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Abstract
 Background: Erythropoietic protoporphyria and X-linked protoporphyria (collectively, EPP) are rare
inherited metabolic disorders of the heme biosynthetic pathway characterized by severe photosensitivity
and painful phototoxic reactions upon sunlight exposure. This study sought to describe health-related
quality of life, symptoms, and healthcare resource utilization in European patients with EPP. Participants
aged ≥ 12 years with a diagnosis of EPP residing in France, Germany, Italy, Spain, or the UK completed a
one-time online questionnaire. Patient consent and ethics approval were obtained. Results: Ninety-one
adults and 10 adolescents participated; 76% of adults and 38% of adolescents could spend ≤ 30 minutes
in direct or indirect sunlight before prodromal symptoms started. Thirty-six percent (Italy) to 67% (Spain)
of participants experienced prodromal symptoms ≥ 5 times in the past three months. Sixty-nine percent
of participants experienced pain after < 30 minutes of direct sunlight, and over half experienced pain
from indirect sunlight. The most recent phototoxic reaction limited daily activities “very much” in 58% of
participants (range: 40% Spain to 86% UK). Participants reported a high emotional burden, including
sadness/depression (66%), anxiety (60%), frustration (86%), loneliness (74%), and isolation (84%) due to
their EPP. EPP negatively impacted work productivity for 9% (Italy) to 42% (France) of participants
currently working. Conclusions: Europeans with EPP frequently experience prodromal symptoms and
phototoxic reactions that impose a negative impact on health-related quality of life and ability to do daily
activities, highlighting the need for early diagnosis and effective treatments.

Background
Erythropoietic protoporphyria and X-linked protoporphyria (collectively referred to as EPP) are rare
genetic disorders of the heme biosynthetic pathway [1, 2]. EPP is a debilitating condition characterized
by skin phototoxicity to sunlight (both direct and indirect) and to some types of artificial light (e.g.,
fluorescent light). Symptoms after exposure to sunlight or artificial light include burning, itching, and pain
on exposed areas of the skin [2–5], which can last for hours or even days [5]. Affected individuals may
also experience edema and/or redness or inflammation of the skin [2]. Areas not typically covered in
clothing, such as the dorsum of the hands, arms, and face, are most commonly affected.

Studies from European countries estimate EPP prevalence to be 1 in 57,000 to 1 in 200,000 [6–8]. The
onset of photosensitivity generally occurs in early childhood [2]. The diagnosis of EPP is often delayed,
with a US study reporting the mean time between initial symptoms and diagnosis of 13 years [9]. The
health-related quality-of-life (HRQoL) impact for individuals with EPP is significant [10–13].

Studies of individuals with EPP living in Sweden, the UK, and the Netherlands have reported that EPP
imposes significant psychosocial strain and decrements to HRQoL from pain, poorer physical
functioning, and worse mental and emotional health [13–15]. However, information regarding the burden
of EPP on children and healthcare resource use (HRU) in Europe is lacking.

Therefore, this study sought to describe symptoms, impacts to HRQoL (including physical, mental,
emotional, and social functioning), and HRU associated with EPP, as well as satisfaction with and
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preference for treatments among individuals in France, Germany, Italy, Spain, and the UK.

Methods

Participants and Study Type
Individuals aged 12 years or older with a self-reported diagnosis of EPP, who resided in France, Germany,
Italy, Spain, or the UK, were recruited through local EPP patient advocacy groups (Selbsthilfe EPP e.V.
[Germany], Association Française des Malades Atteints de Porphyries [France], PORFIR.I.A Domenico
Tiso - Associazione Italiana Malati di Porfiria Domenico Tiso [Italy], the British Porphyria Association
[UK], and Asociación Española de Porfiria [Spain]). To the extent possible, an effort was made to diversify
recruitment based on demographic characteristics so that participants enrolled represented a
heterogeneous sample across males and females of all ages, educational levels, and geographic
location. Data collection took place from August to October 2025.

Eligible participants were required to speak, read, and write in English, French, German, Italian, Spanish,
or Welsh and be willing to complete one online questionnaire that could take approximately 60 minutes.
Those with a medical or psychiatric condition or treatment for a condition that resulted in a cognitive or
other (e.g., visual, hearing) impairment that would interfere with participating in the study were excluded.
Clinical study nurses in each participating country (except France) screened interested individuals to
ensure they met the eligibility. Data protection laws in France made the use of nurse screening not
feasible, so self-reporting of an EPP diagnosis was used for individuals in France.

Participants (or their caregiver/parent when appropriate) provided consent to the use of personal data
for this study, except in France, where non-opposition was implied by the completion of the study
questionnaire. Independent ethics approvals were obtained in the countries that required them: Spain,
Italy, and the UK.

Questionnaires and Data Collection
The questionnaire contained several existing, validated, and original patient-reported outcome (PRO)
HRQoL measures. These included questions from the EPP Impact Questionnaire (EPIQ) [16], questions
assessing prodromal symptoms and pain from EPP (Sunlight Exposure Diary) [17], select domains from
the KIDSCREEN-27 Psychological Well-Being and Peers and Social Support (adolescents only) [18, 19],
and Patient-Reported Outcomes Measurement System (PROMIS) scales (Satisfaction with Social Roles
and Activities – 8a, Peer Relationships – 8a [adolescents only], and Social Isolation – 4a) [20]. The
questionnaire also included original questions assessing physical functioning, anxiety, depression,
fatigue, bullying/being treated unfairly, work/school absenteeism or productivity loss, and need for
accommodations in doing daily activities. Additional original questions assessing EPP diagnosis and
HRU, such as visits to the emergency room (ER) or hospital, visits to physicians, and use of both
prescription and over-the-counter medication use were also included. Other original questions were
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included to assess experience with and preference for various modes of treatment administration (e.g.,
oral versus implant). Finally, participants also completed questions assessing demographic and clinical
characteristics for describing the study population.

Two versions of the questionnaire were developed: one for adults and one for adolescents. These were
translated into each local language for use in each of the five countries.

Statistical Analyses
Data were analyzed descriptively. Scale scores were calculated for the existing PRO measures using
established scoring guidelines and original questions were analyzed individually. For the PROMIS
measures, T-scores were calculated for each participant, as detailed by those measures’ instructions.
The T-score is a standardized score, with a mean of 50 and a standard deviation (SD) of 10. On the
PROMIS Social Isolation measure, a higher score represents more isolation, while on the PROMIS
Satisfaction with Social Roles and Activities measure, a lower score reflects less satisfaction. A lower
score on the PROMIS Peer Relationships-8a represents a worse relationship with peers. A difference of
three T-score points or more is considered meaningful on PROMIS measures [21, 22].

For the KIDSCREEN-27, T-scores were calculated for the two domains: Peers and Social Support and
Psychological Well-Being. For each domain, a higher T-value represents better HRQoL. KIDSCREEN-27
does not provide information on differences in T-scores that are considered meaningful, so for this study
it was assumed that a difference of at least 0.5 standard deviations (or 5 T-score points) reflects a
meaningful difference.

Compensation and Ethical Considerations
Each participant received a £80 / €95 shopping voucher upon completion of the questionnaire. This
study was submitted to ethical review boards for approval or waivers whenever required by local law.
Regulatory authorities were notified, and approval was sought as required by local laws and regulations.

Results

Demographic and Clinical Characteristics
Ninety-one adult and 10 adolescent participants completed the questionnaire (5 adults and no
adolescents had confirmed X-linked protoporphyria), including 33 from France, 21 from Germany, 15
from Italy, 10 from Spain, and 22 from the UK. France had the most adolescent participants (6), followed
by the UK (3) and Spain (1); there were no adolescent participants from Italy or Germany. The majority of
adults was female (69%), with a college degree or higher (58%), married (51%), and working full- or part-
time for pay (82%). Fifty percent of adolescents were female, 60% had a high school diploma or
equivalent, and 100% went to school full-time. The youngest participants, on average, were from France
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(mean 37.1 years); the oldest participants were from Italy (mean 50.3 years). Females outnumbered
males in each country, but marital status, income, and work/school status varied by country (Table 1).
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Table 1
Sociodemographic and clinical characteristics of full sample by European country

Characteristic France

(n = 33)

Germany

(n = 21)

Italy

(n = 15)

Spain

(n = 10)

UK

(n = 22)

Age, years, mean ± SD (range) n = 32 n = 20      

37.1 ± 
18.7

(14–87)

48.1 ± 
12.5

(18–68)

50.3 ± 
11.2

(28–68)

39.6 ± 
14.5

(13–54)

43.5 ± 
18.0

(12–79)

Gender, n (%)          

Male 10 (30.3) 8 (38.1) 5 (33.3) 2 (20.0) 6 (27.3)

Female 22 (66.7) 12 (57.1) 10 (66.7) 8 (80.0) 16 (72.7)

Non-binary 1 (3.0) 1 (4.8) 0 (0.0) 0 (0.0) 0 (0.0)

Education, n (%)          

Middle school/junior high 4 (12.1) 5 (23.8) 0 (0.0) 1 (10.0) 2 (9.1)

High school diploma or
equivalent

7 (21.2) 7 (33.3) 8 (53.3) 1 (10.0) 7 (31.8)

Some college 1 (3.0) 3 (14.3) 0 (0.0) 1 (10.0) 1 (4.6)

College degree 12 (36.4) 5 (23.8) 7 (46.7) 7 (70.0) 6 (27.3)

Professional/advanced degree 9 (27.3) 1 (4.8) 0 (0.0) 0 (0.0) 6 (27.3)

Marital status, n (%) n = 27 n = 21 n = 14 n = 9 n = 19

Married 11 (40.7) 11 (52.4) 10 (71.4) 3 (33.3) 11 (57.9)

Living together with a partner 6 (22.2) 4 (19.1) 1 (7.1) 1 (11.1) 1 (5.3)

Widowed 0 (0.0) 1 (4.8) 1 (7.1) 0 (0.0) 0 (0.0)

Divorced 2 (7.4) 0 (0.0) 1 (7.1) 1 (11.1) 1 (5.3)

Separated 2 (7.4) 1 (4.8) 1 (7.1) 0 (0.0) 1 (5.3)

Single/Never married 6 (22.2) 4 (19.1) 0 (0.0) 4 (44.4) 5 (26.3)

Annual household income, n (%) n = 21 n = 16 n = 11 n = 7 n = 18

< £15,000 3 (14.3) 1 (6.3) 0 (0.0) 1 (14.3) 2 (11.1)

£15,000 to 29,999 9 (42.9) 2 (12.5) 5 (45.5) 2 (28.6) 2 (11.1)

£30,000 to 49,999 3 (14.3) 0 (0.0) 3 (27.3) 1 (14.3) 4 (22.2)

£50,000 to 74,999 4 (19.1) 7 (43.8) 3 (27.3) 2 (28.6) 4 (22.2)
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Characteristic France

(n = 33)

Germany

(n = 21)

Italy

(n = 15)

Spain

(n = 10)

UK

(n = 22)

≥ £75,000 2 (9.5) 6 (37.5) 0 (0.0) 1 (14.3) 6 (33.3)

Work/school status, n (%) n = 32 n = 21 n = 14 n = 10 n = 22

Work full-time for pay 21 (65.6) 12 (57.1) 10 (71.4) 7 (70.0) 10 (45.5)

Work part-time for pay 2 (6.3) 5 (23.8) 2 (14.3) 0 (0.0) 7 (31.8)

Do not work due to EPP 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Do not work, unrelated to EPP 1 (3.1) 2 (9.5) 1 (7.1) 1 (10.0) 2 (9.1)

Go to school part time 0 (0.0) 1 (4.8) 0 (0.0) 0 (0.0) 0 (0.0)

Go to school full time 6 (18.8) 1 (4.8) 0 (0.0) 2 (20.0) 3 (13.6)

Other 6 (18.8) 5 (23.8) 1 (7.1) 0 (0.0) 1 (4.6)

The mean age at the time of diagnosis for the full sample was 17 years, and most (67%) diagnoses were
confirmed based on genetic testing. Fifty-one percent of participants reported the time to EPP diagnosis
was ≥ 5 years, but that varied by country: that percentage was fewer than half in France (36%), Spain
(40%), and the UK (41%), but much higher in Italy (73%) and Germany (76%). Co-morbid conditions were
common among participants and included vitamin D deficiency (71% of adults, 70% of adolescents),
anemia (55% of adults, 40% of adolescents), and gallstones (30% of adults, 0% of adolescents). Eight
adults (9%) and 1 adolescent (10%) reported liver disease at the time of the study (defined as elevated
liver enzymes or liver fibrosis). Seventeen percent of participants (all adult) had their gallbladder
removed, and 79% (81% of adults and 60% of adolescents) had undergone a liver ultrasound.

Prodromal Symptoms and Phototoxic Reactions
Seventy-six percent of adults and 38% of adolescents indicated that they could spend ≤ 30 minutes in
direct or indirect sunlight before having prodromal symptoms. Within each country, the overall percent
that experienced prodromal symptoms after ≤ 30 minutes ranged from 67% in Germany to 81% in the UK
(Table 2). Half of participants (50% of adults and 50% of adolescents; Supplemental Table 1)
experienced prodromal symptoms at least five times in the past three months (range: 36% in Italy to 67%
in Spain). All adolescent participants (100%) and 44% of adults said prodromal symptoms affect their
ability to do daily activities “quite a bit” or “very much.” That percent in the full sample was higher in
France (63%), Spain (70%), and the UK (57%) than in Italy (43%) and Germany (21%). In all countries, a
majority reported that they “usually” or “always” experience prodromal symptoms before a phototoxic
reaction (range: 71% in Italy – 90% in Spain).
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Table 2
Timing and characteristics of prodromal symptoms, by European country

Characteristic France

(n = 33)

Germany

(n = 22)

Italy

(n = 
15)

Spain

(n = 
10)

UK

(n = 
22)

Time in sunlight before having prodromal
symptoms, n (%)

n = 31 n = 21 n = 14 n = 9 n = 21

≤ 10 minutes 9 (29.0) 7 (33.3) 3
(21.4)

1
(11.1)

6
(28.6)

> 10 to ≤ 30 minutes 12
(38.7)

7 (33.3) 7
(50.0)

6
(66.7)

11
(52.4)

> 30 minutes 10
(32.3)

7 (33.3) 4
(28.6)

2
(22.2)

3
(14.3)

Times in past 3 months experienced
prodromal symptoms, n (%)

n = 32 n = 21 n = 14 n = 9 n = 20

0 times 4 (12.5) 2 (9.5) 3
(21.4)

1
(11.1)

3
(15.0)

5 to 9 times 14
(43.8)

7 (33.3) 6
(42.9)

2
(22.2)

6
(30.0)

10 + times 4 (12.5) 1 (4.8) 2
(14.3)

2
(22.2)

2
(10.0)

1 to 4 times 10
(31.3)

11 (52.4) 3
(21.4)

4
(44.4)

9
(45.0)

Did prodromal symptoms affect ability to do
daily activities, n (%)

n = 32 n = 19 n = 14 n = 10 n = 21

Not at all 1 (3.1) 1 (5.3) 0 (0.0) 0 (0.0) 1 (4.8)

A little bit 4 (12.5) 6 (31.6) 5
(35.7)

1
(10.0)

4
(19.0)

Somewhat 7 (21.9) 8 (42.1) 3
(21.4)

2
(20.0)

4
(19.0)

Quite a bit 13
(40.6)

4 (21.1) 4
(28.6)

6
(60.0)

3
(14.3)

Very much 7 (21.9) 0 (0.0) 2
(14.3)

1
(10.0)

9
(42.9)

How often experience prodromal symptoms
before a phototoxic reaction, n (%)

n = 31 n = 21 n = 14 n = 10 n = 20

Never 0 (0.0) 1 (4.8) 0 (0.0) 0 (0.0) 0 (0.0)

Rarely 1 (3.2) 1 (4.8) 0 (0.0) 0 (0.0) 0 (0.0)
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Characteristic France

(n = 33)

Germany

(n = 22)

Italy

(n = 
15)

Spain

(n = 
10)

UK

(n = 
22)

Sometimes 6 (19.4) 2 (9.5) 4
(28.6)

1
(10.0)

3
(15.0)

Usually 8 (25.8) 4 (19.5) 0 (0.0) 2
(20.0)

11
(55.5)

Always 16
(51.6)

13 (61.9) 10
(71.4)

7
(70.0)

6
(30.0)

The most common prodromal symptom reported for the full sample was sensitivity to hot/cold (84%;
range = 71% in Italy to 91% in Germany), followed by sensitivity to touch (83%; range = 75% in UK to 90%
in Spain), feelings of warmth (78%; range = 57% in Italy to 84% in France), burning (70%; range = 50% in
Italy to 90% in Spain), itching (69%; range = 57% in Italy to 90% in Spain), and pain (68%; range = 50% in
Italy to 80% in Spain). In the full sample, of those who experienced prodromal symptoms of tingling,
burning, sensitivity to hot or cold, sensitivity to touch, pain, feelings of warmth, and swelling, ≥ 50%
reported the severity as “moderate” or “severe.”

More than half (53%) of participants reported they “often” or “always” experience pain from indirect
sunlight (range = 50% Spain and UK to 60% Germany; Table 3), and 58% experience pain from a
phototoxic reaction after < 30 minutes in indirect sunlight (range = 52% France to 73% UK). When
exposed to direct sunlight, 69% reported experiencing pain from a phototoxic reaction after < 30 minutes
(range = 60% Italy to 82% UK).
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Table 3
Sunlight exposure and phototoxic reactions, by European country

Characteristic France

(n = 33)

Germany

(n = 21)

Italy

(n = 15)

Spain

(n = 
10)

UK

(n = 22)

Phototoxic reactions in past 12 months, n
(%)

n = 32 n = 21 n = 15 n = 9 n = 22

0 13
(40.6)

7 (33.3) 6
(40.0)

3
(33.3)

7
(31.8)

1 to 3 17
(53.1)

10 (47.6) 8
(53.3)

4
(44.4)

13
(59.1)

4 to 9 1 (3.1) 4 (19.1) 1 (6.7) 2
(22.2)

2 (9.1)

≥ 10 1 (3.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Time since last phototoxic reaction in years,
n (%)

n = 33 n = 21 n = 14 n = 10 n = 22

< 1 year 12
(36.4)

9 (42.9) 6
(42.9)

6
(60.0)

14
(63.6)

1 to 3 years 13
(39.4)

5 (23.8) 3
(21.4)

3
(30.0)

5
(22.7)

4 to 9 years 3 (9.1) 3 (14.3) 1 (7.1) 0 (0.0) 0 (0.0)

≥ 10 years 5 (15.2) 4 (19.1) 4
(28.6)

1
(10.0)

3
(13.6)

How often pain from indirect sunlight, n (%) n = 33 n = 20 n = 15 n = 10 n = 22

Never 2 (6.1) 1 (5.0) 0 (0.0) 0 (0.0) 1 (4.6)

Rarely 6 (18.2) 4 (20.0) 1 (6.7) 3
(30.0)

4
(18.2)

Sometimes 8 (24.2) 3 (15.0) 6
(40.0)

2
(20.0)

6
(27.3)

Often 10
(30.3)

7 (35.0) 3
(20.0)

3
(30.0)

6
(27.3)

Always 7 (21.2) 5 (25.0) 5
(33.3)

2
(20.0)

5
(22.7)

Minutes in indirect sun before pain from
phototoxic reaction, n (%)

n = 33 n = 19 n = 15 n = 10 n = 22

< 5 minutes 2 (6.1) 2 (10.5) 0 (0.0) 0 (0.0) 2 (9.1)
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Characteristic France

(n = 33)

Germany

(n = 21)

Italy

(n = 15)

Spain

(n = 
10)

UK

(n = 22)

5 to < 10 minutes 5 (15.2) 2 (10.5) 3
(20.0)

0 (0.0) 4
(18.2)

10 to < 30 minutes 10
(30.3)

6 (31.6) 5
(33.3)

6
(60.0)

10
(45.5)

30 to < 60 minutes 11
(33.3)

1 (5.3) 3
(20.0)

1
(10.0)

3
(13.6)

60 or more minutes 5 (15.5) 8 (42.1) 4
(26.7)

3
(30.0)

3
(13.6)

Minutes in direct sun before pain from
phototoxic reaction, n (%)

n = 32 n = 21 n = 15 n = 10 n = 22

< 5 minutes 6 (18.8) 3 (14.3) 3
(20.0)

1
(10.0)

5
(22.7)

5 to < 10 minutes 6 (18.8) 5 (23.8) 3
(20.0)

4
(40.0)

4
(18.2)

10 to < 30 minutes 10
(31.6)

5 (23.8) 3
(20.0)

2
(20.0)

9
(40.9)

30 to < 60 minutes 6 (18.8) 5 (23.8) 2
(13.3)

2
(20.0)

4
(18.2)

60 or more minutes 4 (12.5) 3 (14.3) 4
(26.7)

1
(10.0)

0 (0.0)

How last phototoxic reaction affected ability
to do daily activities, n (%)

n = 32 n = 21 n = 14 n = 10 n = 22

Not at all 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

A little bit 1 (3.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.6)

Somewhat 1 (3.1) 2 (9.5) 3
(21.4)

0 (0.0) 1 (4.6)

Quite a bit 12
(37.5)

9 (42.9) 5
(35.7)

6
(60.0)

1 (4.6)

Very much 18
(56.3)

10 (47.6) 6
(42.9)

4
(40.0)

19
(86.4)

Days for symptoms to start to improve after
phototoxic reaction

n = 31 n = 21 n = 14 n = 9 n = 18

Mean ± SD 2.5 ± 
1.6

2.1 ± 1.0 2.6 ± 
2.1

2.2 ± 
0.8

2.1 ± 
1.3
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Characteristic France

(n = 33)

Germany

(n = 21)

Italy

(n = 15)

Spain

(n = 
10)

UK

(n = 22)

Median (25–75 percentiles) 2 (2–3) 2 (1–3) 2 (1–3) 2 (2–
3)

2 (1–2)

Days for all symptoms to go away after
phototoxic reaction

n = 29 n = 21 n = 14 n = 9 n = 19

Mean ± SD 5.0 ± 
2.9

4.6 ± 1.8 5.1 ± 
2.7

5.8 ± 
3.4

4.9 ± 
2.0

Median (25–75 percentiles) 4 (3–6) 5 (4–5) 4.5 (3–
7)

5 (5–
6)

5 (4–6)

When asked about their last phototoxic reaction’s effect on their ability to do daily activities, 58%
indicated that it affected their ability “very much” (range = 40% Spain to 86% UK). After a phototoxic
reaction, it took, on average, 2.1 days for symptoms to improve in Germany and the UK, 2.2 days in Spain,
2.5 days in France, and 2.6 days in Italy. The average time it took for all symptoms to go away after a
phototoxic reaction ranged from 4.6 days (Germany) to 5.8 days (Spain) (UK = 4.9 days, France = 5.0
days, Italy = 5.1 days) (Table 3).

Sixty-one percent of the full sample reported at least “some difficulty” in doing chores such as yardwork,
gardening, or washing a car for at least 15 minutes when it is sunny outside (range: 52% for Germany − 
77% for the UK). In addition, 61% of the full sample reported at least “some difficulty” in going for a walk,
run, or bike ride for at least 15 minutes when it is sunny outside (range: 48% for Germany − 77% for the
UK). Further, 67% of the full sample reported at least “a little difficulty” being able to run errands and go
to stores for at least 15 minutes when it is sunny outside (range: 57% for Germany − 91% for the UK).

HRQoL, Physical, Emotional, and Psychological Well-Being
The mean T-score on the PROMIS Satisfaction with Social Roles and Activities Short Form − 8a for adults
was 45.4 ± 8.8 and 46.7 ± 8.1 for adolescents. More than half (58% of adults and 60% of adolescents)
scored more than three points worse than the general population. Within each country, the mean T-score
was lowest (worst) in the UK (42.0 ± 8.9) and highest (best) in France (48.2 ± 10.7); mean T-scores in
other countries were: 46.1 ± 6.6 (Germany), 43.9 ± 5.0 (Italy), and 45.0 ± 7.4 (Spain) (Fig. 1). In addition,
52%, 86%, 93%, 100%, and 86% in France, Germany, Italy, Spain, and the UK, respectively, scored lower
(i.e., worse) than the score for the general population, a 50, indicating that most participants had lower
satisfaction with social roles and activities than the general population.

The mean T-score on the PROMIS Social Isolation − 4a for adults was 55.3 ± 8.0 while for adolescents it
was 47.4 ± 7.5; 68% and 40% of adults and adolescents, respectively, scored higher than 50 (i.e., worse
than the general population). The mean T‑score was highest (indicating more isolation) in the UK (56.1 ± 
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8.8) and lowest (indicating less isolation) in Spain (53.3 ± 5.4). The proportion of respondents scoring
above 50 was 64% in France, 67% in Germany and Italy, 70% in Spain, and 82% in the UK. In all countries
except Spain (40%), the majority reported a T‑score of 53 or higher, ranging from 61% in France to 68% in
the UK.

Many adult participants reported experiencing negative emotions, including sadness/depression (66%),
anxiety (60%), frustration (86%), loneliness (74%), and isolation (84%). The prevalence of negative
emotions in individual countries varied. The percent reporting feeling depressed or sad ranged from 49%
(France) to 76% (Germany), anxiety ranged from 47% (Italy) to 68% (UK), isolation from 50% (Spain) to
93% (Italy), frustration from 68% (Germany) to 100% (UK), and loneliness from 60% (Spain) to 81%
(Germany) (Fig. 2).

For the KIDSCREEN-27, the mean T-score for the Psychological Well-Being scale was 50 ± 9.0 for
adolescents, while for the Peers and Social Support scale the mean T-score was 48.2 ± 14.4, meaning
that, on average, their social support was somewhat lower than the general population.

EPP Impact on Daily Activities and Work/School
Productivity
Forty-one percent of participants said having EPP impacted their ability to do the things they wanted to
do in the past 7 days at least “somewhat” (range: 20% for Italy to 58% for France).

At least 60% of participants were currently working for pay (range: 60% Spain to 85% Germany). On
average, participants missed less than 4 hours of work per month due to EPP (range: 0 for Spain to 4
hours for France). The impact of EPP on work productivity varied by country: 9% (the lowest) of those in
Italy said EPP impacted their work productivity at least “sometimes” compared to 42% in France (the
highest).

All 10 adolescents in the study were currently attending school. They missed an average of 3.9 ± 7.2
hours of school due to EPP in the past month (range = 0 to 21 hours). Two of 10 (20%) said that EPP
affected their productivity at school at least “somewhat,” while 5 of 10 (50%) said EPP affected
productivity at least “a little bit.”

Healthcare Resource Use
The total mean number of physician visits in the past 12 months was relatively similar for the UK (5.3 ± 
6.0), Germany (5.8 ± 3.9), and France (6.5 ± 7.1), but Italy reported a total of 12.1 ± 11.1 (range: 1 to 40)
visits and Spain reported 3.2 ± 1.3 visits (range 1 to 5). Very few ER visits or hospitalizations over the
previous 12 months were reported by European participants. One ER visit was reported in France, Spain,
Italy, and the UK, in three cases it was for pain from a full reaction (one of those also noted problems
with their gallbladder). A single hospitalization was reported in France (for liver problems), Spain (reason
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not given), and the UK (for pain from a full reaction). None of the participants in Germany reported an ER
visit or hospitalization.

The most common medications being used currently for treating, preventing, or managing EPP are
vitamin D (75%), non-steroidal anti-inflammatory drugs (11%), anti-depressants (adults only; 24%), beta
carotene (14%), iron (9%), and vitamin C (7%). Twenty-four percent are currently receiving Scenesse (all
adults), and 13% (11% of adults and 30% of adolescents) are receiving an investigational drug (of these,
77% [70% of adults and 100% of adolescents] are receiving dersimelagon). Use of Scenesse differs by
country: 0% of participants in either France or Spain are receiving it, while 14% of UK participants, 50% of
those in Italy, and 65% of those in Germany are receiving it (Supplemental Table 2). Four percent were
also using an opioid for pain relief (such as oxycodone, fentanyl, morphine, hydrocodone) associated
with EPP; all those using opioids are from either France or Germany.

Participants were asked what mode of administration they would prefer for a future EPP treatment; the
majority indicated that they would want to receive a pill (68%; range = 50% in Spain to 87% in Italy). When
asked why they prefer their selected mode of administration, the most common reason given was ease
of administration (48%), followed by convenience (33%).

Discussion
In this study of European individuals with EPP, prodromal symptoms were common after ≤ 30 minutes in
the sun, often resulting in skin sensitivity or pain and impacting the ability to perform daily activities.
When compared with a sample of 164 adults and 33 adolescents from North America (NA) who
completed the same questionnaire [23], several findings are notable. First, while European adult
participants reported prodromal symptom occurrence slightly less often than NA participants (76% vs
83%), European participants more often reported pain from phototoxic reactions after either indirect
(53% vs. 39%) or direct sunlight (69% vs. 64%). Additionally, a slightly higher percentage of European
participants reported that phototoxic reactions affect their ability to do daily activities compared with NA
participants (58% vs 53%). Fewer European individuals (8.9%) reported liver disease than their NA
counterparts (13.2%). However, among those with liver disease, the mean time since their liver disease
diagnosis was longer for Europeans (18.2 ± 17.3 years) than for those from NA (8.0 ± 8.3 years).

Results of the current study also demonstrate that EPP imposes a significantly negative burden on the
emotional and mental well-being of individuals: 58% of adult participants and 60% of adolescents scored
more than three points worse on the PROMIS Satisfaction with Social Roles and Activities than the
general population (i.e., < 47 points), indicating lower satisfaction with social roles and activities.
Additionally, feelings of sadness, anxiety, frustration, isolation, and loneliness were extremely common.
Although prior studies in EPP have noted impairments in HRQoL, they used generic dermatology-specific
measures such as the Dermatology Life Quality Index [14]. The current study used EPP-specific
measures and was able to highlight more specific aspects that are impacted.
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The impact of EPP on work varied by country. In Italy, 9% said EPP impacted their work productivity at
least “sometimes” compared to 42% in France. This is in line with European studies of the impact of
other dermatologic conditions, including atopic dermatitis [24], hidradenitis suppurativa [25], chronic
urticaria [26], and severe psoriasis [27].

Among the 10 adolescents in the study, 50% indicated at least a little impact on school productivity. In a
study of youth (aged 8–18) in the Netherlands and Belgium diagnosed with EPP, 47% reported that they
experienced some restrictions in school participation and scored worse on QoL measures of physical
and social functioning than matched controls (family, friends, or acquaintances of participant with EPP)
[12], reflecting similar impacts on those in school to the current study.

Strengths of this study include the use of a comprehensive questionnaire that included several existing
validated measures. Additionally, the study utilized a large sample size from five key European countries.
It should be noted that participants’ EPP diagnosis (and other clinical conditions) was via self-report;
while the individuals were recruited through patient advocacy groups in each country, diagnoses were
not independently confirmed by a physician. It is also possible that participants were more highly
motivated and engaged in the management and treatment of EPP than other individuals with EPP.
Finally, the study population was primarily of self-reported White European background.

Conclusions
Europeans with EPP frequently experience prodromal and phototoxic reactions that have a negative
impact on their well-being and ability to do daily activities. EPP also appears to negatively impact their
emotional functioning, and it contributed to work and school absenteeism. This highlights the need for
early diagnosis and effective treatments to reduce the significant burden imposed by EPP.
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Figures

Figure 1

Mean and standard deviation of PROMIS – Satisfaction with participation in social roles and activities,
by country
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Figure 2

Percent of participants experiencing negative emotions due to EPP, by country
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