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Abstract

Objectives

To analyse the internal consistency of an adaption of the methotrexate intolerance severity

score (MISS); and to describe and compare the level of methotrexate intolerance evaluated
by the MISS in Danish children with juvenile idiopathic arthritis (JIA) or acute lymphoblastic

leukaemia (ALL), treated with low-dose methotrexate (MTX).

Methods

Cross-sectional study of children diagnosed with JIA or ALL, treated with low-dose MTX,
aged 9 years or above, and cognitively intact. The patient’s parents completed the MISS.
MTX intolerance was defined as a total MISS score above 6.

Results

We enrolled 120 children with JIA and 23 children with ALL. The MISS had a good internal
consistency in the JIA group. The median MISS score was higher in the JIA group than in
the ALL group (JIA: 8; ALL: 1; p<0.0001); and the JIA group had a larger proportion of MTX
intolerant children than the ALL group (JIA: 73/120; ALL: 4/23; p<0.001). Within both the JIA
group and the ALL group, the MISS total score was not significantly correlated with age,
MTX dose or the duration of low-dose MTX treatment.

Conclusion

In the JIA group the level of MTX intolerance was higher and more attributed to anticipatory,
associative and behavioural symptoms than in the ALL group. The MISS may help to
uncover whether MTX intolerance is present and which aspects are affected in the individual
patient, thus guiding intervention. The MISS may also be applicable within leukaemia care.
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Introduction

Low-dose methotrexate (MTX) is a cornerstone in the treatment of juvenile idiopathic arthritis
(JIA) with polyarticular involvement [1-3] and in the maintenance treatment of acute lympho-
blastic leukaemia (ALL) in combination with 6-mercaptopurine [4].

Gastrointestinal adverse effects, including anticipatory and associative symptoms, are
described to be a significant clinical challenge to low-dose MTX treatment in JIA [5-7]. With
the increasing survival rates of children with ALL [8-10] the role of adverse effects related to
the maintenance treatment has gained higher significance, but there are few studies focusing
on low-dose MTX.

Tools quantifying gastrointestinal adverse effects to low-dose MTX are crucial for identifi-
cation and monitoring affected patients in order to assist patients in maintaining a superior
health-related quality of life [11] and adhering to therapy. The methotrexate intolerance sever-
ity score (MISS) has been developed in a Dutch JIA cohort as a quantitative measure of specifi-
cally the low-dose MTX-associated gastrointestinal adverse effects and also incorporates
anticipatory, associative, and behavioural complaints [6].

MTX intolerance appears more common among children with JIA compared to children
with leukaemia based on clinical experience, but to our knowledge no previous studies have
specifically investigated and compared MTX intolerance between JIA and childhood leukae-
mia. Important lessons may be learnt regarding MTX intolerance through the analysis and
comparison of two disease entities using the same tool.

Our objectives were to analyse the internal consistency of a Danish version of the MISS;
and to describe MTX intolerance, evaluated by the MISS, in a group of children with JIA and a
group of children with ALL.

Methods
Study design

The study was cross-sectional. Participants and their families were only seen once. On the day
of enrolment the patients’ parents completed the MISS, the families were asked two questions
about MTX treatment compliance, and a senior physician completed a global assessment of
the patient’s current level of MTX intolerance (PGAprx).

Ethics

The study was registered on clinicaltrials.gov (NCT02528435), performed in accordance with
the Declaration of Helsinki and approved by the local research ethics committee (Central Den-
mark Region) (M-20110160) and the Danish Data Protection Agency (1-16-02-429-15). Prior
to enrolment, all participating families provided written informed consent.

Study population

The study population consisted of children either diagnosed with JIA according to the Interna-
tional League of Associations for Rheumatology criteria [12] or diagnosed with ALL and
treated with low-dose MTX and 6-mercatopurine as part of the maintenance treatment on the
Nordic Society of Paediatric Haematology and Oncology (NOPHO) ALL-2008 protocol

[4,13]. All children were followed at our paediatric rheumatology or oncology outpatient clin-
ics and were eligible if currently treated with low-dose MTX and aged 9 years or above. Chil-
dren were excluded if they were cognitively impaired or not fluent in Danish. Children with
JIA were enrolled from December 2013 until July 2016; children with ALL were enrolled from
April 2015 until August 2017.
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For every patient a case report form (CRF) was completed using REDCap (Research Elec-
tronic Data Capture) hosted at the Department of Clinical Medicine, Aarhus University [14].
The CRF contained information on the patients’ gender, age at enrolment, dose of MTX (mg/
m?/week) and the route of administration (oral or subcutaneous) of MTX at enrolment, and
whether they at a time prior to enrolment had received low-dose MTX through the alternate
route of administration. Furthermore, whether folic acid and antiemetic medicine were pre-
scribed at enrolment. The duration of low-dose MTX treatment prior to enrolment in this
study was calculated from the date of treatment initiation to the date of enrolment. For the
children with ALL, the date of treatment initiation was the date the children commenced the
maintenance treatment with low-dose MTX and 6-mercaptopurine (after completed re-induc-
tions), in accordance with their designated risk group determined by the NOPHO ALL-2008
protocol: the high risk group at treatment week 105, the intermediate risk group at treatment
week 66 and the standard risk group at treatment week 58 [13]. For children with JIA who had
re-commenced treatment with MTX due to a disease relapse (after a MTX treatment cessation)
the most recent commencement date was selected.

MTX intolerance

The MISS was developed in an electronic version developed using Survey Xact software (Ram-
boll). The parents were instructed to focus on their child’s current status of MTX tolerance.
The MISS consists of 12 items covering four domains: stomachache, nausea, vomiting, and
behavioural symptoms. The latter covers whether the child is restless, irritable or cries when
low-dose MTX is administered or refuses low-dose MTX. The MISS addresses whether stom-
achache or nausea occur before or after MTX administration or when thinking of MTX; and
whether vomiting occurs before or after MTX administration. For each item the severity is
graded: no complaints (0 points), mild complaints (1 point), moderate complaints (2 points)
or severe complaints (3 points). A total score is calculated summing up all the items: ranging
from 0 to 36. To be categorised as MTX intolerant, the total score must be 6 or above (the cut-
off score), with at least 1 point in an anticipatory and/or associative and/or behavioural symp-
tom. The Danish version of the MISS was translated from an English original provided by the
authors of the development paper [6]. The translation was performed by three of the authors
of this manuscript: a medical doctor, a senior physician and professor in paediatric rheumatol-
ogy, and a professor in psychology. All have Danish as their first language. A professional
translator revised the final translation (S1 File).

The PGA,,,(, consisted of a VAS-score (0-100mm) with the endpoints “no MTX intoler-
ance” and “severe MTX intolerance” and was performed in line with the MISS development
paper [6] and hence did not include laboratory tests of liver enzymes.

The two questions on MTX treatment compliance were: how often the day for low-dose
MTX administration had been changed due to nausea during the last three months prior to
enrolment in this study? How often the low-dose MTX administration had been skipped due
to nausea during the last three months prior to enrolment in this study? The response catego-
ries were: 0 times; 1-3 times; 4-6 times; 7-9 times or 10-12 times.

Statistical analyses

The statistical analyses used to evaluate the internal consistency of the Danish version of the
MISS were Cronbach alpha (including Cronbach alpha if an item is deleted), corrected item-
total correlations (the item correlated to the rest of the scale) and inter-domain correlations.
Data on demographics, low-dose MTX specific elements and MTX intolerance measurements
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Fig 1. The juvenile idiopathic arthritis study population. Flowchart showing the enrolment and exclusion of patients within the juvenile idiopathic
arthritis (JIA) study population. MTX; low-dose methotrexate. MISS; Methotrexate intolerance severity score. PGA,,,,; Physician’s global assessment of

MTX intolerance.

https://doi.org/10.1371/journal.pone.0219539.g001

were analysed using Wilcoxon rank-sum test, Spearman’s rho (with degrees of freedom) and
chi-square test/Fisher’s exact test. All statistical analyses were performed in STATA-13.

Results

The study population included 120 children with JIA and 23 with ALL. Figs 1 and 2 show the
details of exclusion and non-enrolment within the two disease groups. In one patient from
each group data was missing due to the parents never completing the MISS, despite having
given written consent to participation. These two patients have been excluded from the statisti-
cal analyses. For the JIA group, data on compliance was available for 85 patients due to the
questions being added after the enrolment had started.

Demographics and low-dose MTX details

The median age in the two disease groups did not differ significantly. In the JIA group there
were twice as many girls as boys, whereas in the ALL group the gender distribution was equal
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Fig 2. The acute lymphoblastic leukaemia study population. Flowchart showing the enrolment and exclusion of patients within the acute
lymphoblastic leukaemia (ALL) study population. NOPHO = Nordic Society of Paediatric Haematology and Oncology. MTX = low-dose methotrexate;
MISS; Methotrexate intolerance severity score. PGA,,,,; Physician’s global assessment of MTX intolerance.

https://doi.org/10.1371/journal.pone.0219539.9002

(Table 1). The median MTX dose was significantly higher in the ALL group than in the JIA
group. Within the JIA group there was no difference in the median MTX dose between the
MTX,. subgroup and the MTX subgroup (Table 1). The median duration of receiving low-
dose MTX was twice as long in the JIA group as in the ALL group (Table 1). At enrolment, the
entire JIA group had folic acid supplement prescribed (5mg the day after administration of
low-dose MTX), but none in the ALL group. Similar proportions in the two disease groups
had antiemetic medicine prescribed at enrolment (Table 1). Within the JIA group, a signifi-
cantly larger proportion of children had antiemetic medicine prescribed in the MTX;olerant
subgroup compared to the MTXgjerant SUbgroup. In the ALL group, there was no difference in
the proportion of children with antiemetic medicine prescribed in the MTX;olerant SUbgroup
compared to the MTXjerant SUbgroup.

In the JIA group, 62 (52%) of the children had previously changed the route of administra-
tion of low-dose MTX, primarily from oral to subcutaneous administration. None in the ALL
group had previously changed the route of administration of low-dose MTX (Table 1). During
the last 3 months prior to enrolment, none of the children with ALL had changed the weekly
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Table 1. Demographics and methotrexate intolerance.

Patient group JIA ALL p-value
Number of patients 120 23 -
Girls: Boys, n (% Females) 81:39 (68) 10:13 (44) -
Age at enrolment, years (range) 13.3(9.1- 11.8 (9.6-18.6) | 0.12
17.4)
MTXo: MTXgc, n 45:75 23:0 -
If currently MTXgc: number ever treated with MTXo , n | 48/75 (64) 0 -
(%)
If currently MTXo: number ever treated with MTXgc, n | 14/45 (31) 0 -
(%)
MTX dose (mg/mZ/week) 9.8 (9.0-11.0) | 14.4 (10.4-20.0) | 0.0002
MTX, 9.6 (9.0-10.7)° | - 0.81
MTXsc 9.8 (8.7-11.1) |- -
MTXntolerant 9.6 (8.6-11.0)° | 16.3 (14.7— €0.18; %0.47
18.4)¢
MTXolerant 10.1(9.4-10.9) | 12.7 (9.0-21.0) |-
MTX treatment duration® (days) 338 (142-765) | 115 (71-266) 0.0006
MTXintolerant” 370 (143- 300 (191-354)% | <0.44; %0.06
766)°
MTX,oterant 264 (141-738) | 99 (64-211) -
Antiemetic medicine prescribed at enrolment, n (%) 41/120 (34) 8/22° (36) -
MTXncolerant” 33/73° 1/3¢ 2% =10.1;
p = 0.001
MTXglerant 8/47 7/19 41.00
PGA,,x (0-100mm) 18 (0-37) 3(0-14) 0.08
MISS total score (0-36) 8 (3-14) 1(0-3) <0.0001
MTXo 6 (1-12)° - €0.044
MTXsc 9 (4-14) - -
MTXintolerant. Patients, n (%) 73 (61) 4(17) <0.001
MTXo: MTXgc, n 23: 50° - x? = 2.86; p=0.09
Girls: boys 50:23° 2:2¢ €0.84; 11.00

Data on demographic factors, the low-dose methotrexate treatment, prescribed antiemetic medicine, and the

measures of methotrexate intolerance for both the juvenile idiopathic arthritis group (n = 120) and the acute

lymphoblastic leukaemia group (n = 23). Values are expressed as median (IQR) unless otherwise stated. JIA; Juvenile

idiopathic arthritis. ALL; Acute lymphoblastic leukaemia. MTXgc, Subcutaneous route of administration of low-dose
MTX. MTX,; Oral route of administration of low-dose MTX. PGA ., Physician’s global assessment of MTX

intolerance. MISS; The methotrexate intolerance severity score.

# MTXntolerant When the child’s total score of the methotrexate intolerance severity score (MISS) >6, with at least 1

point in an anticipatory and/or associative and/or behavioral symptom.

® Duration of treatment with low-dose MTX prior to enrolment

© Statistical comparison within the JIA group

4 Statistical comparison within the ALL group

¢ Missing information on prescription of antiemetic medicine for 1 patient with ALL

https://doi.org/10.1371/journal.pone.0219539.t001

day for receiving low-dose MTX due to nausea, nor had they skipped any doses of MTX due to
nausea (Table 2). In the JIA group 30 (35%) of the 85 children asked had changed the weekly
day for receiving low-dose MTX due to nausea; and nine (11%) had skipped at least one
administration of low-dose MTX due to nausea (Table 2).
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Table 2. Low-dose MTX treatment compliance.

Patient group JIA® ALL
MTX, |MTXgc | MTXo

Number of times the patient has changed the day of low-dose MTX administration
due to nausea:

Never 26 29 23
1-3 times 6 13 0
4-6 times 2 6 0
7-9 times 1 1 0
10-12 times 0 1 0

Number of times the patient has skipped an administration of low-dose MTX due to
nausea:

Never 32 44 23
1-3 times 2 5 0
4-6 times 1 1 0
7-9 times 0 0 0
10-12 times 0 0 0

Data on reported low-dose methotrexate treatment compliance during the last 3 months prior to enrolment within
the juvenile idiopathic arthritis (JIA) group and the acute lymphoblastic leukaemia (ALL) group. MTXsc,
Subcutaneous route of administration of low-dose MTX. MTX,; Oral route of administration of low-dose MTX

? Data available on 85 patients with JIA as the questions were introduced after the commencement of the enrolment
period.

https://doi.org/10.1371/journal.pone.0219539.t1002

Reliability of the Danish version of the MISS

For the JTA group there was a good internal consistency (Cronbach alpha = 0.87) and no single
item deletion led to significant increase in Cronbach alpha. The corrected item-total correla-
tions were all positive, and ranged from 0.3 to 0.7 (Table 3). The inter-domain correlations
ranged from 0.3 to 0.6 (Table 4).

For the ALL group, none of the children had complaints for the items: “refusal of low-dose
MTX” and “cries when low-dose MTX is administered” (Fig 3). Hence the high Cronbach
alpha of 0.88 was based on 10 items. Deletion of the remaining two behaviour items caused the
Cronbach alpha to increase to 0.90. The corrected item-total correlations were positive and
ranged from 0.6 to 0.9, if disregarding the remaining two behaviour items (r = -0.02 and
r = 0.26) (Table 5). The inter-domain correlations ranged from 0.6 to 0.9, apart from the
behaviour domain, which correlated poorly (r<0.27) to all other domains (Table 6).

Methotrexate intolerance

The median MISS score was significantly higher in the JIA group than in the ALL group; and
the JIA group had a significantly larger proportion of MTX intolerant children than the ALL
group (Table 1). For 17 (14%) of the children with JIA and 9 (39%) of the children with ALL,
parents reported that their child had no complaints to low-dose MTX (MISS = 0). Within the
JIA group, there was no significant difference between the proportion of MTX intolerant chil-
dren in the MTXg¢ subgroup and the MTX subgroup (Table 1). The median MISS score was
above the cut-off score in both the MTXg¢ subgroup and the MTX subgroup—it was slightly
higher in the MTXgc subgroup compared to the MTX, subgroup (Table 1).

No significant difference was found between the two disease groups’ median PGA ,,,
(Table 1). The PGA,, showed a high correlation with the total MISS and out of the four
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Table 3. The internal consistency of the methotrexate intolerance severity score-the juvenile idiopathic arthritis group.

Item No complaints Mild Moderate Severe Mean Corrected Cronbach
(0 points) complaints complaints complaints (95% CI) item-total alpha if
(1 point) (2 points) (3 points) correlation item deleted
1: stomachache after MTX 53 (44%) 30 (25%) 30 (25%) 7 (6%) 0.9 (0.75-1.10) | 0.57 0.86
2: stomachache before MTX 76 (63%) 24 (20%) 15 (13%) 5 (4%) 0.58 (0.42-0.73) | 0.67 0.86
3: stomachache when thinking of MTX 67 (56%) 19 (16%) 19 (16%) 15 (13%) 0.85 (0.65-1.05) | 0.67 0.86
4: nauseous after MTX 32(27%) 27(23%) 36 (30%) 25 (21%) 1.45 (1.25-1.65) | 0.58 0.86
5: nauseous before MTX 65 (54%) 29 (24%) 15 (13%) 11 (9%) 0.77 (0.59-0.95) | 0.52 0.87
6: nauseous when thinking of MTX 51(43%) 28 (23%) 20 (17%) 21(18%) 1.09 (0.89-1.30) | 0.65 0.86
7: vomit after MTX 92 (77%) 10 (8%) 9 (7.5%) 9(7.5%) 0.46 (0.29-0.63) | 0.57 0.86
8: vomit before MTX 113 (94%) 5 (4%) 1(1%) 1(1%) 0.08 (0.01-0.15) | 0.32 0.88
9: restless when taking MTX 66 (55%) 19 (16%) 22 (18%) 13 (11%) 0.85 (0.66-1.04) | 0.61 0.86
10: cries when taking MTX 86 (72%) 15 (13%) 12 (10%) 7 (6%) 0.50 (0.34-0.66) | 0.50 0.87
11: irritable when taking MTX 55 (46%) 29 (24%) 21 (18%) 15 (13%) 0.97 (0.77-1.16) | 0.60 0.86
12: refuses to take MTX 88 (73%) 19 (16%) 7 (6%) 6 (5%) 0.43 (0.28-0.57) | 0.50 0.87

The analysis of internal consistency of the Danish version of the methotrexate intolerance severity score (MISS) for the juvenile idiopathic arthritis group (n = 120),
including the Cronbach alpha if an item is deleted and the corrected item-total.
MTX; low-dose methotrexate

https://doi.org/10.1371/journal.pone.0219539.t003

domains of the MISS, the PGA,,,, had the highest correlation with the nausea domain
(Table 7).

The parents of the patients with JIA reported that their child most often experienced nausea
after MTX administration (73%), nausea when thinking of MTX (58%), stomachache after
MTX administration (56%) and that their child was irritable when MTX was administered
(54%). Nearly half of the patients with JIA experienced nausea before MTX (46%), were rest-
less when MTX was administered (45%) or experienced stomachache when thinking of MTX
(44%) (Fig 3, Table 3).

For the ALL group, 52% of the parents reported that their child had mild to moderate com-
plaints of nausea after low-dose MTX administration. For the remaining items, the majority of
the parents (74-96%) reported that their child had “no complaints” (Fig 3, Table 5). Very few
(4%) of the patients with ALL experienced severe complaints on an item and only on items
covering an anticipatory or behavioural symptom (Table 5).

Within neither the JTIA group nor the ALL group was a significant correlation found be-
tween the total MISS scores and age (JIA group: r,(118) =-0.13, p = 0.16; ALL group: ry(21) =
0.05; p = 0.81), and no significant difference was found between the number of girls and boys
being MTX intolerant (Table 1). No significant correlation was found between the total MISS

Table 4. Inter-domain correlations of the MISS-the juvenile idiopathic arthritis group.

JIA Stomachache Nausea Vomiting Behaviour
Stomachache 1.0

Nausea 0.5675 1.0

Vomiting 0.5067 0.5360 1.0

Behaviour 0.4667 0.3666 0.3111 1.0

The results of the inter-domain correlations of the four domains of the methotrexate intolerance severity score (MISS) for the juvenile idiopathic arthritis group (JIA)

group (n = 120). All correlations are Spearman’s rho.

https://doi.org/10.1371/journal.pone.0219539.t004
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Fig 3. The methotrexate intolerance severity score-the juvenile idiopathic arthritis group and the acute
lymphoblastic leukaemia group. Bar chart illustrating the mean scores (with 95% confidence interval) for each of the
12 items of the methotrexate intolerance severity score (MISS) for the juvenile idiopathic arthritis (JIA) group

(n = 120) and the acute lymphoblastic leukaemia (ALL) group (n = 23).

https://doi.org/10.1371/journal.pone.0219539.g003

scores and the MTX doses in either of the disease groups (JIA group: r,(118) = -0.17, p = 0.06;
ALL group: r(21) = 0.34; p = 0.11), and no significant difference was found between the
median MTX dose in the MTXyjeran: Subgroup and the MTX (olerant SUbgroup in either of the
disease groups (Table 1). In both disease groups no significant correlation was found between
the total MISS scores and the MTX treatment duration (JIA group: r,(118) = 0.046, p = 0.62;
ALL group: r(21) = 0.23; p = 0.30), and no significant difference was found between the
median MTX treatment duration in the MTXojerant Subgroup and the MTXtolerant SUDgroup
in either disease group (Table 1).

Discussion

This Danish version of the MISS had a high internal consistency in the JIA group, indicating
the Danish translation of the MISS was satisfactory and supporting other studies in the MISS
being easy to adapt to a new language [15-17]. For the ALL group the analysis of internal con-
sistency questioned whether the behaviour domain fits properly with the remaining MISS.
Very few of the parents of the children with ALL reported that their child had complaints
within the behaviour domain and none within the items “refusal of low-dose MTX” and “cries
when low-dose MTX is administered”. One could thus argue for a separate MISS scale for the
ALL group, where the behaviour domain is excluded. However, in daily practice it is preferable
to use a uniform scale across different diseases. Furthermore, the behaviour domain proved
clinically relevant for the patients with ALL actually affected within the domain. Moreover, if
the ALL study population had been larger in size it is plausible that more patients would have
had complaints within the behaviour domain. The numeric value of the MISS cut-off score has
been debated [6,15]. Hence, when using the MISS it may be more clinically relevant to focus
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Table 5. The internal consistency of the methotrexate intolerance severity score-the acute lymphoblastic leukaemia group.

Item No Mild Moderate Severe Mean Corrected item-total | Cronbach alpha if item
complaints | complaints complaints complaints (95% CI) correlation deleted
(0 points) (1 point) (2 points) (3 points)
1: stomachache after MTX 18 (78%) 3 (13%) 2 (9%) 0 0.30 (0.03- | 0.75 0.86
0.58)
2: stomachache before MTX 21 (91%) 1 (4%) 1 (4%) 0 0.13 (0- | 0.67 0.87
0.33)
3: stomachache when 20 (87%) 2 (9%) 1 (4%) 0 0.17 (0- |0.87 0.85
thinking of MTX 0.39)
4: nauseous after MTX 11 (48%) 7 (30%) 5(22%) 0 0.74 (0.39- | 0.62 0.87
1.09)
5: nauseous before MTX 20 (87%) 2 (9%) 0 1 (4%) 0.22 (0- |0.80 0.85
0.51)
6: nauseous when thinking 20 (87%) 1 (4%) 1 (4%) 1 (4%) 0.26 (0- |0.88 0.84
of MTX 0.59)
7: vomit after MTX 17 (74%) 5(22%) 1 (4%) 0 0.30 (0.06- | 0.63 0.87
0.55)
8: vomit before MTX 22 (96%) 0 1 (4%) 0 0.09 (0- | 0.77 0.86
0.27)
9: restless when taking MTX 19 (83%) 3 (13%) 0 1 (4%) 0.26 (0- |0.26 0.90
0.56)
10: cries when taking MTX 23 (100%) 0 0 0 - -
11: irritable when taking 20 (87%) 2 (9%) 1 (4%) 0.17 (0- -0.02 0.90
MTX 0.39)
12: refuses to take MTX 23 (100%) 0 0 0 0 - -

The analysis of internal consistency of the Danish version of the methotrexate intolerance severity score (MISS) for the acute lymphoblastic leukaemia (ALL) group

(n = 23), including the Cronbach alpha if an item is deleted and the corrected item-total.

MTX; low-dose methotrexate

https://doi.org/10.1371/journal.pone.0219539.t005

on the ability of the MISS to uncover which aspects of MTX intolerance an individual child is
affected by and use the total score for monitoring the patient. Used in this manner the MISS

may also be applicable within leukaemia care.
A larger proportion of the JTA group than of the ALL group experienced the low-dose MTX
related adverse effects specified by the MISS and to a higher degree. This difference was not

found when assessed by physicians. The differing results may be explained by the assessment
of MTX intolerance only composing one of many disease aspects physicians considered when
seeing patients in the outpatient clinics, compared to parents focusing on MTX intolerance
during the enrolment into this project. The correlations of the PGA ,, to the MISS illustrated
that the two measures differ slightly in their focus, possibly also explaining the differing
results.

Table 6. Inter-domain correlations of the MISS-the acute lymphoblastic leukaemia group.

ALL Stomachache Nausea Vomiting Behaviour
Stomachache 1.0

Nausea 0.8950 1.0

Vomiting 0.5860 0.7504 1.0

Behaviour 0.0305 0.2732 0.1666 1.0

The inter-domain correlations of the four domains of the methotrexate intolerance severity score (MISS) for the acute lymphoblastic leukaemia (ALL) group (n = 23).

All correlations are Spearman’s rho.

https://doi.org/10.1371/journal.pone.0219539.t006
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Table 7. Methotrexate-intolerance: Physician and parent assessment.

Patient group JIA ALL

PGA ,,,«x correlated to:

MISSotal score r,(118) = 0.5317; p <0.0001 r,(21) = 0.5845; p = 0.0034
MISS,tomachache domain r,(118) = 0.3046; p = 0.0007 r,(21) = 0.3073; p = 0.15
MISS ,ausea domain r,(118) = 0.5584; p <0.0001 r5(21) = 0.5585; p = 0.0056
MISS, omit domain r,(118) = 0.3288; p = 0.0002 rs(21) = 0.2987; p = 0.17
MISS}ehavioral domain r,(118) = 0.3969; p <0.0001 r(21) = 0.5127; p = 0.0124

The correlations between the physician’s global assessment of the patients’ current level of methotrexate intolerance
(PGA,1x) and the methotrexate intolerance severity score (MISS)-the total score and the scores for the four
domains—for the juvenile idiopathic arthritis (JIA) group (n = 120) and the acute lymphoblastic leukemia (ALL)
group (n = 23). rg; Spearman’s Rho (degrees of freedom)

https://doi.org/10.1371/journal.pone.0219539.t1007

When assessed by the parents, patients with JIA most often experienced mild to severe nau-
sea after MTX administration, but anticipatory, associative, and behavioural symptoms con-
tributed significantly to the overall MTX intolerance within the JIA group. For the patients
with ALL the MTX intolerance issues were primarily nausea after MTX administration and
only in a mild to moderate degree. When patients with ALL did experience severe complaints,
it was in relation to anticipatory and associative nausea and a behavioural complaint.

Our finding of 61% of the JIA group being categorised as MTX intolerant is surprisingly
high compared to previous studies where approximately 25% were MTX intolerant at selected
time points within the study period [16,18] and 42-50% if looking at the proportion of JIA
patients scored MTX intolerant at any one point during the entire study period [6,16-18].

The JIA group in our study had been treated with low-dose MTX for a long period of time
with a median duration of 338 days. This may contribute to the high number of MTX intoler-
ant children in our JIA group. Especially, when studies have shown that MTX intolerance
develops within the first year of low-dose MTX treatment and stays rather stable over time
[7,16,18]. However, the duration of low-dose MTX treatment in our JIA group is comparable
to the study by Scheuern et al. [7] finding a lower proportion of MTX intolerant patients with
JIA. Additionally, in our study the median duration of low-dose MTX treatment was the same
in the JIA subgroup of MTXgjeran: patients as in the JIA subgroup of MTX;,olerant Patients.

In the study by Bulatovic et al. [6] more patients were rated MTX intolerant in the subgroup
treated with subcutaneous low-dose MTX compared to the subgroup treated with oral low-
dose MTX. Hence, the high proportion of our JIA group receiving low-dose MTX subcutane-
ously (62.5%) may contribute to the higher proportion of MTX intolerant children with JIA in
our study. However, as argued in the study by Patil et al. [19] changing the route of administra-
tion is a known attempted countermeasure to MTX intolerance [15,16,20,21]. We did indeed
see that 64% of the children with JIA treated with subcutaneous low-dose MTX at enrolment
had previously received low-dose MTX orally. Due to our cross-sectional design we can only
speculate that MTX intolerance was developed during oral MTX treatment and may be the
cause for the change to subcutaneous MTX treatment. It should further be noted, that in the
study by Bulatovic et al. [6] the median MISS score was exactly the same in the subgroup
treated with oral low-dose MTX as in the subgroup treated with subcutaneous low-dose MTX.
Furthermore, in the study by Franova et al. [16] an even higher proportion (82%) of children
with JIA received low-dose MTX subcutaneously and still only 30% of the patients with JIA
were evaluated MTX intolerant after 12 months of treatment. Additionally, in line with our
findings, the studies by Scheuern et al. [7] and van Dijkhuizen et al. [18] found the proportion
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of children with JIA receiving subcutaneous low-dose MTX was the same in the MTX;olerant
group as in the MTXglerant group.

Our results surprisingly show that children with ALL in maintenance treatment with low-
dose MTX (after completed reinductions) had a low level of MTX intolerance and only few
patients were affected by anticipatory and associative symptoms, when assessed by their
parents. This is remarkable considering that anticipatory and associative nausea and the con-
cept of a conditioned response are well known phenomena associated with the initial high-
dose chemotherapy (including high-dose MTX) [22,23]. The majority of patients with ALL
must somehow have reversed the conditioned response indicating that there are lessons to be
learnt from the ALL group regarding the handling of MTX intolerance.

A limitation to our study is that the compliance results are retrospective with the risk of
recall bias. However, there is no reason to expect one disease group to recall more poorly than
the other. The difference in compliance between the ALL group and the JIA group could be
due to the higher level of MTX intolerance in the JIA group, but it is more likely due to the dif-
ference in disease types—with ALL being a malignancy. Furthermore, this is the only retrospec-
tive element of this study.

Another limitation is that children below the age of 9 years were not included. However, as
the parents completed the questionnaire in our study we believe this Danish version of the
MISS is applicable for use in younger children as well. It may be considered a limitation that
the two disease groups have study populations of different sizes. The proportions of excluded
patients and non-enrolled patients are similar in the JIA group and the ALL group, thus it
seems reasonable to assume that the difference in size of the two study populations reflects the
difference in prevalence and incidence of the two diseases at the investigated age interval.

Our results uncover that MTX intolerance is diverse and varies both within and between
disease types. Hence the management of MTX intolerance needs to the tailored to the individ-
ual patient, supporting the recommendation by Franova et al. [16]. Antiemetic medicine
seems as an evident intervention to minimise the nausea after low-dose MTX administration.
It has even been proposed that antiemetic medicine should be introduced very early in order
to avoid the development of a conditioned response-i.e. anticipatory nausea [23,24]. Sup-
ported by Dupont-Lucas et al. [24] who found that children with inflammatory bowel disease
receiving antiemetic medicine secondarily, compared to prophylactic, were more likely to be
MTX intolerant. Once anticipatory and associative symptoms are present a psychological
intervention-e.g. cognitive behavioural therapy-is a possible approach [23,25]. The psycholog-
ical intervention eye movement desensitisation and reprocessing has recently been described
to have short-term efficacy for minimising MTX intolerance [26].

In conclusion, the level of MTX intolerance was higher and more attributed to anticipatory,
associative, and behavioural symptoms in the JIA group compared to the ALL group. We
regard the MISS as a useful tool within JIA to uncover whether MTX intolerance is present, to
elucidate which items are affected in the individual patient and hence how best to intervene.
The MISS may be applicable within leukaemia care, but further studies are warranted to sup-
port our findings and possibly investigate psychological factors as contributors to the differ-
ence between the two disease groups.

Supporting information

S1 File. Danish MISS. A Danish translation of the methotrexate intolerance severity score
(MISS).
(PDF)
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