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1 | INTRODUCTION

Erythropoietic protoporphyria (EPP; OMIM 177000) is an inher-

ited metabolic disease caused by the deficiency of ferrochelatase,

Abstract

Erythropoietic protoporphyria (EPP) is an inherited metabolic disease that causes pain-
ful phototoxic reactions, starting in childhood. Studies have shown a reduced quality of
life (QoL) in adults with EPP, however, data on children with the disease are lacking. Since
treatment for EPP is currently not registered for children, knowledge about their QoL is of
crucial importance. In this prospective, case-control study, we included children from the
Netherlands and Belgium diagnosed with EPP and matched to healthy controls. Previously
collected EPP quality of life (EPP-QoL) data from matched adults with EPP were used. QoL
scores, utilizing the Pediatric Quality of Life Inventory (PedsQL) and the disease-specific EPP-
Qol, were collected. Scores range from O to 100, with higher scores indicating a higher QoL.
Non-parametric tests were used to compare groups. A total of 15 cases, 13 matched healthy
control children, and 15 matched adults with EPP were included. Children with EPP exhibited
lower median scores in the PedsQL in both physical (cases: 87.5 (interquartile range [IQR]
77.7-96.1), controls: 99.2 [IQR 94.9-100.0], p=0.03) and social (cases: 77.5 [IQR 69.4-86.3],
controls: 97.5 [IQR 78.8-100.0], p=0.04) domains compared to healthy children, although
these differences were not statistically significant after correcting for multiple testing. The
overall median EPP-QoL score for children was similar to adults with EPP (children: 44.4 [IQR
25.0-54.2], adults: 45.8 [IQR 25.7-68.1], p=0.68). However, within the EPP-QoL subdomain
on Qol, children were found to have significantly lower median scores (children: 16.7 [IQR
0.0-33.3], adults: 33.3 [IQR 33.3-62.5], p <0.01). In conclusion, children with EPP experience
a reduced QoL compared to both healthy children and adults with EPP. Ensuring treatment
availability for this patient group is crucial for improving their QoL. We advocate the inclusion

of children in safety and efficacy studies, to ensure availability of treatment in the future.
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the terminal enzyme in the heme biosynthesis pathway, resulting in
phototoxic reactions due to the accumulation of protoporphyrin IX.
These phototoxic reactions, which start from early childhood, cause

severe pain, which results in lifelong light-avoiding behavior that
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limits daily and social activities. Phototoxic reactions can occur after
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only a few minutes of sunlight exposure and can last up to a week.
The pain is untreatable as it does not respond to analgesics.

Quality of life (Qol) in adult patients with EPP is, therefore, low.
This was established in prior research using the disease-specific
quality of life questionnaire (EPP-QoL),? which found that QoL fell
within a range of 30%-44%.3-¢ EPP significantly affects both physi-
cal functioning, due to intense untreatable pain, and social function-
ing.3 Adults with EPP have also reported that their highest burden of
disease was during their childhood,?”® but the QoL of children with
EPP has never been investigated.

Since 2016, afamelanotide has been authorized by the European
Medicines Agency for the treatment of adult patients with EPP, and
since 2019, it has also been authorized by the US Food and Drug
Administration. Afamelanotide is an «o-melanocyte-stimulating
hormone analogue that stimulates eumelanin production, thereby
reducing free radical production.” The QoL of adults with EPP is
reported to improve significantly with afamelanotide treatment.~¢
These findings highlight the importance and need for treatment op-
tions for children with EPP. However, as the safety of afamelanotide
has not been investigated in children, the treatment is currently un-
available for them, leaving them to a life mainly confined to indoors.

Acknowledging the high burden of disease and the current un-
availability of treatment, investigating the QoL of children with EPP
is essential. In the present study, our aim was to compare QoL in
children with EPP to that in healthy children and adult patients with
EPP. We hypothesized that children with EPP have a reduced QoL
when compared to their healthy peers and to adults with EPP.

2 | METHODS

In this prospective, case-control study, we included children diag-
nosed with EPP and healthy matched controls. Participants were
recruited during the summer, from May 2020 to September 2022.
Children aged 8 to 18 years with EPP, followed up at the Erasmus MC
Sophia Children's Hospital the Netherlands, the Isala Clinic in Zwolle,
the Netherlands, or the University Hospitals Leuven in Belgium,
were eligible for inclusion. Diagnosis of EPP was based on clinical
characteristics and elevated protoporphyrin IX levels (>4 times
upper limit of normal) and/or FECH mutation analysis. Patients with
other conditions that could affect their QoL were excluded.

Healthy control children were family, friends, or acquaintances
of the EPP participant. They were matched 1:1 based on age
(+2years), sex, education (primary or secondary school), and nation-
ality. Exclusion criteria for controls were any photosensitivity, family
members who lived within the same household as an EPP patient,
and/or another condition that might limit their daily activities or
QolL.

Children with EPP were also compared to adults with EPP, to as-
sess disease-specific QoL. All adults with EPP completed a question-
naire during routine visits to the outpatient clinic before treatment
with afamelanotide, between August 2014 and January 2018. From

the adult patient database, adults with EPP were matched 1:1 with
children based on sex, self-reported age at time of EPP diagnosis
(+5years), and self-reported disease severity, measured by minutes
spent in direct sunlight until first symptoms occur (+ 5 minutes).

Participants characteristics and QoL scores were collected during
a one-time assessment. This included three questionnaires including
two QoL questionnaires, the validated Pediatric Quality of Life inven-
tory (PedsQL), and EPP-QoL questionnaire. Lastly, the validated type
D scale-14 (DS-14) questionnaire, which assesses negative affectivity
and social inhibition, was used. While the EPP-QoL is validated, it was
designed for adult use and has not been validated for children. Other
questions on patient characteristics, medication use, medical history,
school participation, vacations, and a visual analog scale (VAS) for per-
ceived health (scores from 0-100) were collected. Protoporphyrin IX
levels measured around the time of the QoL assessment (+ 1year) for
both adults and children with EPP were recorded. Additionally, data
on FECH genotype and variant types were collected.

To compare quality of life between EPP cases and controls, the
validated Dutch translated PedsQL, version 4.0 (the version enquir-
ing over the past month) was utilized.”*° The questionnaire included
both children's reports and parent proxy reports on the child's QoL.
Two different versions were used, depending on the age of partici-
pant: children aged 8-12 or teenagers aged 13-18years. A total of
23 questions were scored on a 5-point Likert scale from O to 100,
higher scores indicating a higher QoL. Questions cover four differ-
ent domains of QoL including; physical (eight questions), emotional
(five questions), social (five questions), and school functioning (five
questions). Psychosocial scores were the sum of emotional, social,
and school functioning. Total scores included all four domains.

To compare quality of life between children and adult EPP pa-
tients, the disease-specific EPP-QoL questionnaire was used.? The
revised version includes a total of 12 questions covering two do-
mains: severity of disease, containing a total of 10 questions, and
QolL, containing two questions. Questions were scored on a 4-point
Likert scale with scores of O to 3 for positive statements and 3 to O
for negative statements. Responses were then transformed into a
0-100 scale, higher scores indicating a higher quality of life.

Lastly, we used the DS-14 questionnaire, which consists of 14
questions:seven on negative affectivity and seven on social inhi-
bition.!! Negative affectivity refers to the tendency to experience
negative emotions. High negative affectivity individuals experience
more feelings of dysphoria, anxiety, and irritability. They have a neg-
ative view of self and scan their environment for signs of impending
trouble. Social inhibition refers to the tendency to inhibit the ex-
pression of emotions and behaviors in social interactions, to avoid
disapproval by others. High social inhibition individuals tend to feel
inhibited, tense, and insecure when with others. Questions were
rated on a 5-point Likert Scale ranging from O to 4. The total score
for each domain (social inhibition or negative affectivity) was 28. If
scores equaled 10 or more on either domain they were regarded as
positive for social inhibition or negative affectivity.11

Data on children with EPP and healthy controls was entered
and stored in Castor EDC, version 2022.5.2.0, from 2021 to 2023.

85U8017 SUOULIOD BAIER.ID 3|1 (dde aup Aq peueA0b d1e DN YO (38N JO S3IN1 104 ALRIQIT BUIUO AB]IM UO (SUORIPUOD-PUR-SULBY WD A8 1M A1 1 pUTUO//SANY) SUORIPUOD PUE SIS L U3 885 *[7202/0/9T] U0 AR1q178U1IuO AB]IM SESUI01AIGSIRISIBAIUN WepeNoy AISeAIUN snwses3 Aq 8rELT 8ET8-9VET/TTTT OT/I0PALOD A3 ARIqIBUIIUO//SURY W01} PopPeOjUMOQ ‘0 ‘BETBIVET



KLUIJVER ET AL.

A database validation check was performed in 10% of all data, cho-
sen at random by a fellow investigator. An error percentage of <5%
was considered acceptable. Previously collected data on adults with
EPP were exported from the database program, OpenClinica open
source software, version 2.1.

For analyses, data were summarized using median and inter-
quartile range for continuous non-parametric data, and frequencies
and percentages for categorical data. In instances where all cases
had matched controls, paired non-parametric tests were employed.
In instances where complete matching was not achieved, unpaired
non-parametric tests were used. Statistical tests with p-values were
2-sided with a significance level of 0.05. For the analysis of the
PedsQL and EPP-QoL questionnaires, the p-values were corrected
for multiple testing using the Bonferroni correction. Missing values
within the PedsQL and EPP-QoL were imputed by the median value
if more than 50% of the questionnaire was filled in. For PedsQL, this
included a total of two values and for EPP-QoL five values. All sta-
tistical analysis were performed using R Studio, version 2021.09.2.

TABLE 1 Baseline characteristics.
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3 | RESULTS

A total of 15 children with EPP were included with 13 matched
healthy children as controls. Two children were unable to provide a
healthy control. A total of nine children with EPP were matched on
age, sex, education, and nationality. The remaining four did not match
completely; one based on education, three based on sex, of whom
one also did not match on nationality. One control and three children
with EPP were excluded from the PedsQL analysis: two due to miss-
ing data, and two due to the presence of additional conditions that
limited their daily activities, these included pulmonary stenosis and
asthma. The child with EPP with an additional condition was included
in the EPP-QoL analysis as the questions are disease-specific, and the
presence of additional conditions would not significantly impact the
responses. For the adult controls, 15 individuals were successfully
matched on sex, 13 on age of diagnosis, and 12 on disease severity.
Baseline characteristics of participants are presented in Table 1,
which includes children with EPP as cases and both healthy children

Cases Controls
Children with EPP Matched healthy children  p? Matched adults with EPP p°

Participants, n 15 13 15
Sex, male, % 20.0 46.2 0.07 20.0 1.00
Age, years 13.0(11.0-15.0) 12.0(11.0-15.0) 0.85 42.0(31.5-50.0) <0.001*
Age diagnosis, years 5.0 (4.0-6.8) n.a. n.a. 6.0(2.0-8.0) 0.57
Missing, % 6.7 0.0
Fitzpatrick skin type, % 1.00 1.00

Type | 13.3 0.0 13.3

Type ll 53.3 30.8 53.3

Type lll 20.0 61.5 20.0

Type IV 0.0 0.0 0.0

Type V 0.0 0.0 0.0

Missing, % 13.3 7.7 13.3
Education, % <0.01* n.a. n.a.

Primary school 40.0 53.8

Secondary school 60.0 46.2

Secondary school, %° 60.0 46.2 0.10

Lower level 33.3 231

Higher level 26.7 23.1
Country of birth, % 0.04* 0.13

Netherlands 86.7 76.9 93.3

Belgium 13.3 15.4 0.0

USA 0.0 7.7 6.7
Nationality, % 0.15 0.13

Dutch 93.3 74.6 100.0

Belgian 6.7 77 0.0

Moroccan 0.0 7.7 0.0

(Continues)
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TABLE 1 (Continued)

Cases Controls
Children with EPP Matched healthy children  p? Matched adults with EPP p°
Relationship with case, % n.a. n.a. n.a. n.a.
Family® 7.7
Friends 76.9
School or sports 15.4
Photosensitivity (min)® 22.5(5.0-30.0) f n.a. 15.0(5.0-45.0) 0.28
Missing (%) 6.7 77 0.0
Protoporphyrin IX (umol/L 33.0(20.0-52.0) n.a. n.a. 45.0 (28.4-88.8) 0.27
erythrocytes)
Missing, % 13.3 0.0
FECH genotype, % n.a. n.a. 1.00
FECH variant and Polymorphism 93.3 93.3
(c.315-48T>C)
Missing, % 6.7 6.7
FECH variant type, % n.a. n.a. 0.97
Missense 46.7 40.0
Nonsense 0.0 26.7
Splice-site 33.3 20.0
Deletion 6.7 6.7
Deletion and insertion 6.7 0.0
Missing (%) 6.7 6.7

Note: Data is given in percentages for categorical values or median (interquartile range) for continuous variables. All significant p-values are bold and

noted by an asterisk (*).

Abbreviations: EPP, erythropoietic protoporphyria; FECH, ferrochelatase; n.a., not applicable.

ap-values were calculated using Fisher's exact test for categorical and Mann-Whitney U-test for continuous variables.

Pp-values were calculated using the McNemar test for categorical values or Wilcoxon signed-ranked test for continuous values.

“Secondary school was divided into the lower level, including preparatory secondary vocational education (in Dutch: VMBO, Voorbereidend
Middelbaar Beroepsonderwijs), and higher level, including both higher general secondary education (in Dutch: HAVO, Hoger Algemeen Voortgezet
Onderwijs), and preparatory scientific education (in Dutch: VWO, Voorbereidend Wetenschappelijke Onderwijs).

dFamily living in the same household were excluded.

®This was measured using the following questions. For patients with EPP: “How long can you be outside in direct sunlight before you experience EPP
symptoms?” For matched healthy children: “How long can you be outside in direct sunlight?”

fAll reported unlimited.

and adults with EPP as controls. The proportion of male partici-
pants was lower in the children with EPP compared to healthy chil-
dren (cases: 20%, controls: 46%, p=0.07). Median (IQR) age was
similar across child groups (cases: 13.0 [11.0-15.0], controls: 12.0
[11.0-15.0], p=0.85). A significantly higher proportion of children
with EPP attended secondary school compared to healthy children
(cases: 60.0%, controls: 46.2%, p<0.01). Most healthy children
from the control group were friends of the cases (76.9%), some
knew each other from extracurricular activities (15.4%), and one
control was a family member who did not reside within the same
household (7.7%).

The proportion of males was the same in children with EPP
compared to adults with EPP (children: 20%, adults: 20%, p=1.00).
They exhibited a similar age at diagnosis (children: 5.0 [IQR 4.0-6.8],
adults: 6.0 [IQR 2.0-8.0], p=0.57). The severity of photosensitivity,
estimated as the reported time spent outside in direct sunlight until

symptoms manifested, was similar across groups (children: 22.5 min-
utes [IQR 5.0-30.0], adults: 15.0 [IQR 5.0-45.0], p=0.28).

Characteristics on school, career, and vacation participation
are shown in Table 2. Nearly half of the children with EPP (46.6%)
reported having restrictions at school, while only 13% of healthy
controls reported restrictions (p=0.07). Furthermore, all children
(100.0%) with EPP needed adjustments at school to enable their
participation, compared to none (0.0%) of the healthy children
(p<0.001). Most (60.0%) mentioned being restricted in their ca-
reer choices because of EPP, compared 6.7% of the healthy controls
(p=0.07). Almost all children with EPP reported being restricted in
their vacations (cases: 93.3%, controls: 0.0%, p<0.01), with 53.3%
needing to adjust their destination, 33.3% their activities, and 6.7%
reporting not being able to go on vacation because of EPP.

In Table 3 and Figure 1, we present median (IQR) scores on QoL
from the PedsQL questionnaire. Children with EPP exhibited lower

85U8017 SUOULIOD BAIER.ID 3|1 (dde aup Aq peueA0b d1e DN YO (38N JO S3IN1 104 ALRIQIT BUIUO AB]IM UO (SUORIPUOD-PUR-SULBY WD A8 1M A1 1 pUTUO//SANY) SUORIPUOD PUE SIS L U3 885 *[7202/0/9T] U0 AR1q178U1IuO AB]IM SESUI01AIGSIRISIBAIUN WepeNoy AISeAIUN snwses3 Aq 8rELT 8ET8-9VET/TTTT OT/I0PALOD A3 ARIqIBUIIUO//SURY W01} PopPeOjUMOQ ‘0 ‘BETBIVET



KLUUVER eT AL mﬁ
TABLE 2 Characteristics of children with EPP and matched healthy children.
Matched healthy
Children with EPP (cases) children (controls) p
Participants, n 15 13
School participation, % 0.07
Unrestricted daily attendance 40.0 66.7
Cannot attend everyday due to health conditions 13.3 0.0
Other? 33.3 13.3
Missing, % 13.3 7.7
Restrictions in making career choice/choice affected by EPP 60.0 6.7 0.07
Missing 6.7 23.1
Adjustments at school are needed 100.0 0.0 <0.001*
Vacation <0.01*
Unrestricted 6.7 100.0
Restricted 93.3 0.0
Vacation restrictions 93.3 0.0 1.00
Need to adjust destination 53.3 0.0
Need to adjust activities 33.3 0.0
| cannot go on vacation due to EPP 6.7 0.0
| cannot go on vacation due to other reasons 0.0 0.0
Type of vacation 0.49
Beach 6.7 46.2
Active 13.3 38.5
Camping 13.3 154
City trip 6.7 0.0
Forrest 46.7 0.0
Other® 6.7 0.0
Missing 6.7 0.0

Note: All data is given in percentages (categorical values). All p-values were calculated using the Fisher's exact test. All significant p-values are bold

and noted by an asterisk (*).
Abbreviations: EPP, erythropoietic protoporphyria.

?Other case responses: “| stay at home with warm weathers”, “I can go to school with adjustments”, “I am restricted depending on what month, if it is
really warm weather or sunny outside | need to stay inside during recess”, “l go to school daily but | am restricted due to EPP”". Controls, “I have 1day

of school and 5days of work”, “I go to primary school”.
POther: cases, holiday home/cottage.

scores in the physical functioning domain compared to healthy controls
(cases: 87.5 [IQR 77.7-96.1], controls: 99.2 [IQR 94.9-100.0], p=0.03).
This difference was particularly evident in the areas of sports participa-
tion (cases: 87.5 [IQR 68.8-100.0], controls: 100.0 [IQR 100.0-100.0],
p=0.03); pain (cases: 68.8 [IQR 50.0-81.3], controls: 100.0 [IQR
75.0-100.0], p=0.03); and low energy (cases: 75.0 [IQR 71.9-100.0],
controls: 100.0 [IQR 87.5-100.0], p=0.03). These differences were not
statistically significant after correcting for multiple testing.

Patients with EPP also scored lower in social functioning (cases:
77.5 [IQR 69.4-86.3], controls: 97.5 [IQR 78.8-100.0], p=0.04).
Specifically, statistically significant differences were observed in
responses to “Cannot do things other kids do” (cases: 75.0 [IQR
43.8-75.0], controls: 100.0 [IQR 84.4-100.0], p=0.01) and “Hard to
keep up when playing with other kids” (cases: 50.0 [IQR 37.5-65.5],
controls: 100.0 [IQR 96.9-100.0], p <0.001).

Patients with EPP reported lower scores on “missing school
due to hospital visits” (cases: 75.0 [IQR 62.5-78.1], controls: 100.0
[IQR 96.9-100.0], p=0.02) within the school domain, although this
difference was not statistically significant after correcting for mul-
tiple testing. Other than that, EPP patients scored comparably to
the healthy controls with respect to school functioning. No signifi-
cant differences were observed between EPP patients and controls
in the emotional functioning, psychosocial scores, and total scores.
Table S1 presents a paired analysis of the PedsQL, revealing consis-
tent findings. Stratified analysis based on age, sex, year of inclusion,
and child versus parent-proxy reports are is shown in Tables S2-S5.

In Table 4, PedsQL scores from children with EPP are compared
to children from the Dutch reference population.12 Scores were
divided between children aged 8 to 12 and teenagers aged 13 to
18years; means were used for comparison. Although not statistically
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TABLE 3 Quality of life based on PedsQL scores of children with EPP and matched healthy children.

Children with EPP (cases) Matched healthy children (controls) p
Participants, n 12 12
Physical functioning 87.5(77.7-96.1) 99.2 (94.9-100.0) 0.03
Walking 100.0 (84.4-91.7) 100.0 (100.0-100.0) 0.11
Running 100.0 (87.5-100.0) 100.0 (100.0-100.0) 0.18
Sports participation 87.5(68.8-100.0) 100.0 (100.0-100.0) 0.03
Lifting heavy 100.0 (84.4-100.0) 100.0 (100.0-100.0) 0.40
Showering by myself 100.0 (100.0-100.0) 100.0 (100.0-100.0) 0.36.
Chores around the house 100.0 (93.8-100.0) 100.0 (100.0-100.0) 0.33
Pain, Wounds 68.8 (50.0-81.3) 100.0 (75.0-100.0) 0.03
Low energy 75 (71.9-100.0) 100.0 (87.5-100.0) 0.03
Emotional functioning 77.5 (68.8-88.1) 72.5(59.4-88.1) 0.77
Afraid/scared 87.5(75.0-100.0) 68.8 (62.5-90.6) 0.18
Sad/blue 75 (62.5-90.6) 68.8 (62.5-90.6) 0.70
Angry 75(71.2-87.5) 68.8 (59.4-81.3) 0.37
Trouble sleeping 62.5 (46.9-90.6) 81.3(59.4-100.0) 0.30
Worrying 87.5(71.9-100.0) 75 (62.5-90.6) 0.60
Social functioning 77.5 (69.4-86.3) 97.5(78.8-100.0) 0.04
Getting along with kids 87.5(75.0-100.0) 100.0 (84.4-100.0) 0.54
Kids wanting to be my friend 100.0 (87.5-100.0) 93.8 (68.8-100.0) 0.51
Teasing 100.0 (96.9-100.0) 100.0 (75.0-100.0) 0.64
Cannot do things other kids do 75.0(43.8-75.0) 100.0 (84.4-100.0) 0.01*
Hard to keep up when playing with other kids 50.0 (37.5-65.6) 100.0 (96.9-100) <0.001*
School functioning 81.3(72.5-91.3) 85.0(73.1-90.6) 0.77
Paying attention 81.3 (62.5-100.0) 75.0 (62.5-100.0) 0.79
Forgetting things 81.3(62.5-100.0) 75.0 (59.4-78.1) 0.34
Keeping up with schoolwork 87.5 (75.0-100.0) 75.0 (75.0-100.0) 0.47
Missing school 81.3 (75.0-100.0) 100.0 (75.0-100.0) 0.55
Missing school due to hospital visits 75.0 (62.5-78.1) 100.0 (96.9-100.0) 0.02
Psychosocial score? 78.3 (66.7-88.8) 80.4 (75.0-90.4) 0.53
Total score” 80.2 (71.5-89.0) 86.4 (83.3-92.5) 0.19

Note: All data are given as median (interquartile range). Scores range from O to 100, with higher scores indicating a higher quality of life. p-values are
calculated using the Mann-Whitney U-test. All p-values <0.05 are bold, and all significant p-values after Bonferroni correction (0.05/4=0.0125 are

noted by an asterisk (*)).

Abbreviation: EPP, erythropoietic protoporphyria; PedsQL, Pediatric Quality of Life Inventory.

?Includes emotional, social, and school functioning.
PIncludes physical, emotional, social, and school functioning.

tested, children seemed to have scored lower in all domains when
compared to the healthy reference population, while teenagers only
scored lower in social functioning. Notably, our matched healthy
children seemed to have scored higher than the Dutch reference
population.

Table 5 and Figure 2 present the outcomes for the EPP-QolL
scores. The median QoL score for children with EPP closely resem-
bled the QoL scores of matched adults with EPP prior to treatment
with afamelanotide (children: 44.4% [IQR 25.0-54.2], adults: 45.8%,
[IQR 25.7-68.1], p=0.68). Furthermore, the QoL scores among chil-
dren in our study aligned with previously reported EPP-QoL scores

in untreated adult EPP populations, which were found to be at 44.0%
(IQR 21.2-69.4).%

When we further split the total EPP-QoL score into its two do-
mains, quality of life and disease severity, a different trend became
evident. We observed significantly lower median scores in the QoL
domain in children with EPP (children: 16.7% [IQR 0.0-33.3], adults:
33.3% [IQR 33.3-62.5], p<0.01). In contrast, no significant differ-
ence was detected in the disease severity scores (children: 50.0 [IQR
28.3-58.33], adults: 43.3 [IQR 20.8-70.0], p=0.97).

Outcomes on the VAS health perception score and the DS-14
questionnaire on negative affectivity and social inhibition scores are
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FIGURE 1 Quality of life scores based
on the Pediatric Quality of Life Inventory
(PedsQL) of children with erythropoietic
protoporphyria (EPP; cases) compared to
matched healthy children (controls). The
figure illustrates the median scores and
interquartile range of the children with
EPP in orange (case, left) and matched
healthy children in green (control, right).
The median value is indicated inside each
box, with p-values from Mann-Whitney
U tests for each domain included in the
figure. Significant p-values are indicated
in bold and marked with an asterisk (*).
**includes emotional, social and school
functioning. ***includes physical,
emotional, social, and school functioning.

TABLE 4 Comparing Quality of life
based on the PedsQL of children with EPP,
matched controls, and a Dutch children
reference Population.

PedsQL Score (%)

DERMATOLOGICAL
ASSOCIATION

p=0.03
1004

2]
o
I

60

40+

p=077

p=0.04

p=077 p=053

?.

p=019

E Case
‘ Control

Physical

Emotional

Social

School

Psychosocial*

PedsQL Domain

Total™

Children with EPP

Matched healthy

Healthy reference

(cases) children (controls) population NL'?
Children (8-12years)
Participants, n 5 8 192
Physical functioning 84.4(9.2) 98.8(2.2) 85.3(8.8)
Emotional functioning 70.0 (16.5) 73.1(18.1) 76.9 (13.8)
Social functioning 76.5(15.7) 92.8 (10.5) 76.5(12.2)
School functioning 78.0(16.3) 83.8(12.2) 78.9 (11.9)
Psychosocial score? 74.8 (13.3) 83.2(9.8) 80.8 (10.3)
Total score® 78.2(9.1) 88.7 (6.5) 82.3(8.8)
Teenagers (13-18years)
Participants, n 7 4 148
Physical functioning 87.5(13.2) 88.3(16.4) 86.8(9.2)
Emotional functioning 81.4 (17.6) 78.1(19.1) 77.5 (15)
Social functioning 76.8 (11.3) 78.8(21.8) 90.1(11.4)
School functioning 82.1(11.7) 75.0(21.1) 76.0(12.7)
Psychosocial score® 80.1(12.9) 77.3(20.3) 81.2(10.2)
Total score® 82.7 (82.7) 81.1(18.0) 83.1(8.9)

shown in Table 6 and Figure S1. The scores of children with EPP

were comparable to adults with EPP from a prior study.® Children

with EPP exhibited significantly more social inhibition compared to
healthy children (cases: 66.7%, controls: 46.2%, p=0.02). There was

Includes emotional, social and school functioning.

PIncludes physical, emotional, social and school functioning.

Note: Data is given in mean (standard deviation) for comparisons to prior research.}? Scores range
from O to 100, with higher scores indicating a higher quality of life.
Abbreviations: EPP, erythropoietic protoporphyria; NL, the Netherlands. PEDsQL, Pediatric Quality
of Life Inventory.

no difference found in negative affectivity between cases and con-

trols. The median VAS health perception scores were significantly

lower in children with EPP compared to healthy children (cases: 80.0
[IQR 78.5-90.0] controls: 91.0 [IQR 90.0-97.0], p=0.04).
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TABLE 5 EPP-Qol questionnaire scores of children with EPP compared to adults with EPP.

Children with EPP

Matched adults with

Prior research

Adults with EPP Adults with EPP

(cases) EPP (controls) p before®® treated®®
Number of participants, n 15 15 119 100
Total score 44.4(25.0-54.2) 45.8 (25.7-68.1) 0.68 44.0(21.2-69.4) 75.0 (63.9-88.9)
Missing 0.0 6.7
Quality of life Domain 16.7 (0.0-33.3) 33.3(33.3-62.5) <0.01* n.a. n.a.
Severity of disease 50.0 (28.3-58.3) 43.3(20.8-70.0) 1.00 n.a. n.a.

Domain

Note: All data is given in median, and first and third quartile for comparisons to prior research.® p-values are calculated using Wilcoxon signed-rank
tests. All significant p-values after Bonferroni correction (0.05/2=0.025) are bold and noted by an asterisk (*). Scores range from 0 to 100, with

higher scores indicating a higher QoL.

Abbreviation: EPP, erythropoietic protoporphyria. EPP-Qol, Erythropoietic protoporphyria Quality of Life questionnaire.
2“Adults with EPP before” refers to adults with EPP before they initiated treatment with afamelanotide.
PAdults treated with EPP refers to the scores of adults with EPP who were treated with afamelanotide.

Lastly, our analysis revealed no significant correlations between
protoporphyrin IX levels and QoL scores (Table S6). Moreover, there
was no difference in QoL scores when comparing different FECH

variant types (S7).

4 | DISCUSSION

In this study we demonstrate a clinically relevant reduction in the
QoL in children with EPP when compared to healthy children and
adults with EPP. Within the QoL domains of the PedsQL, both physi-
cal and social functioning seem to be affected. When compared to
adults with EPP, overall scores and disease severity scores were sim-
ilar, however, the QoL scores were lower in children. Children with
EPP exhibited a higher percentage of social inhibition compared to
healthy children.

Quality of life in children with EPP was especially affected in the
social and physical domains. The higher occurrence of social inhibi-
tion confirms the suspected impact of disease on social well-being in
these children. These findings are in line with prior research in adults
with EPP that also reported a negative impact on social and physical
functioning.3

The decreased physical functioning seems to result from pain,
lower energy levels, and reduced sports participation. The painful
phototoxic reactions characterizing the disease are likely to have a
substantial impact on physical functioning. Previous studies have
shown that EPP can affect the circadian rhythm, with later bedtimes
and lower sleep efficiency in untreated adult patients.13 It is plau-
sible that sleep is also affected in children with EPP, which could
possibly explain the lower scores on energy levels. Other potential
explanations may include anaemia'* and vitamin D deficiency,*>*¢
often seen in EPP patients, or inflammation resulting from photo-
toxic reactions.” The inability to participate in sports within the
physical functioning domain, overlaps with the shortcomings pa-
tients experience in their social functioning, namely social par-
ticipation. It is highly likely that sun-avoiding behavior to prevent

phototoxic reactions impacts the ability to participate in social activ-
ities, considerably impacting their QoL. Interestingly, teenagers with
EPP seem to score higher in their physical functioning compared to
children, suggesting that a better understanding and coping mecha-
nisms may contribute to improved physical functioning.

When evaluating physical functioning of children with EPP in re-
lation to children with other prevalent chronic diseases (e.g. diabetes
and asthma), the EPP population exhibits higher scores.'® However,
in the context of social functioning, EPP children demonstrate seem-
ingly lower scores compared to children with other chronic diseases
including diabetes, gastrointestinal conditions, and rheumatological
disorders.8

Although children with EPP reported being restricted in school,
needing adjustments, missing school because of hospital visits, and
illness related to EPP, their overall school functioning was not af-
fected. A previous study observing higher educational attainment
in adults with EPP compared to the healthy population supports
adequate school functioning in this population.® That EPP does not
affect school functioning could be explained by the children's lives
being confined indoors, which could lead to improved school per-
formance because they engage in more reading and learning activ-
ities. Although plausible, further research is needed to confirm this
hypothesis.

Disease specific quality of life (EPP-QoL) scores in children with
EPP are found to be comparable to adults with EPP prior to treat-
ment. However, when observing the subdomains a different pattern
became evident. The matched adults scored similarly in the disease
severity domain, but the QoL domain in children was substantially
lower. This finding is in line with our hypothesis and what was previ-
ously suggested in other studies.>” A possible explanation could be
that as patients age, they develop an ability to cope with limitations
associated with EPP and have adapted their lifestyle.”!? Despite this,
adults still perceive their lives as significantly restricted.”!? Another
reason could be the limited understanding the children and their
family, friends and teachers have of their disease, coupled with a
lack of age-appropriate information.”
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FIGURE 2 Erythropoietic (a) EPP-QoL: Total Score
protoporphyria (EPP) specific Quality of
life Questionnaire (EPP-Qol) of children

with EPP (cases) compared to adult with p=0.68
EPP (controls). The figure illustrates the

median scores and interquartile range of 75
the children in orange (left) and matched

adults with EPP in green (right). The «
median value is indicated inside each box, °j
with p-values from Wilcoxon signed-rank § 50
tests included in the figure. Significant &l
p-values are indicated in bold and marked it
with an asterisk (*). The figure presents

data for three categories: (a) Total EPP- 25
QoL Score, (b) Severity of Disease Domain

Score, and (c) Quality of Life Domain
Score.
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TABLE 6 Differencesin VAS health perception scores, social inhibition, and negative affectivity of children with EPP, healthy matched

children, and adults with EPP.

Children with EPP Matched healthy Adults with EPP Adults with EPP
(cases) children (controls) p Before® Treated®
Participants (n) 15 13 n.a. 95 95
Social inhibition? 66.7 46.2 0.02* 411 34.7
Social inhibition score 12.0(5.5-15.5) 8(3.0-11.0) 0.31 7.0(3.0-15.0) 7.0(2.0-11.0)
Negative affectivity® (%) 40.0 46.2 0.59 421 40.0
Negative affectivity score 7.0 (5.0-12.0) 8(4.0-13.0) 0.96 8.0 (4.0-13.0) 7.0 (2.0-13.0)
Health perception score 80.0(78.5-90) 91.0 (90.0-97.0) 0.04* 80.0 (70-90) 80 (70-90)

Note: All data is given in percentages for categorical values or median (first and third quartile) for continuous variables and compared to prior
research.® p-values are calculated using Mann Whitney U-test for continuous values and Fisher's exact test for categorical values. All significant p-

values are bold and noted by an asterisk (*).

Abbreviation: EPP, erythropoietic protoporphyria; n.a., not applicable; VAS, visual analog scale.

?Social inhibition and negative affectivity is defined as on a score = 10.

Theimpact of EPP onthe QoL and social engagements of affected
children underlines the importance for effective treatment options.
Previous studies have shown up to 30% substantial improvement in
EPP-Qol in adult patients treated with afamelanotide,®® Given the
comparatively lower QoL among untreated children, similar, or
potentially even better, results can be expected in children with
effective treatment. However, the current available treatment (af-
amelanotide) has not yet received approval for children because of
the absence of safety and efficacy data for individuals aged 18 and
younger. Although afamelanotide is administered through subcuta-
neous implants, this mode may not be ideal for pediatric patients
because of their invasiveness, alternatives such as bitopertin®® and

Y currently undergoing phase I-lll trials, are taken

dersimelagon,?
orally. We encourage the inclusion of children in trials to make treat-
ment accessible for EPP patients across all age groups in the future.
Limitations of this study include the relatively small samples after
stratification, making some comparisons difficult. The years of inclu-
sion, consisting of years of lockdown due to the COVID-19 pandemic,
might also have affected the results. Healthy controls filled in ques-
tionnaires at the same time-period, justifying this comparison. No sig-
nificant differences in PedsQL scores during the pandemic could be
found on stratification analysis (see Supporting Information). Sex could
be a confounding factor, although previous studies on PedsQL in chil-
dren found that boys and girls report similar QoL at a young age with
no differences found in the social functioning domain.??2% Physical
functioning could be affected in teenage girls, although physical func-
tioning was also significantly lower in younger children with EPP, mak-
ing confounding unlikely. We should, however, take into account that
these variables might impact the reported QoL. Selection bias may be
present as children with more severe EPP cases and a higher disease
burden might be more inclined to attend doctor visits and thus be re-
cruited for study participation. Despite these limitations, our results
point towards a significantly reduced QoL in the children with EPP.
Strengths of this study lie in the relatively large sample of children
with EPP, given the rarity of the disease, and the multicenter design
with inclusion of two Northern European countries. Questionnaires
from children and healthy controls were taken within the months EPP

patients are most affected, namely spring and summer, mitigating
the affect Northern European weather might have on the quality of
life. This was, however, not taken into account for the questionnaires
taken from the adults with EPP. Furthermore, the availability of data
on adults with EPP enabled comparisons with both healthy controls
and adults. This, and utilizing both general and disease-specific QoL
assessments, led to a comprehensive and thorough analysis of the
QoL in children with EPP, thereby filling in an existing knowledge
gap in the field of EPP. Although the EPP-QolL questionnaire is not
validated for children, our results suggest that this questionnaire is
also appropriate in children with EPP.

In conclusion, children with EPP suffer from a markedly reduced
QoL compared to both matched healthy controls and adults with
EPP. Ensuring treatment availability for children with EPP is crucial
for improving their QoL, particularly in terms of social and physical
functioning. We advocate the inclusion of children and teenagers in
safety and efficacy studies, for both new and existing drugs for EPP,

to ensure availability of treatment in the future.
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