. Jumping mechanography
assesses muscle coordination and contraction velocity (i.e.,
muscle performance parameters) [46] and representsasimple,
reliable, well reproducible, and widely used method for the
analysis of muscle functions in children and adults [38, 47].
Moreover, a strong correlation between maximum voluntary
muscle force assessed by jumping mechanography and BMC
assessed by pQCT at the tibia was found in the healthy popu-
lation [48] or in girls with Turner syndrome [47]. Therefore,
we attribute the contrary results between the present study and
the previous studies to the use of different methodological
approach.

Weobserved decreased trabecular BMD and cortical thick-
ness, whereas the cortical BMD and bone strength index SSI
were increased in patients with IBD. Several studies were
performed previously to ascertain the BMD in children and
adolescents with IBD, most of which used DXA [4, 13—15].
Theresultsofthese studies showed decreased BMD compared
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to the healthy population [14, 15]. However, in contrast to
pQCT, DXA does not take into account the bone size in the
measured patient. Therefore, data obtained using this method
must be interpreted in relation to the patient’s height.
Furthermore, DXA is limited in its inability to differentiate
bone compartments and to assess bone geometry. In children
with IBD, BMD measured by pQCT was performed at either
the tibia [13, 16, 49] or the radius [6]. The results of these
studies showed, in agreement with our study, significantly
decreased trabecular BMD [6, 13, 16, 49] and normal [16]
or increased [6] cortical BMD.

Bechtold et al. reported altered bone geometry [6] charac-
terized by decreased total and cortical CSA in children and
adolescents with IBD, and Griffin et al. [49] observed de-
creased periosteal and increased endocortical circumference.
Both observations were in accordance with our results, which
revealed a significantly decreased cortical thickness. A de-
creased cortical thickness, low trabecular, and high cortical
BMD inchildrenand adolescents with IBD suggest alterations
in bone turnover (i.e., low-intracortical remodeling resulting
indecreased intracortical porosity). Thismay indicate primary
bone disease caused by inflammation, rather than insufficient
mechanical stimuli caused by decreased muscle function
parameters.

The serum25-OHD levels were not associated with chang-
es in the bone density and geometry or with dynamic muscle
functions. The question of whether vitamin D insufficient pa-
tients with IBD should be supplemented and the recommend-
ed dosage are still subjects of debate. In our recent study [50],
we showed that the administration of 2000 IU of cholecalcif-
erol was associated with an increase in the trabecular BMD
and muscle power in adolescents with IBD. Because this ef-
fect was independent of the serum 25-OHD concentration at
the start of the study, routine supplementation with vitamin D
thus seems to be a reasonable approach for bone strength
improvement in these children, regardless of their vitamin D
status. However, no randomized controlled study has been
published to confirm this observation.

How and to what extent the BMD changes in patients with
IBD influence bone strength and the fracture risk are not en-
tirely clear because the calculated bone strength indices give



Eur J Pediatr (2017) 176:1355-1363

1361

contradictory results. Decreased bone strength measured by
pQCT using the cortical section modulus Zp at the time of
diagnosis and 12 months after the diagnosis was noted by
Dubner et al. [16]. In contrast, we observed a high SSI in
children with IBD compared to the reference. This discrepan-
cy may be due to the different formulas used to calculate the
bone strength indices in the two studies. However, although
osteoporosis is a systemic disease, distinct skeletal sites may
beaffected differently. Clinically, vertebral fractures are a con-
cern in patients evaluated for secondary osteoporosis. The
prevalence of VF in adult patients with IBD is 4.03 times
higher than the prevalence in healthy controls (OR, 4.03;
95% CI, 1.652-9.847) [51]. A similar finding was not con-
firmed in children; nevertheless, a trend toward an increased
risk (OR 2.7, 95% CI 0.8—10.8) was observed [23]. Despite a
significantly decreased trabecular BMD, only one of the pa-
tients who participated in the present study was diagnosed
with asymptomatic VF (Grade 1) using Genant’s semiquanti-
tative method [40]. Another 27.7% of our patients presented
with <20% decrease in vertebral height. In accordance with
the results in adult IBD patients [51], we found no correlation
between the vertebral height reduction and the trabecular
BMD Z-score. This may suggest that a low trabecular BMD
is not the only risk factor for an increased risk of vertebral
fractures in patients with IBD or that a further decrease may be
expected with age, with more VFs occurring later in adult-
hood. We conclude that the inclusion of a single spinal radio-
graph in regular diagnostic procedure is not indicated in
asymptomatic children with IBD.

Limitations

As a limitation of our study, we consider the use of already
published references [39] for the bone density and bone ge-
ometry analyses due to a lack of a control population of our
own. The use of previously published references was neces-
sary because concerns were raised by the ethics committee
over unnecessary radiation exposure despite the very low
dose. Furthermore, serial lateral thoracolumbar spine X-rays
would be required to accurately distinguish VFs from physi-
ological variants in the vertebrae. However, we did not antic-
ipate an increase in the VF rate because only one patient ex-
hibited asymptomatic VF, and the group was stable with re-
gard to disease activity.

The results ofthis study could be influenced by low activity
of IBD in the studied population. All but one patient included
in the study were either in remission or exhibited mild disease
activity. The observed musculoskeletal changes may therefore
be more pronounced in more severe cases of IBD. However,
as IBD control is improving due to the use of modern thera-
peutics [2] and because we excluded only small part of our
IBD patients with a comparable disease activity index, we are

convinced that this group represents today’s children with
IBD.

Due to the cross-sectional design of this study, we cannot
comment on the potential benefits of vitamin D supplementa-
tion on the musculoskeletal system in children with IBD.
However, this issue was the aim of our interventional study,
which showed a positive effect of 2000 IU of cholecalciferol
[50].

Conclusion

Children and adolescents with IBD have decreased trabec-
ular BMD, but normal muscle functions. Bone impairment
is most likely a direct effect of IBD, independent either on
25-OHD-deficiency or decreased muscle power or force.
Thoracolumbar spine X-ray should be indicated on an indi-
vidual basis and not routinely implemented as a screening
approach in children with IBD.

Acknowledgements and funding We would like to acknowledge all
patients and their families who have participated in this study. Many
thanks to Dr. Renata Mynarova for her expert vertebral fracture assess-
ment as well as for scoring the deformities according to Genant.

This project was partially supported by the Ministry of Health,
Czech Republic (Project for conceptual development of research organi-
zation 00064203; Motol University Hospital, Prague, Czech Republic)
and by the Charles University Grant Agency (GAUK No. 136215, and
No. 246216).

Authors’ Contributions

Klara Maratova and Jana Matyskova performed the pQCT and
mechanography assessment. Ondrej Hradsky provided the statistical anal-
yses. Ivana Copova, Ondrej Hradsky, and Jiri Bronsky recruited the pa-
tients. Ondrej Soucek, Zdenek Sumnik, and KlaraMaratova wererespon-
sible for interpretation of the data and drafted the paper. All co-authors
revised the final version ofthe manuscriptand approved it for publication.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Levine A, Koletzko S, Turner D et al (2014) ESPGHAN revised
porto criteria for the diagnosis of inflammatory bowel disease in
children and adolescents. J Pediatr Gastroenterol Nutr 58:795—-806.
doi:10.1097/MPG.0000000000000239

@ Springer


http://dx.doi.org/10.1097/MPG.0000000000000239

1362

Eur J Pediatr (2017) 176:1355-1363

10.

14.

17.

18.

Ruemmele FM, Veres G, Kolho KL et al (2014) Consensus guide-
lines of ECCO/ESPGHAN on the medical management of pediatric
Crohn’s disease. J Crohn's Colitis 8:1179—1207. doi:10.1016/j.
crohns.2014.04.005

Turner D, Levine A, Escher JC et al (2012) Management of
Pediatric Ulcerative Colitis. J Pediatr Gastroenterol Nutr 55:340—
361. doi:10.1097/MPG.0b013¢3182662233

Song SM, Kim Y, Oh SH, Kim KM (2014) Nutritional status and
growth in Korean children with Crohn’s disease: a single-center
study. Gut Liver 8:500-507. doi:10.5009/gnl13183

Harpavat M, Greenspan SL, O’'Brien C et al (2005) Altered bone
mass in children at diagnosis of Crohn disease: a pilot study. J
Pediatr Gastroenterol Nutr 40:295-300. doi:10.1097/01.mpg.
0000153278.98861.32

Bechtold S, Alberer M, Arenz T et al (2010) Reduced muscle mass
and bone size in pediatric patients with inflammatory bowel dis-
ease. Inflamm Bowel Dis 16:216-225. doi:10.1002/ibd.21021
Sabatier JP, Guaydier-Souquieres G, Laroche D et al (1996) Bone
mineral acquisitionduringadolescenceand early adulthood: astudy
in 574 healthy females 10-24 years of age. Osteoporos Int 6:141—
148. doi:10.1007/b101623938

Pappa H, Thayu M, Sylvester F et al (2011) Skeletal health of
children and adolescents with inflammatory bowel disease. J
Pediatr Gastroenterol Nutr 53:11-25. doi:10.1097/MPG.
0b013e31821988a3

Weinstein R, Jilka R, Parfitt A, Manolagas S (1998) Inhibition of
osteoblastogenesis and promotion of apoptosis of osteoblasts and
osteocytes by glucocorticoids. Potencial mechanism of their dele-
terious effects on bone. J Clin Invest 102:274-282. doi:10.1172/
jci2799

Burnham JM, Shults J, Semeao E et al (2004) Whole body BMC in
pediatric Crohndisease: independent effects ofaltered growth, mat-
uration, and body composition. ] Bone Min Res 19:1961-1968.
doi:10.1359/jbmr.040908

Abraham BP, Prasad P, Malaty HM (2014) Vitamin D deficiency
and corticosteroid use are risk factors for low bone mineral density
ininflammatorybowel disease patients. Dig Dis Sci59:1878—1884.
doi:10.1007/s10620-014-3102-x

Veerappan SG, O’Morain CA, Daly JS, Ryan BM (2011) Review
article: the effects of antitumour necrosis factor-a on bone metab-
olism in inflammatory bowel disease. Aliment Pharmacol Ther 33:
1261-1272. doi:10.1111/1.1365-2036.2011.04667 x

Tsampalieros A, Berkenstock MK, Zemel BS et al (2014) Changes
in trabecular bone density in incident pediatric Crohn’s disease: a
comparison of imaging methods. Osteoporos Int 25:1875—-1883.
doi:10.1007/s00198-014-2701-x

Laakso S, Valta H, Verkasalo M, et al (2014) Compromised peak
bone mass in patients with inflammatory bowel disease-a prospec-
tive study. J Pediatr 164:1436—1443.e1. doi: 10.1016/j.jpeds.2014.
01.073

Ward LM, Rauch F, Matzinger MA et al (2010) Iliac bone
histomorphometry in children with newly diagnosed inflammatory
bowel disease. Osteoporos Int 21:331-337. doi:10.1007/s00198-
009-0969-z

Dubner SE, Shults J, Baldassano RN et al (2009) Longitudinal
assessment of bone density and structure in an incident cohort of
children with Crohn’s disease. Gastroenterology 136:123—130. doi:
10.1053/j.gastro.2008.09.072

Schmidt S, Mellstrom D, Norjavaara E et al (2009) Low bone
mineral density in children and adolescents with inflammatory
bowel disease: a population-based study from western Sweden.
Inflamm Bowel Dis 15:1844—1850. doi:10.1002/ibd.20962
WongSC, Catto-Smith AGA, ZacharinM (2014) Pathological frac-
tures in paediatric patients with inflammatory bowel disease. Eur J
Pediatr 173:141-151. doi:10.1007/s00431-013-2174-5

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Cowan FJ, Parker DR, Jenkins HR (1995) Osteopenia in Crohn’s
disease. Arch Dis Child 73:255-256

Semeao E, Stallings V,Peck S, Piccoli D (1997) Vertebral compres-
sion fractures in pediatric patients with Crohn’s disease.
Gastroenterology 112:1710—-1713. doi:10.1016/s0016-5085(97)
70055-6

Lucarelli S, Borrelli O, Paganelli M et al (2006) Vertebral fractures
andincreased sensitivity tocorticosteroids ina child with ulcerative
colitis: successful use of pamidronate. J Pediatr Gastroenterol Nutr
43:533-535. doi:10.1097/01.mpg.0000249535.34676.d4

Thearle M, Horlick M, Bilezikian JP et al (2000) Osteoporosis: an
unusual presentation of childhood Crohn’s disease. J Clin
Endocrinol Metab 85:2122-2126.d0i:10.1210/j¢.85.6.2122
Kappelman MD, Galanko JA, Porter CQ, Sandler RS (2011) Risk
of diagnosed fractures in children with inflammatory bowel dis-
eases. Inflamm Bowel Dis 17:1125—1130. doi:10.1002/ibd.21472
Klaus J, Armbrecht G, Steinkamp M et al (2002) High prevalence
of osteoporotic vertebral fractures in patients with Crohn’s disease.
Gut 51:654—658. doi:10.1136/gut.51.5.654

Vestergaard P, Krogh K, Rejnmark L et al (2000) Fracture risk is
increased in Crohn’s disease, but not in ulcerative colitis. Gut 46:
176—-181. doi:10.1136/gut.46.2.176

van Staa TP, Cooper C, Brusse LS et al (2003) Inflammatory bowel
disease and the risk of fracture. Gastroenterology 125:1591-1597.
doi:10.1053/j.gastro.2003.09.027

Frost HM (1987) Bone Bmass” and the Bmechanostat”: a proposal.
Anat Rec 219:1-9. doi:10.1002/ar.1092190104

Hughes JM, Petit MA (2010) Biological underpinnings of frost's
mechanostat thresholds: the important role of osteocytes. J
Musculoskelet Neuronal Interact 10:128—135

Boot AM, BouquetJ, Krenning EP,de Muinck Keizer-Schrama SM
(1998) Bone mineral density and nutritional status in children with
chronic inflammatory bowel disease. Gut 42:188—194. doi:10.
1136/gut.42.2.188

Werkstetter KJ, Ullrich J, Schatz SB et al (2012) Lean body mass,
physical activity and quality of life in paediatric patients with in-
flammatory bowel disease and in healthy controls. J Crohn's Colitis
6:665—673. doi:10.1016/j.crohns.2011.11.017

ThayuM, Denson LA, Shults J etal (2010) Determinants of chang-
es in linear growth and body composition in incident pediatric
Crohn’s disease. Gastroenterology 139:430—438. doi:10.1053/j.
gastro.2010.04.044

Burnham JM, Shults J, Semeao E et al (2005) Body-composition
alterations consistent with cachexia in children and young adults
with Crohn disease. Am J Clin Nutr82:413—420

Van Langenberg DR, Gatta P Della, Hill B, et al (2014) Delving
into disability in Crohn’s disease: dysregulation of molecular path-
ways may explain skeletal muscle loss in Crohn’s disease. J Crohn's
Colitis 8:626—634. doi: 10.1016/j.crohns.2013.11.024

Van Langenberg DR, Della Gatta P, Warmington SA et al (2014)
Objectively measured muscle fatigue in Crohn’s disease: correla-
tion with self-reported fatigue and associated factors for clinical
application. J Crohn's Colitis 8:137—146. doi:10.1016/j.crohns.
2013.07.006

Ahmed TA, Buzzelli MD, Lang CH et al (2007) Interleukin-6 in-
hibits growth hormone-mediated gene expression in hepatocytes.
AmJ Physiol - Gastrointest Liver Physiol 292:1793—1803. doi: 10.
1152/ajpgi.00547.2006

Kobzova J, Vignerova J, Blaha P et al (2004) The 6th nationwide
anthropological survey of children and adolescents in the
Czech Republic in 2001. Cent Eur J Public Health 12:126—130
Veilleux LN, Rauch F (2010) Reproducibility of jumping
mechanography in healthy children and adults. ] Musculoskelet
Neuronal Interact 10:256—-266


http://dx.doi.org/10.1016/j.crohns.2014.04.005
http://dx.doi.org/10.1016/j.crohns.2014.04.005
http://dx.doi.org/10.1016/j.crohns.2014.04.005
http://dx.doi.org/10.1097/MPG.0b013e3182662233
http://dx.doi.org/10.5009/gnl13183
http://dx.doi.org/10.1097/01.mpg.0000153278.98861.32
http://dx.doi.org/10.1097/01.mpg.0000153278.98861.32
http://dx.doi.org/10.1097/01.mpg.0000153278.98861.32
http://dx.doi.org/10.1002/ibd.21021
http://dx.doi.org/10.1007/bf01623938
http://dx.doi.org/10.1097/MPG.0b013e31821988a3
http://dx.doi.org/10.1097/MPG.0b013e31821988a3
http://dx.doi.org/10.1097/MPG.0b013e31821988a3
http://dx.doi.org/10.1172/jci2799
http://dx.doi.org/10.1172/jci2799
http://dx.doi.org/10.1172/jci2799
http://dx.doi.org/10.1359/jbmr.040908
http://dx.doi.org/10.1007/s10620-014-3102-x
http://dx.doi.org/10.1111/j.1365-2036.2011.04667.x
http://dx.doi.org/10.1007/s00198-014-2701-x
http://dx.doi.org/10.1016/j.jpeds.2014.01.073
http://dx.doi.org/10.1016/j.jpeds.2014.01.073
http://dx.doi.org/10.1016/j.jpeds.2014.01.073
http://dx.doi.org/10.1007/s00198-009-0969-z
http://dx.doi.org/10.1007/s00198-009-0969-z
http://dx.doi.org/10.1007/s00198-009-0969-z
http://dx.doi.org/10.1053/j.gastro.2008.09.072
http://dx.doi.org/10.1053/j.gastro.2008.09.072
http://dx.doi.org/10.1002/ibd.20962
http://dx.doi.org/10.1007/s00431-013-2174-5
http://dx.doi.org/10.1016/s0016-5085(97)70055-6
http://dx.doi.org/10.1016/s0016-5085(97)70055-6
http://dx.doi.org/10.1016/s0016-5085(97)70055-6
http://dx.doi.org/10.1097/01.mpg.0000249535.34676.d4
http://dx.doi.org/10.1210/jc.85.6.2122
http://dx.doi.org/10.1002/ibd.21472
http://dx.doi.org/10.1136/gut.51.5.654
http://dx.doi.org/10.1136/gut.46.2.176
http://dx.doi.org/10.1053/j.gastro.2003.09.027
http://dx.doi.org/10.1002/ar.1092190104
http://dx.doi.org/10.1136/gut.42.2.188
http://dx.doi.org/10.1136/gut.42.2.188
http://dx.doi.org/10.1136/gut.42.2.188
http://dx.doi.org/10.1016/j.crohns.2011.11.017
http://dx.doi.org/10.1053/j.gastro.2010.04.044
http://dx.doi.org/10.1053/j.gastro.2010.04.044
http://dx.doi.org/10.1053/j.gastro.2010.04.044
http://dx.doi.org/10.1016/j.crohns.2013.11.024
http://dx.doi.org/10.1016/j.crohns.2013.07.006
http://dx.doi.org/10.1016/j.crohns.2013.07.006
http://dx.doi.org/10.1016/j.crohns.2013.07.006
http://dx.doi.org/10.1152/ajpgi.00547.2006
http://dx.doi.org/10.1152/ajpgi.00547.2006
http://dx.doi.org/10.1152/ajpgi.00547.2006

Eur J Pediatr (2017) 176:1355-1363

1363

38.

39.

40.

41.

42.

43.

44,

45.

Sumnik Z, Matyskova J, Hlavka Z et al (2013) Reference data for
jumping mechanography in healthy children and adolescents aged
6—18 years. ] Musculoskelet Neuronal Interact 13:297-311
Moyer-Mileur LJ, Quick JL, Murray MA (2008) Peripheral quan-
titative computed tomography of the tibia: pediatric reference
values. J Clin Densitom 11:1-12. doi:10.1016/j.jocd.2007.11.002
Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral
fracture assessment using a semiquantitative technique. J Bone
Miner Res 8:1137—1148. doi:10.1002/jbmr.5650080915

Hyams JS, Ferry GD, Mandel FS et al (1991) Development and
validation of a pediatric Crohn’s disease activity index. J Pediatr
Gastroenterol Nutr 12:439-447

Turner D, Otley AR, Mack D etal (2007) Development, validation,
and evaluation of a pediatric ulcerative colitis activity index: a pro-
spective multicenter study. Gastroenterology 133:423—432. doi: 10.
1053/j.gastro.2007.05.029

Munns CF, Shaw N, Kiely M et al (2016) Global consensus recom-
mendations on prevention and management of nutritional rickets.
Horm Res Paediatr 85:83—106. doi:10.1159/000443136

R Core Team (2015) R: a language and environment for statistical
computing.

Werkstetter KJ, Schatz SB, Alberer M et al (2013) Influence of
exclusive enteral nutrition therapy on bone density and geometry
in newly diagnosed pediatric Crohn’s disease patients. Ann Nutr
Metab 63:10—16. doi:10.1159/000350369

46.

47.

48.

49.

50.

S1.

Rauch F, Neu CM, Wassmer G et al (2002) Muscle analysis by
measurement of maximal isometric grip force: new reference data
andclinicalapplicationsinpediatrics. PediatrRes 51:505-510.doi:
10.1203/00006450-200204000-00017

Soucek O, Matyskova J, Anliker E et al (2015) The muscle-bone
interaction in Turner syndrome. Bone 74:160—165. doi:10.1016/].
bone.2015.01.017

Anliker E, Rawer R, Boutellier U, Toigo M (2011) Maximum
ground reaction force in relation to tibial bone mass in children
and adults. Med Sci Sports Exerc 43:2102—2109. doi:10.1249/
mss.0b013e31821c4661

Griffin LM, Thayu M, Baldassano RN et al (2015) Improvements
in bone density and structure during snti-TNF-alpha therapy in
pediatric Crohn’s disease. J Clin Endocrinol Metab 100:2630—
2639. doi:10.1210/jc.2014-4152

Hradsky O, Soucek O, Maratova K et al (2017) Inflammatory
Bowel Diseases Supplementation with 2 000 IU of cholecalciferol
is associated with improvement of trabecular bone mineral density
and muscle power in pediatric patients with IBD. Inflamm Bowel
Dis 23:514-523. doi:10.1097/MIB.0000000000001047

Vazquez MA, Lopez E, Montoya MJ et al (2012) Vertebral frac-
tures in patients with inflammatory bowel disease compared with a
healthy population: a prospective case-control study. BMC
Gastroenterol 12:47. doi:10.1186/1471-230x-12-47

@ Springer


http://dx.doi.org/10.1016/j.jocd.2007.11.002
http://dx.doi.org/10.1002/jbmr.5650080915
http://dx.doi.org/10.1053/j.gastro.2007.05.029
http://dx.doi.org/10.1053/j.gastro.2007.05.029
http://dx.doi.org/10.1053/j.gastro.2007.05.029
http://dx.doi.org/10.1159/000443136
http://dx.doi.org/10.1159/000350369
http://dx.doi.org/10.1203/00006450-200204000-00017
http://dx.doi.org/10.1203/00006450-200204000-00017
http://dx.doi.org/10.1016/j.bone.2015.01.017
http://dx.doi.org/10.1016/j.bone.2015.01.017
http://dx.doi.org/10.1016/j.bone.2015.01.017
http://dx.doi.org/10.1249/mss.0b013e31821c4661
http://dx.doi.org/10.1249/mss.0b013e31821c4661
http://dx.doi.org/10.1249/mss.0b013e31821c4661
http://dx.doi.org/10.1210/jc.2014-4152
http://dx.doi.org/10.1097/MIB.0000000000001047
http://dx.doi.org/10.1186/1471-230x-12-47

Future DirecTiONS AND METHODS IN IBD RESEARCH

Supplementation with 2000 IU of Cholecalciferol Is Associated
withImprovementofTrabecular Bone Mineral Densityand
Muscle Power in Pediatric Patients with IBD

Ondrej Hradsky, MD, PhD, Ondrej Soucek, MD, PhD, Klara Maratova, MS, Jana Matyskova, MS,
Ivana Copova, MD, Kristyna Zarubova, MD, Jiri Bronsky, MD, PhD, and Zdenek Sumnik, MD, PhD

Background: Inflammatory bowel diseases (IBD) are associated with altered bone health and increased risk for fractures. Vitamin D deficiency is
frequently found in IBD; however, the effect of vitamin D supplementation on bone health of children with IBD is poorly understood. We aimed to
observe the changes in volumetric bone density and dynamic muscle functions after vitamin D substitution in a cohort of pediatric patients with IBD.
Methods: This was a prospective observational study of 55 patients (aged 5—19 years) with IBD. Bone quality was assessed using peripheral
quantitative computed tomography and muscle functions by jumping mechanography at baseline and after a median of 13.8 (interquartile range, 12.0—
16.0) months of daily substitution of 2000 IU of cholecalciferol.

Results: Median serum levels of 25-hydroxyvitamin D increased from 58 nmol/L at the baseline visit to 85 nmol/L at the last follow-up visit (P ,
0.001); no signs of overdose were reported. The Z-scores of trabecular bone mineral density, cortical bone cross-sectional area, and maximal muscle
power improved significantly during the follow-up period (+0.5, P ¥4 0.001, +0.3, P ¥4 0.002 and +0.5, P ¥4 0.002, respectively). Cholecalciferol
substitution was positively associated with trabecular bone mineral density and maximal muscle power (estimates 0.26, 95% confidence interval
0.14-0.37,P, 0.0001 and 0.60,95% confidence interval 0.32—0.85, P, 0.0001, respectively) but not with the Strength—Strain Index or maximal
muscle force (Fmax).

Conclusions: We observed an improvement in bone and muscle parameters after cholecalciferol substitution in pediatric patients with IBD. Therefore,

vitamin D substitution can be considered in such patients.

(Inflamm Bowel Dis 2017;23:514-523)

Key Words: vitamin D, inflammatory bowel disease, bone mineral density, muscle strength

nflammatory bowel diseases (IBD) are chronic relapsing disor-
ders associated with altered bone health,'-® increased risk for
bone fractures,’"'? and, probably, impaired muscle function.®’
The possible risk factors associated with bone fragility include
disease activity, prolonged treatment with corticosteroids, malab-
sorption, vitamin D deficiency, impaired muscle function, com-
promised linear growth, and delayed puberty.'3
Vitamin D is an important factor for bone health.'* Vitamin D
deficiency seems to be highly prevalent among pediatric patients
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with IBD,'>1¢ and some (but not all'?) studies have shown that
patients with IBD present with lower 25-hydroxyvitamin D
(250HD) serum levels compared with those observed in the
healthy population.'® Winter season, dark skin, involvement of
the upper gastrointestinal tract (in Crohn’s disease [CD]), more
severe disease course, low serum albumin level, low body mass
index, and low weight Z-score were identified as risk factors for
lower 250HD in pediatric patients with IBD.'>!%1920 [n contrast to
adults,?' 250HD levels were not correlated with bone mineral con-
tent in cross-sectional studies in children with IBD.>!

Although different administration regimes of vitamin D have
been tested in pediatric patients with IBD,?>* the appropriate
mode and dosage of supplementation is unclear. Based on a recent
randomized controlled trial,?* daily oral administration of 2000 IU
of cholecalciferol seems to be safe; however, it is still challenging
to achieve a 250HD concentration above 80 nmol/L during the
whole year, which was the primary endpoint of this study.

The rationale for cholecalciferol supplementation in chronic
diseases is based on the established effect of vitamin D on
bone mineralization mediated by calcium absorption from the gut.
Little is known about the effect of vitamin D on skeletal muscles;
however, animal studies have shown its positive role in the
regulation of myogenesis.?

Inflamm Bowel Dis + Volume 23, Number4, April2017
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Owing to the insufficient data, a recent meta-analysis of
randomized controlled trials (RCTs) on the efficacy of vitamin D
supplementation on bone mineral density (BMD) in patients with
IBD failed to reach a conclusion.?® A pediatric study by Bench-
imol et al?’ failed to show a difference in the improvement of
BMD between patients treated with 50,000 TU of 250HD once
per month and patients supplemented with calcium alone.
Although some RCTs showed a positive effect of vitamin D
supplementation on bone quality in healthy children,?®=3! other
studies failed to find a significant impact on BMD.3?3? Similarly,
the impact of vitamin D supplementation on muscle function is
still unclear. While a study showed that parenteral vitamin D
supplementation did not significantly improve muscle function
in healthy adolescent girls,’ another recent association study
showed significantly higher muscle strength in boys with serum
levels of 250HD in the highest tertile compared with those with
serum levels of 250HD in the lowest tertile.?

Primary and Secondary Aims

The primary aim of our study was to observe the changes in
bone quality parameters measured by peripheral quantitative
computed tomography (pQCT) and dynamic muscle functions
assessed by jumping mechanography after daily substitution of
2000 IU of cholecalciferol for 12 months in a cohort of pediatric
patients with IBD. Secondarily, we assessed the changes in
250HD serum levels and tried to find potential predictors
(baseline values of bone and muscle characteristics, anthropo-
metric parameters, and 250HD levels) to determine patients
suitable for vitamin D substitution.

MATERIALS AND METHODS

Design and Subjects

The study was designed as a longitudinal prospective
observational study. Between 2011 and 2013, we screened all
pediatric patients with IBD followed at our tertiary referral center,
for eligibility (Fig. 1) to enter this study. Patients aged between 5
and 19 years, those who were diagnosed with IBD based on Porto
criteria’®37 and those who showed a willingness to participate in
the study were included. Patients who had other disease that has
a known impact on the muscle—bone unit (patients with com-
pensated autoimmune thyroiditis were not excluded), those who
showed noncompliance to treatment, pregnant women, patients
who had undergone extensive small bowel surgery, and those on
total parenteral nutrition and growth hormone therapy were
excluded. Among the 70 patients who were enrolled, 55 (79%)
completed the study.

The blood sampling, bone density and strength assessment,
and muscle function analyses were performed at the initiation
(baseline visit) and then between 12 and 24 months (median 13.8
months, interquartile range 12.0—16.0) of vitamin D supplemen-
tation (last follow-up visit). Regular clinical follow-up of the
patients was conducted between these visits, at intervals of 2 to

Assessment of eligibility Inclusion criteria not met

(n=8s) - Did not wish to participate (n=15)

- Excluded
Met inclusion criteria

= Me n=2)
(n=T0)

l

Patients included in the study (n=58)

- Lost in follow-up (n=13)

FIGURE 1. Flowchart of pediatric patients with IBD.

3 months. We had retrospectively collected the basic character-
istics of the patients and applied the Montreal classification at the
time of diagnosis. The cumulative dose of corticosteroids over 12
months before initiation of vitamin D supplementation was cal-
culated and the percentage of patients treated with corticosteroids
was noted. The information about treatment was collected at
every visit.

Vitamin D Supplementation

No patient received any regular substitution of vitamin D or
calcium at the screening visit. Enteral nutrition was not considered
as supplementation. Three months after the screening visit, all
patients were prescribed 2000 IU of cholecalciferol (oral drops)
(Vigantol; Merck KGaA, Darmstadt, Germany) daily. The levels
of 250HD were tested every 2 to 3 months, during the regular
follow-up.

Disease Activity and Laboratory Parameters

We obtained blood samples and assessed disease activity on
the day of the muscle and bone assessment (baseline and last
follow-up) and during interim outpatient clinic visits. Activity of
the disease was assessed using the pediatric ulcerative colitis
activity index (PUCAI) in patients with ulcerative colitis (UC) and
using pediatric Crohn’s disease activity index (PCDAI) in combi-
nation with C-reactive protein in patients with Crohn’s disease
(CD). The remission was defined as pediatric ulcerative colitis
activity index , 10 points in patients with UC and pediatric Crohn’s
disease activity index , 10 points in combination with C-reactive
protein , 5 mg/L in patients with CD. Simultaneously, we tested
the erythrocyte sedimentation rate, the levels of serum albumin,
parathormone (electrochemiluminescence immunoassay), serum
calcium, and full blood count. The levels of 250HD were deter-
mined using chemiluminescent microparticle immunoassay.

Anthropometry

The body height was measured to the nearest 1 mm, using
the anthropometer A-226 (Trystom, Olomouc, Czech Republic).
Body weight was measured to the nearest 0.1 kg (with the patients
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wearing just their underwear), using an electronic scale (TH200;
Tonava, Upice, Czech Republic). The body mass index was
calculated using the formula: body weight (kg)/body height? (m).
Gender- and age-specific Z-scores were calculated using Czech
national reference data.*®

Dynamic Muscle Function Assessment

Dynamic muscle functions were assessed using jumping
mechanography (Leonardo Mechanograph Ground Reaction Force
Plate; Novotec Medical GmbH, Pforzheim, Germany), as described
elsewhere.® The mechanograph consists of two symmetrical force
plates, each equipped with eight force sensors. The force sensors
record the vertical ground reaction force exerted on the platform at
the frequency of 800 Hz.* The signal was analyzed using the soft-
ware provided by the manufacturer (Leonardo Mechanography
GRFP version 4.2). Single two-leg jumping and multiple one-leg
hopping tests were used to assess the dynamic muscle functions.
Maximal muscle power (Pmax, W) and maximal power adjusted for
the body mass (Pmax/mass, W/kg) of the patients were assessed using
the single two-legged jumping test. Maximal muscle force (Fax, N)
and maximal force adjusted for the body weight (Fa/body weight,
no unit) of the patients were assessed using the multiple one-leg
hopping test. The tests were repeated three times and only the high-
est value recorded was selected for further analysis. Gender- and
height-specific Z-scores were calculated using previously published
reference data.*® Body mass and body weight were calculated in the
resting position before starting the test, using the integrated software.

Bone Strength Assessment

In this study, pQCT scanner XCT 2000 (Stratec Medi-
zintechnik, Pforzheim, Germany) was used for bone analyses at
the nondominant tibia. The length of the tibia was measured to the
nearest 1 mm, from the medial malleolus to the superior margin of
the medial condyle of the tibia. To determine the position of the
distal tibial growth plate and to adjust the reference lines, a scout
scan was performed, followed by two single scans with 0.4-mm
voxel size and 2.0-mm slice thickness. These scans were
performed at a distances corresponding to the 4% and 66% of
the measured bone length. At the distal tibia (4% site), trabecular
BMD was measured. At the proximal tibia (66% site), the cortical
BMD and thickness, total and cortical bone cross-sectional area
(total cross-sectional area (CSA), cortical CSA), and the polar
Strength—Strain Index were measured. The images were analyzed
and numerical values were calculated using the integrated XCT
software, version 6.20 C. Only good-quality scans without move-
ment artifacts were used for further analysis. Gender- and height-
specific Z-scores were calculated using the reference data
published by Moyer-Mileur et al.' To insure the accuracy of
measurement, the scanner was calibrated once a week using
a phantom provided by the manufacturer.

Statistical Analysis
All data were analyzed using R statistical software (version

3.2.3).# Continuous variables were described as median and

516 | www.ibdjournal.org

interquartile range. Categorical variables were described as abso-
lute frequencies and percentages. The Z-scores were tested for
difference from zero using the one sample #-test. A linear mixed
model (R package “Ime4™ and “ImerTest™*) was used to test the
effect of cholecalciferol substitution on 250HD levels during the
study period and on the anthropometric, mechanographic, and
pQCT characteristics at the baseline and last visit. The selection
of the variables included in the regression models was based on
the Akaike information criterion, using automatic backward elim-
ination of all effects of the linear mixed effects model. To test
whether the changes of bone and muscle characteristics truly
depend on cholecalciferol substitution, we constructed the linear
mixed model where trabecular BMD, Strength—Strain Index,
Prax, Pmax/mass, Fmax, or Fma/body weight Z-scores were the
outcomes, and cholecalciferol substitution, the duration of cho-
lecalciferol substitution, body weight, the diagnosis (CD or UC),
disease activity (remission), age at baseline visit, the duration of
disease treatment at baseline visit, the proportion of patients on
corticosteroids during the last 12 months and, in the case when
bone parameters were used as outcomes, the Z-scores of P,
Pmax/mass, Frax, and Fra/body weight and the other bone mea-
sure (Strength—Strain Index or trabecular BMD Z-scores) and, in
case when muscle parameters were used as outcomes, the Z-
scores of trabecular BMD and Strength—Strain Index were used
as predictors.

To determine the predictors of improvement of trabecular
BMD Z-score and P./mass Z-score, we used linear regression
modeling. The models testing each predictor (baseline outcome
value, e.g., trabecular BMD Z-score at baseline or Py,/mass Z-
score at baseline, 250HD levels at baseline, corticosteroids
administered last year as categorical variables, and remission at
baseline) were adjusted for age, sex, duration of substitution, and
disease (CD versus UC). These predictors and covariables were
selected according to the clinical consideration. P values less than
0.05 were considered statistically significant. All P values were
two sided.

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

RESULTS

Baseline Patient Characteristics

Patient characteristics and Montreal classification® are
summarized in Table 1. Complete assessment of dynamic muscle
functions by jumping mechanography could not be performed in
only one patient because of her acute physical condition.

Changes in Anthropometric Characteristics
Our patients were slightly shorter and lighter than healthy
subjects ofthe same age (P , 0.001 for both). Anthropometric
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TABLE 1. Demographic Characteristics of Patients and Montreal Classification of IBD

CD ucC All

No. of patients (%) 38 (69) 17 (31) 55
Age at diagnosis, yr 12.3 (10.1-13.4) 9(5.0-11.1) 11.2 (8.4-12.9)
Age at baseline visit, yr 14.3 (12.8-15.7) 12.3 (9.0-14.5) 13.5(12.0-15.4)
Study follow-up, yr 1.2 (1.0-1.4) 1.1(1.0-1.3) 1.1 (1.0-1.3)
Sex, male (%) 19 (50) 11 (65) 30(55)
Localization

L1 9(24)

L2 11(29)

L3 18 (47)
Upper GI involvement 16 (42)
Behavior

Bl 26 (68)

B2 12 (32)

B3 0
Perianal disease 6 (16)
Extension

El 1(6)

E2 4 (24)

E3 12 (71)
Severity

S1 2 (12)

S2 10 (59)

S3 5(29)

S4 0
Extraintestinal manifestation 3(8) 1 (6) 4(7)

The medians and interquartile ranges are shown for continuous variables, whereas categorical variables are described by the absolute frequencies and percentages.

CD, Crohn’s disease; GI, gastrointestinal; UC, ulcerative colitis.

parameters were not different between the baseline and last
follow-up visit (Table 2).

Changes in Laboratory Parameters

During the study period, 226 measurements of serum 250HD
levels from 55 patients were obtained. The median number of
measurements per patient was 5 (range 4—6). We found an associ-
ation between daily oral cholecalciferol substitution and 25OHD
serum levels, using the linear mixed model (P , 0.001). Among
all observations of 250OHD levels after substitution had commenced,
76% of the participants had 250HD levels permanently - 50 nmol/
L and 98% subjects had levels -30 nmol/L. The median serum
250HD levels increased from 58 nmol/L at the baseline visit to 85
nmol/L at the last follow-up visit (Table 2). Figure 2 shows the
percentage of patients with250HD levels above the defined cutoffs
at the baseline and last follow-up visits, in paired observations.

Changes in Bone Quality
The Z-scores of trabecular BMD, cortical bone CSA, and
cortical thickness were lower at the baseline compared with

reference(P , 0.001,P%0.035,andP , 0.001,respectively),

and they significantly improved atthelastvisit(P , 0.001,P ,
0.001,and P, 0.001,respectively). Baseline Z-scores fortotal
bone CSA and Strength—Strain Index did not differ from the

reference and improved at the last visit (P ¥4 0.001 and 0.002,
respectively). Only the cortical BMD Z-score was higher at the
baseline (P , 0.001) and remained unchanged at the last visit
(Table 2).

Changes in Muscle Functions

Among all the tested baseline parameters, only Pmax Z-
score was lower than that in healthy subjects (P Y4 0.018).
Although Fax and Frax/body weight Z-scores remained
unchanged between the baseline and last visit, Pmax and Pmax/
mass increased significantly (P, 0.001and P¥40.002,respec-
tively; Table 2).

Predictors of Bone Quality
Using the described statistical methods, we constructed

a model (Table 3) to determine the independent predictors of
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TABLE 2. The Anthropometric, pQCT, and Mechanographic Characteristics and Activity ofthe Disease at Baseline and Last Follow-up Visits

Baseline Last Visit Beta/OR 95% CI P Missing Values

Anthropometry

Height Z-score 20.95 (21.59 t0 0.07)* 20.91 (21.42 t0 20.01) 0.09 20.02 to 0.20 0.11

Weight Z-score 20.7 (21.14t00.21)? 20.67 (21.48 t0 0.1) 0.021 20.113 t0 0.155 0.76

BMI Z-score 20.3 (20.85 t0 0.33) 20.53 (21.15 t0 0.24) 20.035 20.201 t0 0.132 0.68
Laboratory parameters

250HD levels (nmol/L) 57.63 (42.79 to 78.5) 85.2 (61.05 to 95.65) 21.75 11.636 to 31.736 > 0.001 10/8

Parathormone levels (pmol/L) (normal values: 1.30—7.60) 3.79 (2.99 to 5.76) 3.54 (3.09 to 4.48) 20.297 20.821 to 0.226 0.27 12/12
pQCT

Trabecular BMD Z-score 21.72 (22.25 t0 20.42)* 21.19 (22.2 t0 20.26) 0.26 0.137 t0 0.38 > 0.001

Cortical BMD Z-score 1.07 (0.45 to 1.93)° 1.4 (0.57to 1.9) 0.12 20.102 t0 0.334 0.30

Total bone CSA Z-score 0.15 (20.33 t0 0.67) 0.35(20.31 to 1.34) 0.32 0.146 to0 0.484 0.001

Cortical bone CSA Z-score 20.3 (21.01 to 0.25)* 0.04 (20.69 to 0.91) 0.55 0.384 t0 0.705 »0.001

Cortical thickness Z-score 20.91 (21.61 to 20.27)* 20.8 (21.35 t0 0.05) 0.23 0.144 t0 0.453 - 0.001

Strength—Strain Index Z-score 0.18 (20.32 t0 0.99) 0.22 (20.45 to 1.63) 0.36 0.135t00.574 0.002
Mechonography

Prmax Z-score 20.24 (20.96 to 0.44)* 0.33(20.07 to 1.19) 0.79 0.542 to 1.035 - 0.001 1/1

Frmax Z-score 0(20.53 t0 0.82) 0.07 (20.57 to 0.85) 20.016 20.172 to 0.141 0.85 1/2

Pmax/mass Z-score 20.06 (20.65 to 0.51) 0.24 (20.54 t0 0.69) 0.28 0.11 to 0.459 0.002 1/1

Fimax/body weight Z-score 0.22 (20.63 t0 0.8) 20.05 (20.49 to 0.82) 0.002 20.206 to 0.209 0.99 12
Disease activity

Patients in remission 28 (56) 31(67) 3.76 0.84 to 16.847 0.084 5/9

PCDAI/PUCAI (score) 5(0to 10) 5(0to 10) 21.63 24.315t0 1.053 0.24 8/10

CRP (mg/L) 0.65 (0.5 t0 2.35) 0.5 (0.5 to 1.8) 20913 22.58t0 0.755 0.28 12
Treatment

Corticosteroids within last 12 months 14 (25)° 5 (9)4 0 0 to 0.008 »0.0001

Anti-TNF therapy 35 (64) 28 (51) 0.16 0.017 to 1.52 0.11

Medians and interquartile ranges (IQR) are shown for continuous variables, total numbers and percentages describe the categorical data. Coefficients are displayed as estimates with 95% confidence intervals (95% CI) and odds ratios
(ORs) with 95% CI for continuous and categorical data, respectively. Missing values are shown separately for baseline (before slash) and follow-up (following slash) visits. Disease remission was defined as PCDAI , 10 and
CRP , 5 mg/L in Crohn’s disease patients and PUCAI , 10 in patients with ulcerative colitis.

“Baseline parameter was significantly lower than in healthy subjects.
"Baseline parameter was significantly higher than in healthy subjects.

“The median prednisolone cumulative dose for these subjects was 31.3 (IQR 27.1-43.9) mg$kg®'$y . 21
9The median prednisolone cumulative dose for these subjects was 3.9 (IQR 2.9—47.2) mg$kg $3".2’
250HD, 25-hydroxycholecalciferol; BMD, bone mineral density; BMI, body mass index; CSA, cross-sectional area; PCDAI, pediatric Crohn disease activity index; PUCALI, pediatric ulcerative colitis activity index; TNF, tumor

necrosis factor.
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FIGURE 2. Difference between the proportion of patients with normal,
insufficient, and deficient serum 25-hydroxyvitamin D (250HD) levels
at the baseline visit and after daily supplementation with 2000 U of
cholecalciferol (only paired observations included, n %4 40). Approxi-

mately, 17% of patients had 250HD serum levels , 30 nmol/L before
commencement of the substitution, whereas only 2% of them showed
insufticient levels after substitution.

bone health. Trabecular BMD Z-score was positively associated
with cholecalciferol substitution (beta 0.26, 95% confidence
interval [CI]0.14-0.37,P , 0.0001);conversely, Strength—Strain
Index Z-score was not significantly associated. The association
between trabecular BMD Z-score and cholecalciferol sub-
stitution was independent of the serum levels of 2SOHD (data
not shown).

Predictors of Muscle Function

The models for predicting muscle characteristics are
described in Table 4. We found that Pmay and Prax/mass Z-scores
were associated with cholecalciferol substitution (beta 0.60, 95%
CI10.32—0.85,P , 0.0001 andbeta 0.20,95% C10.029—-0.37,P V4
0.043, respectively). On the contrary, F.x and Frma/body weight
Z-scores were not significantly associated with cholecalciferol
substitution. The association between P, and Ppa/mass Z-
scores, and cholecalciferol substitution was independent of
serum levels of 250HD (data not shown).

TABLE 3. The Predictors of Bone Strength Measures

Estimate 95% CI P

Trabecular BMD Z-score

Cholecalciferol substitution (yes) 026 0.14t00.37 ,0.0001
Strength—Strain Index Z-score

Fmax/body weight Z-score 0.29 0.10to 0.45 0.0013

Pmax Z-score 0.57 0.36t00.78 ,0.0001

Pmax/mass Z-score 2042 20.76t00.10  0.016

Age at baseline visit 20.21 20.29t00.11 ,0.0001

The predictors were selected based onthe Akaike information criterion, using automatic
backward elimination of all effects of the linear mixed effects model. The age at baseline
visit, the duration of disease treatment at baseline visit, the diagnosis (CD or UC),
corticosteroid treatment within last 12 months, cholecalciferol substitution status (yes/no),
the duration of cholecalciferol substitution, disease remission (defined as PUCAI , 10
points in UC patients and PCDAI , 10 points in combination with CRP , 5 mg/L in CD
patients), muscle functions (Pmax, Pmax/mass, Fmax and Finax/body weight Z-scores) and
Strength—Strain Index and trabecular BMD Z-scores, respectively, were used as pre-
dictors in the initial multiple regression mix models (before the selection of explanatory
variables was performed).

BMD, bone mineral density; Fmax, maximal muscle force; Fmax/body weight, maximal
muscle force adjusted for subject’s body weight; Pmax, maximal muscle power; Pmax/
mass, maximal muscle power adjusted for subject’s body mass.

Prediction of Patients Who Would Benefit
from Substitution

Trabecular BMD Z-scores improved in 40 (73%) patients
and Pnax/mass Z-score improved in 37 (69%) patients. Only three
out of the 55 patients (5%) failed to show improvements in tra-
becular BMD or Pn./mass Z-scores. Hence, the possibility of
determining the predictors for identification of these three patients
was very low in our cohort. Therefore, we focused on the pre-
dictors that can identify the patients with the most profound
changes in bone and muscle measures.

Among the tested baseline predictors (bone quality, muscle
function and anthropometry parameters, and 250HD levels), we
found that only baseline Z-score of trabecular BMD was
a negative predictor of changes in trabecular BMD Z-score in
the model adjusted for sex, age, type of the disease (CD versus
UC), and duration of cholecalciferol substitution (beta 20.10,
95% CI 20.19 to 20.01, P ¥ 0.031). Similarly, only low P/
mass Z-score at the baseline (beta 20.31, 95% CI 20.52 to
20.01, P Y4 0.005) was negatively associated with changes in
Pmax/mass Z-score at the last follow-up, in the adjusted model.

DISCUSSION
In this study, we found that daily oral administration of
2000 IU of cholecalciferol was associated with improvement in
trabecular BMD at the tibia and muscle power in pediatric patients
with IBD. On the contrary, other important muscle—bone unit
parameters such as the Strength?Strain Index and maximum
muscle force remained unchanged.
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TABLE 4. The Predictors of Dynamic Muscle Functions

Estimate 95% CI g

Pmax Z-score

Cholecalciferol substitution (yes)  0.60 0.32-0.85  ,0.0001

Disease remission (yes) 0.64 0.23-1.02 0.0025

Strength—Strain Index Z-score 0.37 0.19-0.55 0.0001
Pmax/mass Z-score

Cholecalciferol substitution (yes)  0.20 0.029-0.37 0.043

Disease remission (yes) 0.55 0.22—-0.87 0.0007

Strength—Strain Index Z-score 0.16 0.0093-0.29 0.030
Fiax Z-score

Trabecular BMD Z-score 0.28 0.16-0.41 0.0001

Strength—Strain Index Z-score 0.16 0.019-0.30 0.035

Age at baseline visit 0.093 0.014-0.16 0.021
Fmax/body weight Z-score

Strength—Strain Index Z-score 0.26 0.097-0.44 0.0065

Age at baseline visit 0.19 0.081-0.30 0.0014

The predictors were selected based on the Akaike information criterion, using automatic
backward elimination of all effects of the linear mixed effects model. The age at baseline
visit, the duration of disease treatment at baseline visit, the diagnosis (CD or UC),
corticosteroid treatment within last 12 months, cholecalciferol substitution status (yes/no),
the duration of cholecalciferol substitution, disease remission (defined as PUCAI , 10
points in UC patients and PCDAI , 10 points in combination with CRP , 5 mg/L in CD
patients), trabecular BMD and Strength—Strain Index Z-scores were used as predictors in
the initial multiple regression mix models (before the selection of explanatory variables
was performed).

BMD, bone mineral density; Fmax, maximal muscle force; Fmax/body weight, maximal
muscle power adjusted for subject’s body weight; Pmax, maximal muscle power; Pmax/
mass, maximal muscle power adjusted for subject’s body mass.

Baseline Bone and Muscle Measures

Baseline data showed that volumetric bone density and
bone geometry at the tibia were negatively altered in patients with
IBD, when compared with the healthy population. This finding is
in agreement with previously published studies.®” On the con-
trary, mechanography parameters were comparable with those in
healthy children at the baseline, with the exception of Pma Z-
score, which was decreased. During follow-up and vitamin D
supplementation, we observed a significant positive change in
both bone health parameters and P,y in the majority of patients.
In a study by Benchimol et al,?’ patients with lumbar spine area
BMD ,21 were substituted with 50,000 IU of 250HD monthly
for 6 months in one arm and with 1000 mg of elemental calcium
daily in the second arm. No significant difference was found
between these two small groups or between these patients and
those with normal BMD in the lumbar spine area at the baseline,
without any intervention during follow-up. BMD was evaluated
using dual-energy X-ray absorptiometry (DXA). In contrast to
pQCT, dual-energy X-ray absorptiometry does not enable distinc-
tion between trabecular and cortical bone density, and is unable to
assess bone geometry; thus, the changes that we observed with
pQCT might be missed with dual-energy X-ray absorptiometry.
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To the best of our knowledge, no studies have described the effect
of cholecalciferol substitution on muscle function in pediatric
patients with IBD thus far.

Improvement in Muscle—Bone Unit with
Cholecalciferol Substitution
We did not prove any substantial effect of disease activity on
the bone—muscle unit in our patients with IBD. In contrast, it has
been shown that bone quality could improve in patients with IBD
who receive standard therapy without any other intervention, espe-

cially in the first few months after manifestation, owing to decreased

inflammation activity.®” In an inception cohort study, Dubner et a/®
showed an improvement of trabecular BMD during the first 6
months after diagnosis of IBD; however, no change was found
during the second half of the first year of treatment. Similarly, in
a cross-sectional study, patients assessed shortly after diagnosis had
more impaired bone—muscle unit, compared with that in patients
assessed longer after the diagnosis.” The discrepancy between our
study and previous studies could be explained by the fact that the
median follow-up period from diagnosis till the baseline in our
cohort was 1.8 years (interquartile range 1—4 years), which was
significantly longer than the follow-up period in previous studies.
Thus, we assume that the observed changes in bone and muscle
parameters in our patients were not caused by the initiation of IBD
therapy, which can be further supported by the similar proportions
of patients in remission at the baseline and last follow-up visits
(56% versus 67%, respectively). Moreover, the median disease
activity indices (pediatric Crohn’s disease activity index or pediatric
ulcerative colitis activity index) and the levels of C-reactive protein
remained stable (Table 2) at both time points of assessment. Mean-
while, we cannot exclude the possibility that treatment of IBD in-
duces changes in the muscle—bone unit that could be apparent later
after diagnosis, when the disease itself is already under control.

Role of Steroids and Antitumor Necrosis
Factor Treatment

Studies on the role of glucocorticoids in the bone health of
children with IBD show conflicting results®’4%; however, some
studies showed a negative effect of glucocorticoids on BMD.47-°
The models in our study did not identify corticotherapy as a neg-
ative predictive factor for bone and muscle parameters; however,
prolonged treatment with corticosteroids was rarely provided to
our patients. Among children who were treated using corticoste-
roids, the cumulative dose of prednisone was 29 mg$kg?'$yr?!
(interquartile range 20-39 mg$kg?'$yr?'). Moreover, these low
doses were taken only by 25% of patients within 12 months
before the baseline visit and by 9% of patients within 12 months
before the second assessment. Our study was neither focused nor
powered enough to show the influence of corticotherapy on the
muscle—bone unit. Therefore, the study does not allow for definite
conclusion about the impact of corticoid treatment history on the
development of musculoskeletal measures.

Although recent studies have suggested a protective role of
antitumor necrosis factor treatment in the bone health of patients
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with IBD who do not receive vitamin D substitution,’"3? we did
not find this modality to impact the effect of substitution. More-
over, antitumor necrosis factor treatment was not predictive in
selecting patients suitable for supplementation (data not shown).

Improvement of Serum 250HD Levels with
Cholecalciferol Substitution

Baseline serum levels of 250HD in our cohort were
comparable with previously published pediatric data.!>>* A sig-
nificant proportion of patients showed improved vitamin D status
after cholecalciferol supplementation. Our approach to supple-
ment with 2000 IU of cholecalciferol was safe, and we did not
experience any laboratory or clinical signals of overdosing. The
250HD serum level of 80 nmol/L, which has been suggested as
an appropriate target level for children with IBD,?* was achieved
in more than one-half of our patients. Our study design does not
allow us to discuss the vitamin D supplementation strategy in
patients with IBD in general, but as the vast majority of our
patients achieved vitamin D sufficiency'# at the last visit and
did not show increased parathyroid hormone levels, we cannot
assume that an even higher dosage could result in a better
biological action.

Prediction of Patients Who Would Benefit
from Cholecalciferol Substitution

The finding of the current study that cholecalciferol sub-
stitution improves the muscle—bone unit in pediatric patients with
IBD at least to some extent raises a question about the patients who
are more likely to benefit from the supplementation. Although we
found that low baseline Z-scores of trabecular BMD and Ppa/mass
predicted improvement of the respective parameters, the associa-
tions were relatively weak, and we were unable to construct a suf-
ficiently robust model to select patients suitable for
supplementation. Importantly, we did not find baseline levels of
250HD predictive for trabecular BMD or for Prax/mass Z-scores
improvement. Based on our findings, we conclude that serum
250HD levels are not valid markers of sufficiency and, thus, could
account for the previous observations showing no relation between
vitamin D status, and bone density?!* and muscle CSA in children
with IBD.” Only 5% of patients showed no improvement in tra-
becular BMD or Pra/mass Z-score; thus, it is clinically irrelevant
to identify predictors for selecting these 5% of patients. Until better
predictors are found, cholecalciferol substitution seems to be rea-
sonable for all pediatric patients with IBD.

Clinical Relevance of Data

Although previously published studies show that decreased
volumetric bone density is associated with an increased risk for
fracture in healthy children, owing to insufficient data, we can-
not conclude whether improvement in bone and muscle measures
due to vitamin D substitution actually decreases the risk for frac-
tures in pediatric population with IBD. Moreover, inconsistent
data exist on differences in fracture prevalence between healthy
children and children with IBD.!"-!2 Further, the need for

screening of asymptomatic vertebral fractures has been dis-
cussed.'® To clearly answer this question, a  placebo-
controlled randomized controlled trial assessing the influence of
vitamin D substitution on the frequency of fractures during sev-
eral years of follow-up in patients with IBD is required.

Limitations of the Study

The study had some limitations. First, it was not an
interventional study and no control population was recruited. This
was due to insufficient number of patients to be randomly
distributed into treatment or placebo intervention groups. More-
over, relatively substantial amount of missing values, mainly of
250HD serum levels, affected the reliability of the conclusion with
regard to the secondary outcome. In particular, we decided to use
repetitive measures of 250HD from individual patients to test the
association between cholecalciferol substitution and the change in
250HD serum levels. However, we have adjusted for the random
effect of individual patients by using the mixed model, to overcome
the potential impact of unequal number of repetitive measurements.
Although the variation in the follow-up period between baseline
and the last visit was not a significant predictor in the regression
mixed model and did not influence the significance of the other
predictors of trabecular BMD Z-score in the regression model,
this could also be considered as a limitation. Nevertheless, after
creating an arbitrary threshold at 18 months of follow-up to
divide the study participants into two groups (i.e., follow up , 18
months; N ¥4 43, and 18 months or more, N ¥4 12, respectively),
neither trabecular vBMD Z-scores (0.29 6 0.47 versus 0.15 6
0.41, P Y4 0.32) nor Ppax/mass Z-scores (0.23 6 0.67 versus

0.46 6 0.55, P V4 0.25) were different between the groups.

CONCLUSION

In conclusion, we demonstrated the association between
daily supplementation with 2000 TU of oral cholecalciferol, and
improvement in trabecular BMD and maximal muscle power in
children with IBD. Substitution of 2000 IU of cholecalciferol
helped the vast majority of our patients to achieve vitamin D
sufficiency, and was safe. Although we were unable to find
a sufficiently strong predictor for identifying patients suitable for
substitution, and despite the observational design of our study and
the short-term follow-up, we conclude that it seems reasonable to
consider vitamin D substitution in all pediatric patients with IBD.
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Postvaccination Immunogenicity of BNT162b2
SARS-CoV-2Vaccine and Its Predictorsin Pediatric
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ABSTRACT

Objectives: We prospectively compared the postvaccination immunity to
messenger ribonucleic acid BNT162b2 severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) vaccine of our pediatric patients over 12 years
old with inflammatory bowel disease (IBD) to that of healthy controls and
looked for predictors of its robustness.

Methods: Anti-receptor binding domain, anti-spike S2, and anti-nucleo-
capsid immunoglobin-G (IgG) and immunoglobin-A levels were measured
in 139 pediatric patients with IBD [65 fully vaccinated (2 doses), median
age 16.3, interquartile range (IQR) 15.2—17.8 years, median time from vac-
cination (IQR) 61.0 (42.0-80.0) days] and 1744 controls (46, 37-57 years)
using microblot array.

Results: All IBD and control patients developed positive anti-receptor bind-
ing domain IgG antibodies at comparable titers. The proportion of obser-
vations with positive anti-spike S2 IgG was higher in patients with IBD
than in controls [63% vs 21%, odds ratio 2.99 (1.51-5.90)], as was its titer
[median (IQR) 485 (92-922) vs 79 [33-180] IU/mL]. Anti-receptor bind-
ing domain and anti-spike S2 IgG levels were associated with IBD status.
We found an association between anti-spike S2 IgG levels and time since
vaccination (B —4.85, 95% CI—7.14 to 2.71, P=0.0001), history of SARS-
CoV-2 polymerase chain reaction positivity (206.76, 95% CI139.93-374.05,
P =0.0213), and anti-tumor necrosis factor treatment (—239.68, 95% CI
—396.44-83.55, P = 0.0047). Forty-three percent of patients reported vac-
cination side effects (mostly mild). Forty-six percent of observations with
positive anti-nucleocapsid IgG had a history of SARS-CoV-2 infection.
Conclusions: Patients with IBD produced higher levels of postvaccination
anti-spike S2 antibodies than controls. Previous SARS-CoV-2 infection is
associated with higher production of postvaccination antibodies and anti-
tumor necrosis factor treatment with lower production.

Key Words: COVID-19, nucleocapsid antigen, receptor binding domain,
spike protein, tumor necrosis factor
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What Is Known

- Patients with inflammatory bowel disease (IBD)
were excluded from registration trials of BNT162b2
messenger ribonucleic acid vaccine.

= There is scarce data on the efficacy and safety in
patients with IBD, especially children.

What Is New

+ Pediatric IBD patients produced higher levels of
anti-spike S2 antibodies than controls.

= Previous severe acute respiratory syndrome corona-
virus 2 infection was associated with higher produc-
tion of postvaccination antibodies and anti-tumor
necrosis factor treatment with lower production.

virus 2 (SARS-CoV-2) in patients with inflammatory bowel

ase (IBD) is recommended by many professional societies (1—
3). However, patients with IBD were excluded from registration tri-
als of vaccines; thus, there is scarce data on the efficacy and safety
in patients with IBD, especially children. Vaccination by messen-
ger ribonucleic acid (mRNA) vaccine BNT162b2 (Comirnaty—
Pfizer/BioNTech) of children 12 years and older was approved by
the European Medicine Agency in spring 2021, and in the Czech
Republic, it commenced on July 1, 2021. A clinical study in healthy
individuals has shown that immune responses in the age group of
12—15 year-olds were comparable with those in the age group of
16-25 year-olds, and the side effects were mild (4). Based on the

Vaccination against severe acute respiratory syndrome corona-
dMe
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recommendation of the Czech Working Group for Pediatric Gastro-
enterology, children with IBD in our country were not prioritized
for vaccination against SARS-CoV-2, and vaccination in this group
started along with other healthy children after vaccine approval in
July 2021. According to a position paper by the European Society
for Paediatric Gastroenterology, Hepatology and Nutrition Porto
IBD working group, surveillance of postvaccination antibodies in
patients with pediatric IBD (pIBD) are recommended (5). Based
on this recommendation, we initiated a prospective follow-up of
patients with pIBD.

Information about postvaccination SARS-CoV-2 immunity
in patients with pIBD is scarce (6—8). This is the first prospective
study focused primarily on patients with pIBD (12-18 years) vac-
cinated against SARS-CoV-2 using an mRNA vaccine.

SARS-CoV-2 virus contains various epitopes. Antibodies
against some of them are used for testing of postinfection and/or
postvaccination status. Anti-receptor binding domain of S1 subunit
of spike protein (anti-RBD) antibodies and anti-spike S2 antibodies
are against antigens on the viral surface and are considered mark-
ers of postvaccination or postinfection status. On the contrary, anti-
nucleocapsid antibodies are formed against an antigen inside of the
viral particle and are thus considered as markers of postinfection
status only.

Our primary aim was to compare postvaccination immunity
(production of anti-RBD immunoglobin-G [IgG], and anti-spike S2
IgG) in patients with pIBD and healthy controls (HCs). We also
focused on predictors of postvaccination immunity status and the
role of history of SARS-CoV-2 infection, IBD treatment used, and
disease activity at the time of observation.

METHODS

Study Subjects

After the approval of SARS-CoV-2 vaccination for children
12 years and older in the Czech Republic in July 2021, we started
to prospectively recruit patients with pIBD irrespective of treat-
ment at our IBD center. Participation in the study was offered to all
ambulatory and hospitalized patients with IBD during the period of
September 8, 2021 to December 17, 2021, irrespective of the time
since SARS-CoV-2 infection or vaccination. Altogether, 195 obser-
vations [median age 15.6, interquartile range (IQR) 13.6-17.1] of
139 patients were obtained. Of these, 83 observations were from
65 patients [median age 16.4, IQR 14.5-17.9, 40 patients with
Crohn’s disease (CD), 21 with ulcerative colitis, and 4 with IBD
unclassified] fully vaccinated against SARS-CoV-2 [received 2
doses of mRNA vaccine BNT162b2 (Comirnaty—Pfizer/BioN-
Tech); median time from vaccination (IQR) was 61.0 (42.0-80.0)
days]. The basic characteristics of vaccinated patients with pIBD
are listed inTables 1A and 1B.

Forty-four of the patients had previously tested positive
for SARS-CoV-2 by polymerase chain reaction (PCR) (67 obser-
vations, 34 in the fully vaccinated group and 33 in the nonvacci-
nated group). Seventy-nine observations were neither vaccinated
nor had positive SARS-CoV-2 PCR. We also included 1744 adult
HCs (1460 female, median age 46, IQR 37-57 years) who were
previously fully vaccinated against SARS-CoV-2 [received 2 doses
of mRNA vaccine BNT162b2 (Comirnaty—Pfizer/BioNTech); the
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interest.

Supplemental digital content is available for this article. Direct URL cita-
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median time from vaccination was 97 (70-124) days]. HCs con-
sisted of healthcare workers of our University Hospital who volun-
tarily agreed to participate in testing of postvaccination antibodies
between April and June 2021.

Collection of Clinical Data and Laboratory
Samples

Clinical data (patient characteristics, disease phenotype, dis-
ease activity, clinical indices, laboratory markers, IBD treatment,
history of SARS-CoV-2 infection or vaccination, and potential side
effects of vaccination) were prospectively recorded in the database.
Information on SARS-CoV-2 infection had been collected prospec-
tively into our database since the outbreak of the SARS-CoV-2 pan-
demic in the population in spring 2020. The data underlying this
article will be shared upon reasonable request by the corresponding
author. Two mL of blood was drawn from each patient to measure
postinfection and postvaccination antibodies. Blood was allowed
to clot and then centrifuged, and the separated serum was frozen at
—20°C until analysis.

Laboratory Methods

Antibodies were measured in all patients using the Microblot-
Array COVID-19 IgG/IgA (TestLine Clinical Diagnostics, Brno,
Czech Republic) according to the manufacturer’s instructions. We
measured anti-RBD IgG and IgA, anti-spike S2 IgG and IgA, and
anti-nucleocapsid IgG and IgA. Antibody titers were quantified in
U/mL based on the intra-assay calibration curve. Titers >210 U/mL
were considered positive, and titers 185-210 U/mL were consid-
ered borderline positive. The assay validity was verified using an
internal assay and conjugate controls.

Definitions of Postvaccination and
Postinfection Status

For the purpose of this study, we considered history of
SARS-CoV-2 PCR positivity as positive postinfection status. Anti-
RBD antibodies and anti-spike S2 antibodies were considered
markers of postvaccination or postinfection status. Anti-nucleo-
capsid antibodies were considered markers of postinfection status
but were analyzed independently of the history of SARS-CoV-2
PCR positivity.

Evaluation of IBD Treatment Used and Disease
Activity

IBD treatments of any length received at the time of obser-
vation were evaluated in this study. Disease activity was evaluated
using clinical indices [weighted Pediatric Crohn’s Disease Activity
Index (WPCDAI) and Pediatric Ulcerative Colitis Activity Index
(PUCAI)] (9,10), C-reactive protein (CRP), and fecal calprotectin
(F-CPT) levels.

Aims of the Study

The primary aim [tested in 83 observations in fully vacci-
nated pIBD patients (N = 65) and fully vaccinated HCs (N = 1744)]
was to compare the immunogenicity of the mRNA SARS-CoV-2
BNT162b2 vaccine (defined as the production of anti-RBD IgG
and anti-spike S2 IgG) in patients with pIBD and HCs.

Copyright © 2022 by European Society for European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition and North American
Society for Pediatric Gastroenterology, Hepatology, and Nutrition.
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TABLE 1A. Basic characteristics of the patients

CD IBDU ucC Overall
No. of patients (N =40) (N=4) N=21) (N=165)
General characteristics
Female sex 19 (47.5%) 0 (0%) 7 (33.3%) 26 (40.0%)

Age at diagnosis (median, IQR), y

Age at observation (median, IQR), y
Paris classification

Ala: <10y

Alb: 10-16y

A2: 1740y

L1:ileal

L2: colonic

L3: ileocolonic

L4: upper GI

B1: nonstricturing, nonpenetrating

B2: stricturing

B2B3: stricturing + penetrating

B3: penetrating

Perianal disease

GO: no history of growth retardation

G

E1: proctitis

E2: left sided

E3: extensive

—_

: history of growth retardation

—

E4: pancolitis
S0: never severe

S1: ever severe

10.7 (9.49-13.0)
16.4 (15.2-18)

16 (40.0%)
22 (55.0%)
2 (5.0%)
10 (25.0%)

9 (22.5%)
21 (52.5%)
19 (47.5%)
34 (85.0%)

4 (10.0%)

1(2.5%)

1(2.5%)

6 (15.0%)
31 (77.5%)

9 (22.5%)

NA
NA
NA
NA
NA
NA

6.73 (6.73-6.73)
16.1 (16-16.1)

2 (50.0%)

2 (50.0%)

0 (0%)
NA
NA
NA
NA
NA
NA
NA
NA
NA

2 (50.0%)

2 (50.0%)

1 (0%)

1 (25.0%)

0 (0%)

2 (25.0%)

3 (50.0%)

1 (0%)

11.1 (8.23-13.2)
163 (15.2-17)

6 (28.6%)
14 (66.7%)
1 (4.7%)
NA
NA
NA
NA
NA
NA
NA
NA
NA
18 (85.7%)
3 (14.3%)
1 (4.8%)
4(19.0%)
2 (9.5%)
14 (66.7%)
18 (85.7%)
3 (14.3%)

10.8 (9.29-12.9)
16.3 (15.2-17.8)

24 (36.9%)
38 (58.5%)
3 (4.6%)
NA
NA
NA
NA
NA
NA
NA
NA
NA
51 (78.5%)
14 (21.5%)
NA
NA
NA
NA
NA
NA

CD = Crohn’s disease; IBDU =inflammatory bowel disease unclassified; IQR = interquartile range; NA = not applicable; UC = ulcerative colitis.

TABLE 1B. Characteristics of the patients at the time of observation

CD IBDU ucC Overall
(N =49) (N=5) (N=29) (N=283)
Treatment
Adalimumab 21 (42.9%) 0 (0%) 1 (3.4%) 22 (26.5%)
Infliximab 16 (32.7%) 0 (0%) 14 (48.3%) 30 (36.1%)
Ustekinumab 1(2.0%) 0 (0%) 0 (0%) 1(1.2%)
Vedolizumab 7 (14.3%) 2 (40.0%) 2 (6.9%) 11 (13.3%)
Immunomodulator 26 (53.1%) 3 (60.0%) 17 (58.6%) 46 (55.4%)
Combo therapy 30 (61.2%) 5 (100%) 22 (75.9%) 57 (68.7%)
S-Aminosalicylates 0 (0%) 2 (40.0%) 25 (86.2%) 27 (32.5%)
Disease activity
wPCDAI (median, IQR) 0 (0-7.50) NA NA 0 (0-7.50)
PUCALI (median, IQR) NA 0 (0-0) 0 (0-0) 0 (0-0)

CRP (median, IQR) mg/1

Fecal calprotectin (median, IQR), ng/g

0.50 (0.50-2.80)
79.0 (25.0-519)

0.50 (0.50-0.50)
224 (42.0-273)

0.50 (0.50-1.20)

28.0 (9.0-229)

0.50 (0.50-2.30)
55.0 (17.5-398)

CD = Crohn’s disease; Combo therapy = combination of biological therapy and immunomodulator; CRP = C-reactive protein; IBDU = inflammatory
bowel disease unclassified; IQR = interquartile range; PUCAI = Paediatric Colitis Activity Index; UC = ulcerative colitis; WPCDAI = weighted Paediatric
Crohn’s Disease Activity Index; NA = not applicable.
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The secondary aims [tested in 83 observations in fully vac-
cinated pIBD patients (N = 65)] were to describe:

1. the association between postvaccination antibody titers in pa-
tients with pIBD and postinfection status, IBD treatment used,
and disease activity at the time of observation;

2. the association of postinfection antibody titers in patients with
pIBD and postinfection status, IBD treatment, and disease ac-
tivity at the time of observation; and

3. side effects of SARS-CoV-2 vaccination in patients with pIBD.

Other aims [tested in 195 observations in all pIBD patients
(N = 139)-both fully vaccinated (N = 65) and nonvaccinated
(N =74)] were to compare:

1. IgG antibody levels in vaccinated and nonvaccinated patients
with pIBD; and

2. history of SARS-CoV-2 PCR positivity and anti-nucleocapsid
1gG positivity in patients with pIBD.

IgA Antibodies

Data on anti-RBD, anti-spike S2, and anti-nucleocapsid IgA
antibodies were analyzed separately and are presented in the Sup-
plemental Digital Content, Attp.//links.lww.com/MPG/C992.

Statistical Analysis

All data were analyzed using R statistical software version
4.0.4 (R Core Team, 2021, https://www.R-project.org/). Continuous
variables are described as medians and IQR. Categorical variables
are described as absolute frequencies and percentages. Missing
data were not imputed. Three different data sets were established:
(1) vaccinated patients with pIBD and vaccinated HCs; (2) fully
vaccinated patients with pIBD; and (3) fully vaccinated and not
fully vaccinated patients with pIBD. To avoid pseudoreplication,
we used mixed models for all analyses; for categorical outcomes
(eg, positivity for SARS-CoV-2 antibodies), we used a generalized
linear mixed model; for linear outcomes (eg, level of SARS-CoV-2
antibodies), we used a linear mixed model. Only fixed effects of the
predictors were presented. Due to the assumption that antibodies
levels decline over time, we added the variable “time since vac-
cination” to all models with RBD and Spike S2 as outcomes. We
also adjusted models for “history of SARS-CoV-2 PCR positivity.”
When appropriate, we added interaction effects to our model. We
constructed a final prediction model based on the clinical selection
of the predictors.

RESULTS

Primary Aim—Postvaccination Immunity in
pIBD and HCs

We compared 65 fully vaccinated patients with pIBD (83
observations) with 1744 fully vaccinated HCs. All patients with
pIBD and HCs developed positive anti-RBD IgG antibodies, and
levels were similar in both groups [median (IQR) 971 (960-987)
vs 972 (781-1030 IU/mL); Figure la, Supplemental Digital
Content, http://links.lww.com/MPG/C992]. In an adjusted linear-
mixed model, anti-RBD IgG levels were associated with pIBD
status (Fig. 1A).

The proportion of observations with positive anti-spike S2
IgG was higher in patients with pIBD than in HCs [63% vs 21%,
OR 2.99 (1.51-5.90), P = 0.02; Figure 1b, Supplemental Digital
Content, http://links.lww.com/MPG/C992], as were anti-spike S2
IgG titers [median (IQR) 485 (92-922) vs 79 (33-180) IU/mL, Fig-
ure lc, Supplemental Digital Content, http.//links.lww.com/MPG/
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C992]. In adjusted linear-mixed model, anti-spike S2 IgG levels
were associated with pIBD status (Fig. 1B).

Secondary Aims
In this part of the study, 65 fully vaccinated patients with
pIBD (83 observations) were included.

Predictors of Postvaccination Immunity in Patients with
pIBD

In the linear-mixed model adjusted for time from vac-
cination, no association was found between numerical values of
anti-RBD IgG levels and history of SARS-CoV-2 PCR positiv-
ity (Figure 2, Supplemental Digital Content, http.//links.lww.
com/MPG/C992). We found no association between the history
of SARS-CoV-2 PCR positivity and the presence of anti-spike
S2 IgG as a categorical variable, however in linear-mixed model
adjusted for time from vaccination, numerical values of anti-spike
S2 IgG were positively associated with a history of SARS-CoV-2
PCR positivity (Fig. 2).

The association between IBD treatment and postvaccination
IgG antibody levels is shown in Table 2. In linear regression mixed
model adjusted for time interval from vaccination and history of
SARS-CoV-2 PCR positivity, anti-spike S2 IgG levels were lower
in observations treated with anti-TNF (tumor necrosis factor) (8
—215,95% CI—379 to —53, P =0.01, Figure 3, Supplemental Digi-
tal Content, http://links.lww.com/MPG/C992).

As most of our patients were in clinical remission (Table
1B), we did not test the association between clinical indices of dis-
ease activity (WPCDAI and PUCAI) and postvaccination antibod-
ies. In linear mixed models adjusted for time since vaccination and
history of SARS-CoV-2 positivity, CRP, but not F-CPT, was associ-
ated with postvaccination production of anti-RBD and anti-spike
S2 antibodies. Thus, CRP was added to the final mixed model to
predict the anti-RBD IgG and anti-spike S2 IgG status.

We made final mixed models containing time interval from
vaccination (B —6.57, 95% CI —12.92 to —0.28, P = 0.0496), his-
tory of SARS-CoV-2 PCR positivity (8 9.41, 95% CI —43.98 to
63.34, P =0.7372), anti-TNF (B —9.53, 95% CI —59.71 to 40.59,
P = 0.72), immunomodulatory treatment (B —1.56, —34.34 to
30.63, P=0.93), and CRP (B —6.57, —12.92 to —0.28, P = 0.0496).
We found an association between CRP levels and anti-RBD IgG
levels (Table la, Supplemental Digital Content, http.://links.lww.
com/MPG/C992). We also found association between anti-spike
S2 IgG levels and time since vaccination ( —4.85, 95% CI —7.14
to 2.71, P = 0.0001), history of SARS-CoV-2 PCR positivity
(B —4.85,95% CI —7.14 t0 2.71, P=0.0001), and anti-TNF treat-
ment (f —239.68, 95% CI —396.44 to —83.55, P = 0.0047), but not
with immunomodulatory treatment (3 —105.48, —242.93 to 33.70,
P =0.15) or CRP (B —3.71, 95% CI —25.25 to 17.82, P = 0.74;
Table 1b, Supplemental Digital Content, http://links.lww.com/
MPG/C992). The levels of anti-RBD and anti-spike S2 IgG strati-
fied according to various types of biological therapy are shown in
Figures 4a and b, Supplemental Digital Content, http.//links.lww.
com/MPG/C992.

Predictors of Postinfection Immunity in Vaccinated
Patients with pIBD

In linear regression mixed model adjusted for time interval
from vaccination and history of SARS-CoV-2 PCR positivity, anti-
nucleocapsid IgG levels were lower in observations treated with
anti-TNF (B —220, 95% CI—345 to =96, P < 0.001) and with immu-
nomodulators (IMM) (B —119, 95% CI —229 to 9.49, P = 0.04;
Table 2). In categorical model, lower proportion of observations
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FIGURE la. Association of anti-RBD IgG antibodies and
time since vaccination in pIBD patients and healthy adults.
Linear mixed model adjusted for time from vaccination, age, and
interaction between time from vaccination and case/control vari-
able; IgG=immunoglobulin G; pIBD=paediatricinflammatory bowel
disease; Cl195 = 95% confidence interval.
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FIGURE Ib. Association of anti-spike S2 IgG antibodies and
time since vaccination in pIBD patients and healthy adults.
Linear mixed model adjusted to time from vaccination, age and
interaction between time from vaccination and case/control vari-
able; lgG=immunoglobulin G; pIBD=paediatric inflammatory bowel
disease; CI195 = 95% confidence interval
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with anti-TNF developed positive anti-nucleocapsid IgG (OR
0.137,95% CI10.025-0.762, P =0.023). Levels of anti-nucleocapsid
IgG stratified according to various types of biological therapy are
shown in Figure 4c, Supplemental Digital Content, http://links.lww.
com/MPG/C992. As most of our patients were in clinical remission
(Table 1B), we did not test the association between clinical indices
of disease activity (WPCDAI and PUCAI) and postinfection anti-
bodies. We did not find an association between anti-nucleocapsid
IgG levels and CRP or F-CPT levels.

Side Effects of Vaccination in Patients with pIBD

Out of 65 vaccinated patients with pIBD, 28 (43%) reported
side effects following the first dose of vaccination (2 with fever,
26 with mild complaints—pain, edema, or erythema in the injec-
tion site, fatigue, headache, or slightly elevated body temperature).
Twenty-eight patients (43%) reported side effects after the second
dose (3 with fever, 1 with vomiting with subsequent proven SARS
CoV-2 PCR positivity, 1 with worsening of pustulous skin lesions,
and 23 with mild complaints). In all patients, the side effects were
short-lasting and self-limiting.

Other Aims

In this part of the study, 139 patients with pIBD (195 obser-
vations) were included, of which 65 were fully vaccinated (83
observations) and 67 observations (34 observations from the vac-
cinated group and 33 observations from the nonvaccinated group)
in 44 patients had a history of SARS-CoV-2 PCR positivity.

Comparison of Vaccinated and Nonvaccinated Patients
with pIBD

Observations in fully vaccinated pIBD had higher levels of
all investigated IgG antibodies than nonvaccinated patients with
pIBD (anti-RBD: 630, 95% CI 537-722, P < 0.0001; anti-spike
S2:258,95% CI 157-359, P <0.0001; anti-nucleocapsid: 133, 95%
CI164-202, P=0.0002), even after adjustment for history of SARS-
CoV-2 PCR positivity. Both anti-spike S2 IgG and anti-nucleocap-
sid IgG were also associated with a history of SARS-CoV-2 PCR
positivity in linear regression mixed model adjusted to postvacci-
nation status (B 292, 95% CI 182402, P < 0.0001 and 119, 95%
CI41-197, P =0.0033, respectively; Table 2 and Figure 5, Supple-
mental Digital Content, Attp://links.lww.com/MPG/C992).

Comparison of History of SARS-CoV-2 PCR Positivity
and Anti-Nucleocapsid IgG Positivity in Patients with
pIBD

Among observations with positive anti-nucleocapsid IgG
antibodies (N = 46), 25 had a history of SARS-CoV-2 PCR positiv-
ity (54%). Among observations with insufficient anti-nucleocapsid
IgG antibodies (N = 149), 42 had a history of SARS-CoV-2 PCR
positivity (28%; Table 3, Supplemental Digital Content, http:/
links.lww.com/MPG/C992).

Postvaccination and Postinfection IgA
Antibodies

In linear mixed model, anti-RBD IgA antibodies were asso-
ciated with time from vaccination and age but not with pIBD sta-
tus. Anti-spike S2 IgA antibodies were associated with pIBD status,
time from vaccination, and the interaction between these 2 vari-
ables (Figure 6a and b, Supplemental Digital Content, Attp://links.
Iww.com/MPG/C992).

Observations in fully vaccinated patients with pIBD had
higher levels of anti-RBD IgA antibodies than nonvaccinated
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FIGURE 2. Association of anti-spike S2 IgG antibodies and history of SARS-CoV-2 PCR positivity in pIBD patients. IgG =
immunoglobin-G; PCR = polymerase chain reaction; pIBD = pediatric inflammatory bowel disease; SARS-CoV-2 = severe acute respiratory

syndrome-associated coronavirus 2.

patients with pIBD (B 169, 95% CI 82-255, P=10.0001), even after
adjustment for history of SARS-CoV-2 PCR positivity (Figure 7a,
Supplemental Digital Content, http.//links.lww.com/MPG/C992).
No association was found between anti-spike S2 IgA or anti-
nucleocapsid IgA levels and vaccination status or history of SARS-
CoV-2 positivity (Figure 7b and ¢, Supplemental Digital Content,
http://links.lww.com/MPG/C992).

Based on visual evaluation of the data in vaccinated patients
with pIBD, anti-spike S2, but not anti-RBD IgA antibodies, was
higher in patients with a history of SARS-CoV-2 PCR positivity,
and both antibody types decreased over time after vaccination (Fig-
ures 8a and b, Supplemental Digital Content, http://links.lww.com/
MPG/C992).

Based on visual evaluation of the data in vaccinated patients
with pIBD, anti-RBD, but not anti-spike S2 and anti-nucleocapsid
IgA was lower in those with anti-TNF and combination treatments
(Figure 9, Supplemental Digital Content, http://links.lww.com/
MPG/C992).

DISCUSSION

We have shown the excellent postvaccination status of
patients with pIBD when evaluated using anti-RBD IgG antibodies.

www.jpgn.org

These were positive in both patients with pIBD and HCs, which
is in line with data published so far in adult patients with IBD
(11-14). However, higher anti-RBD and anti-spike S2 IgG levels
were independently associated with pIBD status, suggesting a bet-
ter response to vaccination in our pIBD population than in adult
HCs. In contrast, most studies show lower seroconversion rates in
adult patients with IBD than that in HCs (11,15-17); however, the
difference is small, and the rates are still better than in patients with
other immune-mediated disorders (12). The pooled relative risk of
breakthrough infections in vaccinated patients with IBD is similar
to that of vaccinated controls (11,13). Our data suggest that pediat-
ric patients with IBD may have a better response to the SARS-CoV
2 mRNA vaccine than adult patients with IBD; however, studies
comparing these 2 cohorts are lacking. There were differences in
the production of postvaccination antibodies, especially anti-spike
S2 IgG. Unlike anti-RBD, anti-spike S2 has also been associated
with anti-TNF treatment. This suggests that anti-spike S2 may be
a more sensitive marker of postvaccination status than anti-RBD.
History of SARS-CoV-2 PCR positivity is strongly associated
with higher levels of anti-spike S2 IgG antibodies. This suggests
that previous infection may increase the production of antibodies
after vaccination, even in patients with pIBD. This phenomenon is
independent of treatment with immune-mediating drugs and points
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TABLE 2. Association of postvaccination antibodies and IBD treatment—summary of regression models adjusted to time from vaccination

and history of SARS-CoV-2 PCR positivity

Postvaccination antibody Treatment modality Yes (IQR or %) No (IQR or %) Beta (95% CI) P value
Anti-RBD IgG aTNF 978 (960.75-990) 966 (959.5-984) —15.32 (-65.99 to 35.22) 0.56
Anti-spike S2 IgG aTNF 253.5 (58-829) 892 (354-974) —214.86 (—378.65 to 52.77) 0.01
Anti-nucleocapsid IgG aTNF 90 (12-247) 379 (109-619) —220.18 (—345.37 to 95.8) <0.001
Anti-spike S2 IgG categorical aTNF 27(0.52) 25(0.48) 0.171 (0.029 to 1.011) 0.051
Anti-nucleocapsid IgG categorical aTNF 14 (0.27) 38 (0.73) 0.082 (0.008 to 0.848) 0.036
Anti-RBD IgG IFX 976.5 (946.5-990) 971 (960-985) 2.51(—43.32t0 48.34) 0.92
Anti-spike S2 IgG IFX 253.5 (58-889.75) 502 (105-962) —44.47 (-218.2 t0 130.42) 0.62
Anti-nucleocapsid IgG IFX 78 (14.25-243.5) 195 (58-437) —93.11 (—228.91 to 43.38) 0.19
Anti-spike S2 IgG categorical IFX 16 (0.53) 14 (0.47) 0.557 (0.156 to 1.986) 0.367
Anti-nucleocapsid IgG categorical IFX 8(0.27) 22 (0.73) 0.313 (0.082 to 1.205) 0.091
Anti-RBD IgG combo 969 (960-986) 979 (961.5-989.25) 1.91(-32.72t0 37.22) 0.92
Anti-spike S2 IgG combo 493 (80-962) 464.5 (103.5-914) —28.22 (—191.48 to 135) 0.73
Anti-nucleocapsid IgG combo 160 (45-435) 121.5 (16-312.5) —1.49 (-127.33 to 125.26) 0.98
Anti-spike S2 IgG categorical combo 37 (0.65) 20 (0.35) 1.047 (0.292 to 3.759) 0.943
Anti-nucleocapsid IgG categorical combo 24 (0.42) 33 (0.58) 1.193 (0.317 to 4.488) 0.794
Anti-RBD IgG IMM 969 (959.25-985.75) 978 (960-988) —4.39 (=37.4 t0 28.82) 0.8
Anti-spike S2 IgG MM 435 (77-895) 622 (105-938) —131.14 (-277.79 to 15.63) 0.08
Anti-nucleocapsid IgG IMM 120.5 (29.5-356.5) 170 (45-477) —119.37 (—229.08 to 9.49) 0.04
Anti-spike S2 IgG categorical IMM 28 (0.61) 18 (0.39) 0.673 (0.176 to 2.572) 0.563
Anti-nucleocapsid IgG categorical MM 16 (0.35) 30 (0.65) 0.452 (0.116 to 1.762) 0.253
Anti-RBD IgG 5-ASA 976 (960.5-986.5) 970.5 (958.75-986.25) 19.33 (=27.41 to 65.72) 0.42
Anti-spike S2 IgG 5-ASA 439 (105-918.5) 497.5 (96.25-922) —28.01 (—204.85 to 144.6) 0.75
Anti-nucleocapsid IgG 5-ASA 139 (50.5-380) 149 (13.5-394.25) —13.61 (—-172.78 to 129.4) 0.85
Anti-spike S2 IgG categorical 5-ASA 17 (0.63) 10 (0.37) 0.908 (0.265 to 3.115) 0.878
Anti-nucleocapsid IgG categorical 5-ASA 11(0.41) 16 (0.59) 1.323 (0.316 to 5.545) 0.701

Significant results are highlighted in bold. 5-ASA = 5-aminosalicylic acid; aTNF = anti-tumor necrosis factor alpha therapy; “categorical” = IgG levels of
antibodies above the cut-off of the assay; combo = combination therapy (aTNF + immunomodulator); IBD = inflammatory bowel diseases; IFX = infliximab;
IMM = immunomodulator; “No” = median levels (IU/mL)/no. of postvaccination antibodies in subjects not receiving the treatment modality; PCR =
polymerase chain reaction; RBD = receptor binding domain of S1 subunit of spike protein; SARS-CoV-2 = severe acute respiratory syndrome-associated
coronavirus 2; “Yes” = median levels (IU/mL)/no. of postvaccination antibodies in subjects receiving the treatment modality.

to the potentiation of postinfection and postvaccination status of the
immune system in healthy individuals. Importantly, this mechanism
was not disrupted in individuals with immune-suppressed pIBD.
Anti-TNF treatment was independently and strongly asso-
ciated with lower anti-spike S2 IgG levels. The negative effect of
anti-TNF treatment (especially infliximab, IFX) on postvaccina-
tion status has been observed in many studies in adult patients
with IBD and thoroughly discussed by the scientific community
(11,12,15,16,18-30). However, other studies failed to find any
association (31,32) and even large systematic reviews and meta-
analyses have shown conflicting results, especially when combina-
tion therapy with IMM is considered (11-13). In our study, neither
IFX alone nor combination therapy was associated with postvacci-
nation IgG antibody levels. The use of IMM had a slight association
with lower anti-spike S2 levels; however, the difference was not sta-
tistically significant (P = 0.08). Although anti-TNF might attenu-
ate postvaccination serological response, it seems that the rate of
SARS-CoV-2 infection does not increase in vaccinated patients
with IBD on anti-TNF therapy (32,33). Given the lack of evidence
that anti-TNF increases the risk of severe COVID-19, it is unclear
whether subjects treated with anti-TNF require either an acceler-
ated booster vaccine or postvaccination serological monitoring
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(34). Based on our data (Figure 3, Supplemental Digital Content,
http://links.Ilww.com/MPG/C992), anti-TNF treatment was associ-
ated with a faster decrease in anti-spike S2 titers.

Adverse side effects in our study were described in 43% of
patients both after the first and second doses of the mRNA vaccine.
The vast majority of cases were mild and self-limiting. This is in
line with data showing consistently good tolerance in adult patients
with IBD and the safety of SARS-CoV-2 vaccines (35-39).

Postinfection immunity (represented by positive anti-
nucleocapsid IgG levels) was augmented by BNT162b2 vaccina-
tion, as expected. This is in accordance with the above-mentioned
potentiation of postinfection and postvaccination immunity, even
in immune-suppressed pIBD individuals. Moreover, lower anti-
nucleocapsid IgG levels were independently associated with anti-
TNF and IMM treatment. These results correspond to previ- ously
published large-scale therapeutic drug monitoring studies  in
adult patients with IBD, showing impaired SARS-CoV-2 anti-
body responses in patients treated with IFX or adalimumab (ADA)
(40,41). Only 54% of anti-nucleocapsid IgG positive patients with
pIBD had a history of positive SARS-CoV-2 PCR, even though
we had collected this information prospectively since the outbreak
of the COVID-19 pandemic. Thus, in approximately half of the
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patients with pIBD, the infection went undetected as it had a fully
asymptomatic course or no epidemiological history.

None of the above-mentioned studies specifically reported
patients with pIBD, and data on this population are scarce. In a pro-
spective longitudinal study of patients with pIBD treated with IFX
or vedolizumab (VEDO) [N = 436, mean age 17 years (2-26)], 44
patients (10%) were positive for postinfection SARS-CoV-2 anti-
RBD IgG antibodies (6). The titers of these antibodies were signifi-
cantly lower than those of adults (N = 23) and pediatric (N = 11)
non-IBD controls and, until 6 months postinfection, were undetect-
able in most patients. There was no difference in the seropositivity
between patients treated with IFX and VEDO (P = 0.164). None
of the patients were treated with azathioprine. In contrast, postvac-
cination antibodies tested in a subgroup of 33 patients (age not
specified in the paper) reached titers up to 15 times higher. The
authors concluded that postvaccination immunity is substantially
higher than postinfection immunity in patients with pIBD treated
with biologic medication (6).

The above-mentioned CLARITY IBD study focused on
postvaccination immunity in patients with IBD (eligibility cri-
teria over 5 years of age) treated with biologic medication; how-
ever, most of the patients were adults [mean age 43.8 years (IQR
32.8-57.6)], and the number of pediatric patients was not listed.
The authors suggested significantly lower production of post-
vaccination antibodies in patients treated with IFX (especially
in combination with IMM) than in patients treated with VEDO
(24). Another large population-based Israeli study included 20
patients with pIBD (0.4%), but no sub-analysis was presented
(33). A recent large-scale prospective observational cohort study
(PREVENT-COVID) measured anti-RBD IgG levels in 1909
patients with IBD (1815 of whom received mRNA vaccines) (7).
A subgroup of 45 children 12-18 years old was included. Forty-
four patients developed detectable postvaccination antibodies.
No further sub-analyses are presented. The study has shown that
older age, anti-TNF, and IMM therapy reduced the postvaccina-
tion response (7).

In a retrospective study of patients with IBD aged <21 years
(N =340), SARS-CoV-2 anti-spike IgG antibodies were measured.
Fifty-eight patients (17%) had previously experienced confirmed,
probable, or suspected COVID-19 infection. Fifty-four patients
(16%) had a history of close contact with SARS-CoV-2 but no clin-
ical symptoms. Two hundred and eight patients (61%) had no his-
tory of contact or symptoms. Only 20 patients [6%; mean age, 18
years (IQR 17-20)] were vaccinated against SARS-CoV-2. Nine-
teen of these patients (95%) received biological therapy (IFX =7,
ADA =2, ustekinumab = 10), and 2 received tofacitinib. Serocon-
version was detected in all the vaccinated patients. All patients
who received the mRNA vaccine had high postvaccination titers.
No association was found between postvaccination titers and the
type of biological therapy. Patients vaccinated with mRNA-1273
(NIH-Moderna) vaccine had significantly higher titers than those
vaccinated with BNT162b2 (Pfizer/BioNTech) and JNJ-78436735
(Johnson and Johnson) vaccines (P = 0.005) (8).

CONCLUSIONS

In conclusion, patients with pIBD in our study showed
an excellent postvaccination response that might be attenuated
by anti-TNF therapy. The main strengths of this study are the
prospective collection of data both on vaccination status and
previous SARS-CoV-2 PCR positivity (with a primary focus on
the pediatric population with IBD), use of a unified vaccination
strategy (full vaccination scheme only by BNT162b2 mRNA
vaccine), the inclusion of a robust control group with a compa-
rable time frame from the second dose, and a reliable microblot
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array assay to detect large-scale antibodies. A potential limita-
tion for the interpretation of antibody titers is the inclusion of
non-age-matched adults as a control cohort, which we attempted
to manage mathematically in our models. Also, we did not col-
lect information on comorbidities in the HCs group. Moreover,
with respect to the course of pandemic, adult patients had slightly
lower rate of history of SARS-CoV-2 infection when compared
to the pIBD patients (28% vs 41%), but adding anti-nucleocapsid
IgG levels to the mixed models neither affected the results of anti-
RBD nor anti-spike S2 analysis. Despite the negative asso- ciation

between

anti-TNF and postvaccination antibodies, it 1is

questionable whether anti-TNF-treated patients should be pri-
oritized for booster vaccines. They are probably not at risk of
a severe course of COVID-19, however recently more frequent
breakthrough infections were described in vaccinated patients
treated with IFX compared to VEDO (42). Moreover, serology
is a poor marker of vaccination-induced T-cell response, which
might play a crucial role but has rarely been studied in patients
with IBD so far (43—45).
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