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Abstract

Streszczenie

Juvenile idiopathic arthritis is the most common form of arthritis in children and adolescents. Methotrexate is the mainstay
of juvenile idiopathic arthritis treatment. Methotrexate is well known to cause serum aminotransferase elevations, and long-
term therapy has been linked to the development of fatty liver disease, fibrosis and even cirrhosis. The aim of the study was to
assess non-invasive liver fibrosis indexes in adolescents with juvenile idiopathic arthritis treated with methotrexate. Materials
and methods: A total of 68 children with juvenile idiopathic arthritis were enrolled in the study. A total of 68 children - 25 boys
(36.8%) and 43 girls (63.2%) — were examined. The children were divided into four groups based on the methotrexate cumulative
dose. The following data were analysed: total bilirubin and its fractions, cholesterol, f-lipoproteins, aspartate transaminase,
alanine aminotransferase. Fibrosis indexes, i.e. APRI, FIB-4 score, AAR, AARPRI, were studied. Results: When studying the
dynamics of non-invasive indices, their heterogeneous nature and cumulative dose dependence are determined. Statistically
significant changes in fibrosis indexes and biochemical parameters were observed when the children reached cumulative
methotrexate doses of 1 g and 3 g. Conclusions: It is possible to monitor carefully liver condition during the whole treatment
and conduct a more in-depth examination only if it is necessary. Our data shows that the APRI index (AST to platelet ratio
index) is most indicative.
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Mtodziencze idiopatyczne zapalenie stawow to najczestsza postaé zapalenia stawow u dzieci i mlodziezy. Podstawg leczenia
miodzienczego idiopatycznego zapalenia stawéw pozostaje metotreksat. Wiadomo, ze lek ten powoduje zwickszenie stezenia
aminotransferaz w surowicy, a jego przediuzone stosowanie moze by¢ zwigzane z rozwojem stluszczenia, wtdknienia, a nawet
marskosci watroby. Celem pracy byta ocena nieinwazyjnych wskaznikéw wiéknienia watroby u mlodziezy z mlodzieniczym
idiopatycznym zapaleniem staw6éw leczonej metotreksatem. Material i metody: Do badania wlaczono lacznie 68 dzieci
z mlodzieniczym idiopatycznym zapaleniem stawow. Przebadano 68 pacjentéw — 25 chtopcow (36,8%) i 43 dziewczynki (63,2%).
Na podstawie skumulowanej dawki metotreksatu dzieci podzielono na cztery grupy. Analizie poddano nastepujace parametry:
stezenie bilirubiny calkowitej i jej frakgji, cholesterolu, B-lipoproteiny, transaminazy asparaginianowej i aminotransferazy
alaninowej. Ponadto dokonano oceny wskaznikéw wiéknienia watroby, tj. APRI, FIB-4, AAR i AARPRI. Wyniki: Ocena
dynamiki nieinwazyjnych wskaznikéw wtoknienia watroby ujawnila ich niejednorodny charakter i zaleznos¢ od dawki
skumulowanej. Statystycznie istotne zmiany wskaznikéw wiéknienia i parametréw biochemicznych obserwowano po osiagnieciu
przez dzieci skumulowanych dawek metotreksatu wynoszacych 1 g i 3 g. Wnioski: Istnieje mozliwoé¢ doktadniejszego
monitorowania czynnoséci watroby podczas calego procesu leczenia, a takze - kiedy jest to konieczne — przeprowadzenia
poglebionej diagnostyki. Z uzyskanych danych wynika, ze wskaznik APRI (stosunek aktywnosci aminotransferazy
asparaginianowej do liczby plytek krwi) wykazuje najwieksza uzytecznos¢.

Stowa kluczowe: mlodziencze idiopatyczne zapalenie stawow, metotreksat, watroba, wskaznik APRI
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INTRODUCTION

uvenile idiopathic arthritis (JIA) is a heterogeneous

group of conditions which encompasses all forms of ar-

thritis of unknown aetiology lasting for at least 6 weeks

nd with onset before the age of 16 years'"). JIA is a diagnosis

of exclusion, and remains the most common childhood rheu-
matic disease. The aetiology of JIA still remains unknown®?.
There were various classification criteria for determining cer-
tain clinical subgroups of JIA, which have changed some-
what in recent years. The new classification went through
multiple revisions and is used in modern rheumatology.
Non-steroidal anti-inflammatory drugs (NSAIDs), antimet-
abolics (methotrexate - MTX) and immunobiological thera-
py are used to treat JIA. Despite active discussion on the use
of immunobiological therapy in the modern literature, the
effectiveness of the traditional JIA treatment regimen using
NSAIDs and MTX does not lose its importance. This was
also confirmed by a recent large-scale study conducted in
Canada, which analysed data from the last 5 years®.
Patients’ response to MTX therapy has been repeatedly studied.
However, the mechanisms of side effects and risk factors for
JIA treatment with MTX have not been clearly established so
far. In some cases, this affects treatment quality and patient’s
life, which can lead to drug discontinuation. However, deter-
mining the amount of MTX metabolites in the body is not
an easy task. Plasma MTX concentrations rapidly fall below
pharmacologically effective levels; therefore, they are not re-
liable for predicting the efficacy or MTX toxicity in patients
with JIA®?), MTX has been associated with a range of liver-
related adverse events ranging from asymptomatic transami-
nase elevations to fibrosis and fatal hepatic necrosis. Concern
over potential liver toxicity has resulted in treatment avoid-
ance, cessation, or recommendations for investigations which
may be costly, invasive and unwarranted.
Non-invasive markers for the early detection of liver fibrosis
and steatosis stay relevant!'”. The majority of present day stud-
ies report an approximate doubling of the relative risk of ele-
vated transaminases in MTX-treated patients, but no increased
risk of symptomatic or severe liver related adverse events. A lot
of known and new markers of fibrosis, apoptosis and inflam-
mation were discussed in diverse patients groups. There are
clinical or biochemical markers and mathematical indexes
created on their basis; as well as modern technologies, such as
microarray methods, proteomics and glycomics?.
The importance of alanine aminotransferase (ALT) levels
increasing in the JIA treatment with MTX do not have clear
coverage in modern literature. There are studies in which it
was highlighted that an increase in ALT level before treat-
ment was a strong predictor of early and repeated increases
in ALT level with further therapy. An individual approach
to monitoring ALT level increasing during JIA therapy is
recommended!'?. JIA patients with a high cumulative dose
of MTX should be carefully monitored for liver fibrosis?.
Liver fibrosis and steatosis indexes can be used to identi-
fy a group of children who need careful monitoring of the
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liver. However, the criteria for the appropriateness of using
these indexes with JIA are still to be studied"*-'®, The use of
fibrosis and steatosis indexes has been repeatedly studied.
They were compared with liver elastography and morpho-
logical data*!*2%. Liver morphological studies are danger-
ous for children and cannot be performed in JIA patients.
Liver elastography has been already carefully studied in pa-
tients with JIA treated with MTX®@". Elastography results
were compared with a liver morphological examination®?.
MTX cumulative dose and elastography were also observed
together*?*). A comparative analysis of elastography results
and fibrosis indexes was performed®®. The use of liver fi-
brosis indexes in the JIA treatment is still unclear. Thus, it
is important to identify a cohort of patients for careful ex-
amination using mathematical indexes.

AIM OF THE STUDY

An assessment of the usefulness of non-invasive liver fibro-
sis indexes in MTX-treated adolescents with JIA.

MATERIALS AND METHODS

The study group comprised JIA patients, a total of 68 chil-
dren - 25 boys (36.8%) and 43 girls (63.2%). The average
age of patients was 13.3 + 0.3 years. Children were treat-
ed for JIA at the Cardiac-Rheumatology Department,
State Institution ,Institute for the Protection of Children
and Adolescents’ Health under the Academy of Medical
Sciences of Ukraine”

Inclusion criteria were boys and girls from 10 to 18 years
old with JIA (with oligoarthritis and polyarthritis) treated
with MTX or patients who were prescribed MTX, but had
not received it before this study.

Exclusion criteria: children with chronic liver pathology,
gastrointestinal, genetic and endocrine disorders, which
occurred before JIA was diagnosed, children with uveitis.
All examined patients had no viral hepatitis.

The diagnosis of JIA was established in accordance with
the European Alliance of Associations for Rheumatology
(EULAR) recommendations relevant at the time of the
study. Treatment was carried out according to the same rec-
ommendations for all children. Informed consents were ob-
tained from all patients.

This work complies with ethical standards (Kharkiv Medical
Academy of Postgraduate Education Ethical committee No.
5 on 12™ of November 2019).

All adolescents underwent laboratory tests: a clini-
cal blood test, liver tests [total bilirubin - Bl and its frac-
tions (pumol/L), cholesterol (mmol/L), B-lipoproteins
(g/L), aspartate transaminase (AST) (U/L), ALT (U/L)],
hemorenal tests, acute phase indicators [C-reactive protein
(mg/L), antistreptolysin O (U/mL)], rheumatoid factor
(U/mL), antinuclear antibodies (ANA) (U/mL). Abdominal
ultrasound, joint ultrasound, electrocardiography and joint
X-ray were performed.
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Patient’s groups Tot(aullzi::;:)b in c:‘"':::;t;{;’l B-lipoproteins (g/L) AST (U/L) ALT (U/L)
1 Did not receive MTX (n=18) 15.6 +1.09 5.02+0.15 8.48 +0.36 25.1+2.25 209+1.97
2 MTX(Dupto1g(n=15) 14.9+0.92 5.26+0.27 8.14+0.58 34.9+2.65 30.1+2.75
3 MTX(D1-3g(n=18) 15.4+1.26 5.06+0.20 7.67 +£0.36 30.5+2.84 30.9+4.22
4 MTX CD more than 3 g (n=17) 17.8+1.71 523+0.26 8.46 +0.71 27.9+1.94 28.4+3.89
Norms Up t0 20.5 pmol/L 3.1- 5.2 mmol/L 3.5-6.6g/L Upto37U/L Upto42U/L
(D — cumulative dose.

Tab. 1. Biochemical studies results in patients with JIA

Fibrosis indexes were calculated with Microsoft Excel.
o APRI - AST to platelet ratio index®: [(AST/ULN AST)
x 100]/platelets (10°/L)] [ULN - upper limit of normal]
o FIB-4 score - Fibrosis 4 Score®: (age x AST)/[platelets
x (sqr (ALT)]
o AAR - AST to ALT Ratio®’: AST/ALT
o AARPRI - AAR/(platelet count (10°/L)/150)@®
Four groups of children were formed. Group 1 included
children with JIA who had not received MTX yet (n = 18),
group 2 included children who received MTX in a cumu-
lative dose lower than 1 g (n = 15), group 3 included chil-
dren who had already received MTX from 1 to 3 g (n = 18),
and group 4 included children who received more than 3 g
of MTX (n =17).
Statistical analysis was carried out with software package
Statistica 6.0, in accordance with the generally accept-
ed standards of mathematical statistics. Before statistical
processing, all data were checked for normal distribu-
tion. One-way ANOVA was used to analyse differences
between groups. LSD test was used to calculate the sta-
tistical significance. Differences were considered signif-
icant at p < 0.05.

RESULTS

The assessments were conducted in a group of 68 adoles-
cences with JIA. The results of blood biochemical studies
are presented in Tab. 1.
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It was found that the levels of Bl, AST, ALT do not differ
from the laboratory norm. Average cholesterol levels were al-
most the same in all groups, and were slightly increased in
the group of adolescents who received MTX <1 g and those
who received MTX >3 g. The mean values of B-lipoproteins
in all groups of adolescents were increased. Bl, cholester-
ol, AST and ALT were compared in accordance with their
average values (Fig. 1). The results were compared with
the average values for patients depending on sex and age.
In group 1, an increase was observed (Bl — 22.2%, choles-
terol — 44.4%, AST - 22.2%, ALT - 22.2%). The same in-
dicators were more increased in children with MTX
cumulative dose <1 g (Bl - 26.7%, cholesterol - 53.3%, AST -
33.3%, ALT - 60%). In the next group of children, with MTX cu-
mulative dose from 1 to 3 g, all four parameters were decreased
(BL - 16.7%, cholesterol — 44.4%, AST - 11.1%, ALT - 38.9%).
When the cumulative dose of MTX exceeded 3 g, there
was an increase in Bl and AST (Bl 37.5%, AST 12.5%)
and a decrease in cholesterol and ALT (cholesterol 37.5%,
ALT 12.5%). In the group of children not receiving MTX,
B-lipoproteins increase was observed (66.7%). A decrease
was observed in groups with a total dose <1 g (33.3%) and
1-3 g (27.8%), and an increase of 43.7% was observed at
a dose of more than 3 g.

Thus, the risk of impaired liver function is still present, regard-
less of the increase in the MTX cumulative dose. The use of liv-
er fibrosis indices is important for identification of children who
need careful liver monitoring. The values of the indexes in ac-
cordance with the cumulative dose of MTX are shown in Tab. 2.
APRI index values increase when the cumulative dose of
MTX reaches 1 g, and begin to decline again after exceeding
3 g. Statistically significant differences of the APRI index
were found in groups of patients who did not receive MTX
or received <1 g (p = 0.009). Significant differences in the
APRI index were found between groups 3 and 4 (p = 0.042).
There were no differences in the APRI index among other
studied groups of adolescents with JIA.

There were no significant differences in the FIB-4 score index
between groups 1 and 2 of adolescents (p = 0.218) (Tab. 2).
There was also no significant difference in the FIB-4 score
index between groups 2 and 3 (p = 0.263). However, further
analysis revealed a statistically significant difference in the
FIB-4 score precisely between groups 3 and 4 of adolescents
receiving MTX <3 g and >3 g (p = 0.023). That is, an increase
in the FIB-4 score is observed only when the cumulative dose
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Patient’s groups APRI FIB-4 score AAR AARPRI
1 Pidnet e X 0.29+0.03 024003 1244006 0.73 +0.04
MTX(Dupto1g 0.43+0.03
2 (n=15) p=0.009 0.29+0.01 1.21£0.06 0.73 +£0.04
MTX(D1-3¢ 1.05+0.05 0.62+0.02
3 n=18) 035:+0.04 0.28+£0.02 20021 7= 0036
4 MTX (D more than3 g 0.325+0.03 0.323 +£0.02 1.072£0.07 0.645 +0.05
(n=17) p=0.042 p=0.023 p=0.046 p=0.11
(D — cumulative dose.
Values of p were indicated only in case of statistically significant differences.

Tab. 2. Index values according to MTX cumulative dose

exceeds 3 g. The analysis of the results for the AAR index
showed no significant differences within the groups both
among adolescents not taking MTX and among those on
MTX <1 g (p = 0.699). However, a significant difference was
found between groups 2 and 3 (p = 0.021). Further analysis
revealed a statistically significant difference in the AAR index
between groups of adolescents who received MTX from 1 to
3 gand >3 g (p = 0.046). That is, in accordance with the AAR
index, positive dynamics is observed.

The AARPRI index calculation demonstrated no signifi-
cant differences within the groups, both among adolescents
who received MTX up to 1 g and those who did not receive
MTX (p = 0.966). Changes are similar for groups 2 and 3
(p = 0.036). The difference between groups 3 and 4, with
MTX cumulative dose of 1-3 g and more than 3 g, was not
statistically significant (p = 0.111). That is, in accordance
with the AARPRI index, a positive dynamics is observed.

DISCUSSION

Much attention should be paid to the screening methods for
children with JIA treated with MTX.

Liver tests, as well as ALT level monitoring during JIA ther-
apy is recommended(?, but it does not fully reflect the state
of the liver. In our study, we did not find significant eleva-
tions of Bl (umol/L), cholesterol (mmol/L), B-lipoproteins
(g/L), AST (U/L), ALT (U/L) in all groups of patients.
The use of indexes is a more convenient, cheap and non-in-
vasive method to identify possible fibrotic changes, as also
reported by other authors(®*-1%),

Liver damage can significantly complicate JIA treatment
with MTX; therefore, studies on non-invasive methods for
the diagnosis and assessment of liver steatosis and fibrosis
as prognostic factors seem to be promising. Despite many
studies describing liver damage in JIA patients, we found
no irreversible pathological changes in the liver, especially
in the early stages of JIA treatment with MTX in paediatric
practice, which were already discussed in some studies®-?).
Thus, according to our observations, the risk of liver dam-
age may be due to JIA, even before taking MTX. The risk
of liver damage decreases with the onset of therapy, which
is possibly associated with the antifibrotic effect of the drug
and a decrease in the inflammatory process in both joints
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and the liver. However, long-term treatment with MTX may
cause irreversible changes in the liver, which subsequent-
ly significantly aggravates the patient’s quality of life and
the effectiveness of the treatment of arthritis. In this study
we analysed APRI, FIB-4 score, AAR and AARPRI indexes.
JIA patients with a high cumulative dose of MTX should be
carefully monitored for liver fibrosis"'?. Thus, according to
our data, when studying the dynamics of non-invasive in-
dexes, their heterogeneous nature and cumulative dose de-
pendence are determined. We have identified a statistically
significant probability and changes in indexes when chil-
dren reach cumulative doses of MTX 1 gand 3 g.

Our findings showed that the APRI index is the most sig-
nificant®). We believe that it is the APRI index that can be
used for daily practice in paediatrics. It seems to be of par-
ticular importance for differentiating, based on screening
methods, between patients at risk vs. those at no risk of ste-
atosis and fibrosis. It is possible to monitor carefully liver
function during the whole treatment and conduct a more
in-depth examination only if it is necessary.

We are aware that the small sample size is a limitation of the
study. Despite the fact that liver biopsy remains diagnos-
tic standard, it is an invasive method and cannot be used
to perform population screening and assess the course of
the disease in patients with diagnosed steatosis or fibrosis.
Therefore, liver biopsy was not performed, and we cannot de-
finitively exclude liver fibrosis and steatosis. However, mor-
phological study cannot be provided according to modern
ethical standards. It cannot be used as a screening method
in paediatrics. Our study included mostly adolescents with
JIA treated with MTX without any other serious comorbidi-
ties, and our results should not be extrapolated to the gener-
al population. On the other hand, the strength of our study is
that we recruited adolescences with JIA without other serious
chronic diseases, with different cumulative doses of MTX.

CONCLUSIONS

1. According to our data, pathological changes in the li-
ver in adolescents with JIA depend on MTX cumula-
tive dose for the duration of the disease and are noted
when the children reach a cumulative dose of 1 g and
3gof MTX.
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2. According to our data, the most informative index was
the APRI index, which can be used to detect early signs
of liver fibrosis in patients with JIA on MTX.
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