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Background
Porphyria is a group of rare diseases caused by the altered 
biosynthesis of heme. Defects in the ferrochelatase 
(FECH), delta-aminolevulinate synthase 2 (ALAS2) or 
caseinolytic mitochondrial matrix peptidase chaperone 
subunit (CLPX) genes are associated with erythropoi-
etic protoporphyria (EPP), a disease usually presenting 
in children, due to the accumulation of protoporphyrin-
IX (PPIX) in erythrocytes, skin and liver [1]. Liver dam-
age, which is the main risk in EPP, is rare in children, who 
usually complain only of symptoms related to sun expo-
sure (burning, itching, pain), that can have significant 
impact on patients’ health-related quality of life (QoL) 
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Abstract
Background  Erythropoietic protoporphyria is a rare disorder which represents an important health problem in 
children, causing painful photosensitivity. Little is known on the correlation between genetic profile and clinical 
manifestations. The standard of care for Erythropoietic protoporphyria is based on avoiding sun and using sun 
protections, but recent literature has suggested that cimetidine may have a role in improving sun sensitivity. Herein 
we report our case series describing the successful use of cimetidine and analyzing potential phenotype-genotype 
correlations.

Case presentation  This case series describes five patients presented to our Rheumatology Service complaining sun 
sensitivity. Blood exams and genetic analysis were consistent with the diagnosis of erythropoietic protoporphyria. 
Four of 5 patients received cimetidine in addition to standard therapies and the effect of treatment was evaluated by 
Erythropoietic Protoporphyria - Quality of Life questionnaire.

Conclusions  Erythropoietic protoporphyria usually manifests in early childhood after a short sun exposure. 
Skin manifestations are the main reason for investigations, although sometimes they can be more subtle, 
leading to a significant diagnostic delay. Skin diseases in children can have profound effects on their family and 
social relationships. A treatment with cimetidine appears to be an excellent therapeutic option in children with 
Erythropoietic protoporphyria.
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[2]. Treatment relies on the protection from sunlight and 
on the prevention of liver damage associated with proto-
porphyrin accumulation. We report a series of children 
cared for at the Rheumatology Service of IRCCS Burlo 
Garofolo Hospital in Trieste (Italy) describing clinical, 
biochemical, genetic features, and the effect of treat-
ment with cimetidine on Erythropoietic Protoporphyria 
- Quality of Life (EPP-QOL) questionnaire (total score 
ranging 0 to 36, higher scores indicating better quality of 
life – Fig. 1) [3].

Case presentation
Patient 1 is a 12-year-old girl with EPP diagnosed at 
the age of seven for a history of recurrent episodes of 
intense itching in the hands after sun exposure that did 

not improve after administration of antihistamines and 
associated with hyperemia and rarely edema of the dor-
sum of the hands and feet. On laboratory exams high 
erythrocyte protoporphyrins (14.55 µmol/L, normal 
value 4 µmol/L) and fecal protoporphyrins (217 nmol/g, 
normal < or = 151) were found. The diagnosis of EPP was 
confirmed by genetic analysis which found two heterozy-
gous mutations of the FECH gene (c.67 + 5G > A, c.315-
48T > C). The integration of carotenoids was suggested 
during the spring and summer period, and due to a tran-
sient increase in bile salts and a slight dilatation of the 
extrahepatic bile ducts, ursodeoxycholic acid was added 
to the therapy. However, liver magnetic resonance ruled 
out hepatic involvement of the disease. At the age of 
nine, the patient began a cyclic treatment with cimetidine 

Fig. 1  Erythropoietic Protoporphyria - Quality of Life (EPP-QOL) questionnaire. The questionnaire includes 12 items and 4 answer options. Depending on 
the answer there is a minimum (0) or maximum (3) score. The total score is between 0 and 36, higher scores indicating a better quality of life
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during the spring and summer period, with a good clini-
cal response on summer exposure tolerance.

Patient 2 is a 14-year-old girl with a ten-year history of 
photosensitivity, with a burning and tingling sensation 
on the skin within hours of exposure to sunlight. At the 
age of ten she developed a generalized erythematous and 
edematous skin reaction with petechiae on the backs of 
her hands and feet after a full day in the sun, unrespon-
sive to oral antihistamine. After that episode she was 
evaluated at the Rheumatology Service where EPP was 
confirmed by the presence of elevated red cell protopor-
phyrins (13.2 µmol/l) and a heterozygous mutation on 
the FECH gene (c.315-48T > C). Since diagnosis, she has 
started hepatoprotective treatment with ursodeoxycholic 
acid, in addition to carotenoid supplementation. In addi-
tion, a cyclic treatment with cimetidine during the spring 
and summer period was started with improvements in 
sunlight tolerance.

Patient 3 is a 15-year-old boy with a seven-year his-
tory of suddenly occurring severe itching and pain in 
the hands and feet after sunlight exposure and physical 
exercise, lasting up to 48–72 h. No associated skin swell-
ing, or redness were reported. At every episode, ceti-
rizine was administered, without any improvements. 
Curiously, these episodes did not occur every time the 
boy was exposed to the sunlight. Allergic reaction and 
Fabry disease were ruled out and symptoms had been 
framed as erythromelalgia. Then, he was evaluated at 
the Rheumatology Service where EPP was diagnosed 
on the basis of high erythrocyte protoporphyrins (5.8 
µmol/l) and two heterozygous variants of the FECH gene 
(c.757_761delAGAAG, c.315-48T > C). Then, hepatopro-
tective treatment with ursodeoxycholic acid was started, 
as well as carotenoids and vitamin D during the spring 
and summer period.

Patient 4 is 17 years old. When she was three, she 
started to present recurrent episodes of hyperemia, 
edema and itching on both hands and feet after sun expo-
sure. When she was eleven, she was evaluated for the 
first time at the Rheumatology Service. She presented 
hepatomegaly, elevated liver enzymes, and high level of 
protoporphyrins (erythrocyte 35.69 µmol/l, fecal 1867 

nmol/g). Genetic analysis confirmed the diagnosis of 
EPP, with two mutations on the FECH gene (c.400delA, 
c.315 − 48 T > C). At first, a treatment with ursodeoxycho-
lic acid, vitamin D and carotenoids was started. Nonethe-
less, she always presented the same symptoms after sun 
exposure. Then, when she was 16, she started a cyclic 
treatment with cimetidine during the spring and summer 
period, with a consistent improvement of symptoms.

Patient 5 is a 13-year-old boy with a nine-year his-
tory of burning and itching on hands and feet after sun 
exposure. When he was twelve, he was evaluated at the 
Rheumatology Service for the first time, where EPP was 
diagnosed after the finding of high erythrocyte proto-
porphyrin (5.5 µmol/l) and either two splicing mutations 
(c.599-3  C > T and c.498 + 1 G > T) or a third variation 
(c.315-48T > C) on the FECH gene. Then, oral supple-
mentation with carotenoids was suggested. When he was 
13, he started a treatment with cimetidine during the 
spring and summer period, with a consequent better tol-
erance for sun exposure.

All patients treated with cimetidine (20  mg/kg/day in 
two doses) reported an improved tolerance to sunlight 
after cimetidine, with increased hours spent in outdoor 
activities. The EPP-QOL questionnaire was administered 
before and after two months from the beginning of treat-
ment. Total scores of patients expressed as the percent-
age of the maximum (100%) quality are summarized in 
Table 1.

Discussion and conclusions
In Italy, the prevalence of EPP is estimated of 3.15 cases 
per million persons, with an incidence of 0.13 cases 
per million persons / year [1]. EPP is characterized by a 
wide heterogeneity in age of onset, symptoms severity, 
and duration, leading to a significant diagnostic delay 
[4]. Rarely, there may be a complete absence of visible 
skin lesions (patient 3 and 5). Although skin manifesta-
tions are the main reason for investigations, the most 
important complication in EPP is hepatic failure, due to 
the accumulation of protoporphyrin in the hepatobiliary 
structures. Approximately 1–5% of patients develop liver 
damage and require liver transplantation. However, this 
does not correct the underlying metabolic deficiency, and 
the transplanted liver is likely to have protoporphyrin 
damage [5]. In our cases, no patients developed consis-
tent liver involvement in pediatric age. The diagnosis is 
based on clinical symptoms and increased levels of cir-
culating protoporphyrin, while urinary porphyrins values ​​
are usually normal [6]. In our cases, all patients had nor-
mal values of urinary porphyrins with increased erythro-
cyte levels and two of them increased fecal ones (patient 
1 and 4). Genetic analysis is used to confirm the diagnosis 
of EPP. EPP can be caused by a compound heterozygous 
or homozygous mutation in FECH gene, but more often, 

Table 1  EPP QoL questionnaire scores after the beginning of 
cimetidine

score EPP QoL
Before 
cimetidine

After 
cimetidine

Patient 1 31% 69%
Patient 2 42% 89%
Patient 4 12% 78%
Patient 5 19% 80%
Total score of EPP QoL questionnaire is 36 (equal to 100%). Total scores of questionnaires 
completed before and after the beginning of cimetidine are expressed as percentage in 
relation to the total score
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it results from semi-dominant inheritance with com-
pound heterozygous of two mutations, one of which is 
clearly pathogenic and the other having a minor contrib-
ute on the phenotype [7]. The genetic analysis performed 
on our patients agrees with the literature, although in 
one case (patient 2) only one heterozygous variant in the 
FECH gene was identified (c.315-48T > C), but, the possi-
ble presence of other variants in intronic regions or in the 
promoter have been hypothesized and therefore further 
investigations may be necessary. From this small case 
series, a correlation between genotype and clinical mani-
festations cannot be assumed. Nonetheless, Balwani et al. 
described a significant correlation between erythrocyte 
protoporphyrin levels and earlier age at onset, decreased 
sun tolerance, and increased risk of liver dysfunction [8]. 
Analyzing the characteristics of our patients and previ-
ous study on this topic, a direct correlation between 
blood protoporphyrin values ​​and skin phenotype was 
seen, regardless of the underlying genetic defect and the 
inheritance pattern. Although, in the study by Minder et 
al., liver injury was described as strongly associated with 
null FECH mutations and in patients with autosomal 
recessive protoporphyria, recent studies have shown that 
mutations in the FECH gene alone do not explain the 
severe liver disease phenotype, since the same mutations 
are present in asymptomatic family members [9].

Skin diseases in children can have profound effects 
on their QOL, interfering with family and social rela-
tionships. Currently, EPP therapy is based on reduction 
of sun exposure and the use of high protection factor 
creams in the spring-summer months. To prevent hepa-
topathy, it could be useful to promote biliary secretion 
with ursodeoxycholic acid and to interrupt the entero-
hepatic circulation reducing the circulating levels of 

protoporphyrin with cholestyramine. Other treatments 
gave contradictory results, such as transfusion of eryth-
rocytes to suppress erythropoiesis and, hence, reduce the 
protoporphyrin level or plasmapheresis and extracorpo-
real albumin dialysis, for which there is a lack of studies 
documenting their efficacy.

Moreover, since protoporphyric hepatopathy may 
be triggered by another cause of liver disease, all of our 
patients were vaccinated against hepatitis A and B.

To improve sunlight tolerance, some treatment options 
are currently available, such as alfamelanotide and 
cimetidine. The safety and efficacy of alfamelanotide in 
children has not yet been established, while there are 
some published experiences on the use of cimetidine in 
children [10–12] (Table 2). Cimetidine inhibits ALAS, the 
first enzyme in the heme biosynthetic pathway, resulting 
in decreasing protoporphyrin levels. In our experience, 
four out of five patients underwent treatment with oral 
cimetidine, at a dose of 20 mg/kg/day divided in two daily 
administrations. Patient 3 did not start the treatment 
because he did not feel the need to increase sun expo-
sure. PPIX levels were measured in two patients receiving 
cimetidine after three months of treatment. Curiously, 
these levels did not change; therefore, cimetidine showed 
a cutaneous but not a biochemical effect. None of the 
patients reported adverse effects with regards to clinical 
safety. They reported an increase in skin color, although 
this is not due to the drug but to the increased of sun 
exposure. No patients complained of photosensitivity 
deterioration.

The EPP-QOL questionnaires showed that the use of 
cimetidine led to an improvement in their QoL. However, 
a limitation of this study was the lack of a defined method 
of measuring the sun exposure time, except for activities 

Table 2  summary of the different papers which report the use of cimetidine in EPP in pediatric population
Author, Year Daily dose/duration Side 

effects 
reported

Sun 
tolerance
during 
treatment

erythrocytes 
PpIX level

No patient/age How was evaluated the 
photosensitivity

Heerfordt10, 
2022

1200 mg/4 months None increased 41% decrease 
after 2 months
19% decrease 
after 4 months

1/ N.A. questionnaire about
(i) overall effect on photosensitivity
(ii) time spent outside
(iii) time to first photosensitivity 
symptoms
(iiii)edema
(iiiii) protective clothing

Kiberd,11 
2018

30 mg/kg / Not available None Increased N.A. 1/ 4-year-old Subjective increased tolerance

Tu, 12

2016
30–40 mg/kg/ > 2 years None Increased Data available 

for one patient 
in which 37% 
decrease 
after 1 year of 
treatment

3/ median age 
9-year-old

Objective: improvement of actinic 
photodamage of the skin
Subjective:
- increased of number of hours of 
outdoor activities
- Reduced the use of analgesic drugs

N.A. not available
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of known duration (e.g., football matches or home-school 
path).

In conclusion, although its rarity, EPP should be 
excluded in all photosensitive children, especially when 
discomfort is disproportionate to the extent of the cuta-
neous lesions. Based on the literature and our clinical 
experience, a treatment with cimetidine is effective and 
safe in improving tolerance to sun exposure.
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EPP-QOL	� Erythropoietic Protoporphyria-Quality of Life

Acknowledgements
The authors are grateful to the patients for their participation in this study.

Authors’ contributions
CT and FB wrote the first draft of this article. SM collected laboratory 
information. GMS collected genetic information. DZ prepared the galenic 
formulation of the drug. SP, EDM, AT and IB reviewed the article before 
submission. All authors read and approved the last version of the manuscript.

Funding
This work was supported by the Ministry of Health, Rome - Italy, in 
collaboration with the Institute for Maternal and Child Health IRCCS Burlo 
Garofolo, Trieste - Italy.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval
The questionnaire and methodology for this study were in accordance with 
the ethical standards of the institutional and/or national research committee 
and with the 1964 Helsinki Declaration. The study was approved by the 
Internal Review Board of the IRCCS Burlo Garofolo of Trieste with the grant ID 
RC 23/22.

Consent to participate
Informed consent was obtained from all individual participants included in 
the study.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and accompanying images.

Competing Interests
the authors declare they have no conflict of interest.

Received: 18 July 2023 / Accepted: 3 October 2023

References
1.	 Ventura P, Brancaleoni V, Di Pierro E, Graziadei G, Macrì A, Carmine Guida 

C, Nicolli A, Rossi MT, Granata F, Fiorentino V, et al. Clinical and molecular 
epidemiology of erythropoietic protoporphyria in Italy. Eur J Dermatol. 
2020;30(5):532–40. https://doi.org/10.1684/ejd.2020.3880.

2.	 Holme SA, Anstey AV, Finlay AY, Elder GH, Badminton MN. Erythropoietic pro-
toporphyria in the U.K.: clinical features and effect on quality of life. Br J Der-
matol. 2006;155(3):574–81. https://doi.org/10.1111/j.1365-2133.2006.07472.x. 
PMID: 16911284.

3.	 Langendonk JG, Balwani M, Anderson KE, Bonkovsky HL, Anstey AV, Bissell 
DM, Bloomer J, Edwards C, Neumann NJ, Parker C, et al. Afamelanotide for 
Erythropoietic Protoporphyria. N Engl J Med. 2015;373(1):48–59.

4.	 Pastore LM, Sun CW, Hsu S. Erythropoietic Protoporphyria: you may not have 
seen it, but it may have seen you. Cureus. 2022;14(3):e23253. https://doi.
org/10.7759/cureus.23253.

5.	 Anstey AV, Hift RJ. Liver disease in erythropoietic protoporphyria: insights 
and implications for management. Gut. 2007;56(7):1009–18. https://doi.
org/10.1136/gut.2006.097576. Epub 2007 Mar 14. PMID: 17360790; PMCID: 
PMC1994365.

6.	 Murphy GM. Diagnosis and management of the erythropoietic porphyr-
ias. Dermatol Ther. 2003;16(1):57–64. https://doi.org/10.1046/j.1529-
8019.2003.01609.x. PMID: 12919128.

7.	 Gouya L, Puy H, Robreau AM, Bourgeois M, Lamoril J, Da Silva V, Grandchamp 
B, Deybach JC. The penetrance of dominant erythropoietic protoporphyria 
is modulated by expression of wildtype FECH. Nat Genet. 2002;30(1):27–8. 
https://doi.org/10.1038/ng809. Epub 2001 Dec 20. PMID: 11753383.

8.	 Balwani M, Naik H, Anderson KE, Bissell DM, Bloomer J, Bonkovsky HL, Phillips 
JD, Overbey JR, Wang B, Singal AK, et al. Clinical, biochemical, and genetic 
characterization of north american patients with Erythropoietic Protopor-
phyria and X-linked Protoporphyria. JAMA Dermatol. 2017;153(8):789–96.

9.	 Minder EI, Gouya L, Schneider-Yin X, Deybach JC. A genotype-phenotype 
correlation between null-allele mutations in the ferrochelatase gene and liver 
complication in patients with erythropoietic protoporphyria. Cell Mol Biol 
(Noisy-le-grand). 2002;48(1):91–6. PMID: 11929053.

10.	 Heerfordt IM, Lerche CM, Wulf HC. Cimetidine for erythropoietic proto-
porphyria. Photodiagnosis Photodyn Ther. 2022;38:102793. https://doi.
org/10.1016/j.pdpdt.2022.102793. Epub 2022 Mar 2. PMID: 35245673.

11.	 Kiberd J, Finlayson L. Delayed photosensitivity in a child with erythropoietic 
protoporphyria: a case report. SAGE Open Medical Case Reports. 2018;6. 
https://doi.org/10.1177/2050313X18772125.

12.	 Tu JH, Sheu SL, Teng JM. Novel treatment using cimetidine for Erythropoietic 
Protoporphyria in Children. JAMA Dermatol. 2016;152(11):1258–61. https://
doi.org/10.1001/jamadermatol.2016.2303. PMID: 27410690.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1684/ejd.2020.3880
https://doi.org/10.1111/j.1365-2133.2006.07472.x
https://doi.org/10.7759/cureus.23253
https://doi.org/10.7759/cureus.23253
https://doi.org/10.1136/gut.2006.097576
https://doi.org/10.1136/gut.2006.097576
https://doi.org/10.1046/j.1529-8019.2003.01609.x
https://doi.org/10.1046/j.1529-8019.2003.01609.x
https://doi.org/10.1038/ng809
https://doi.org/10.1016/j.pdpdt.2022.102793
https://doi.org/10.1016/j.pdpdt.2022.102793
https://doi.org/10.1177/2050313X18772125
https://doi.org/10.1001/jamadermatol.2016.2303
https://doi.org/10.1001/jamadermatol.2016.2303

	﻿Erythropoietic protoporphyria: case reports for clinical and therapeutic hints
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusions
	﻿References


