
Academic Editor: Nuno Vale

Received: 24 June 2025

Revised: 7 August 2025

Accepted: 15 August 2025

Published: 23 August 2025

Citation: Wulf, H.C.; Christiansen,

A.L.; Heerfordt, I.M. Heavy Increase in

Erythrocyte Protoporphyrin IX During

Treatment with Teriflunomide in a

Patient with Erythropoietic

Protoporphyria: A Case Report. Int. J.

Transl. Med. 2025, 5, 41. https://

doi.org/10.3390/ijtm5030041

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Case Report

Heavy Increase in Erythrocyte Protoporphyrin IX During
Treatment with Teriflunomide in a Patient with Erythropoietic
Protoporphyria: A Case Report
Hans Christian Wulf 1,* , Anne L. Christiansen 2,3 and Ida M. Heerfordt 1,4

1 Department of Dermatology, Copenhagen University Hospital–Bispebjerg and Frederiksberg,
2400 Copenhagen, Denmark; ida.marie.heerfordt@regionh.dk

2 Department of Clinical Biochemistry, Odense University Hospital, 5000 Odense, Denmark;
anne.lindegaard@rsyd.dk

3 Department of Blood Test, Biochemistry and Immunology, University Hospital of Southern Denmark,
6200 Aabenraa, Denmark

4 Department of Clinical Pharmacology, Copenhagen University Hospital–Bispebjerg and Frederiksberg,
2400 Copenhagen, Denmark

* Correspondence: h.wulf@regionh.dk; Tel.: +45-30914591

Abstract

Background/Objectives: Patients with erythropoietic protoporphyria (EPP) have a de-
creased activity of the ferrochelatase enzyme which converts protoporphyrin IX (PpIX)
into heme, causing PpIX to accumulate in erythrocytes. The ensuing release of PpIX to the
skin when exposed to visible light causes a phototoxic reaction with severe pain, erythema,
and edema. Erythrocyte PpIX levels in adult EPP patients are rather stable and largely
unaffected by pharmaceutical treatments. It is important to be aware of drugs causing an
increase in PpIX as this may increase the risk of liver toxicity. Method: The patient had
blood samples taken regularly for analyses of PpIX, znPpIX, ALT, ALP, iron, leucocytes,
C-reactive protein, and hemoglobin before, during, and after treatment with teriflunomide.
Additionally, we tested if teriflunomide increased PpIX in vitro. Results: A female EPP
patient was treated for 7 years with teriflunomide for multiple sclerosis attacks. During
treatment, her natural PpIX level increased from about 30 µmol/L to about 200 µmol/L,
without significant simultaneous changes in hemoglobin, iron levels, alanine transaminase
(ALT), or alkaline phosphatase (ALP). The patient experienced no increase in photosensi-
tivity. In vitro addition of teriflunomide did not affect PpIX levels. Discussion: In patients
with lead intoxication, the release of PpIX from erythrocytes is very slow. The increase in
PpIX during treatment with teriflunomide compared to periods with no medication could
be caused by a similar slow PpIX release from the erythrocytes. This theory is supported
by the patient’s unchanged light sensitivity and stable levels of hemoglobin, iron, and
liver enzymes.
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1. Introduction
Erythropoietic protoporphyria (EPP) is a rare, inherited porphyria where protopor-

phyrin IX (PpIX) accumulates in erythrocytes due to decreased activity of ferrochelatase
(FECH) converting PpIX to heme. Exposure to visible light releases the accumulated PpIX
into the blood vessel endothelia and skin, triggering an acute phototoxic reaction with
severe pain, erythema, and edema [1]. PpIX levels usually increase from birth, through
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childhood and adolescence, and remain stable in adult EPP patients. Very rarely, EPP is
acquired, e.g., in myelodysplastic syndrome, with a moderate increase in PpIX levels. When
treated with azacitidine, PpIX levels decrease or may reach normal levels. In pregnant
women, PpIX levels fall significantly from early in the pregnancy, with a maximal decrease
in PpIX of 66% (median 53%), and with vastly improved phototolerance reported by the
patients. Inhibition of the first step in the porphyrin cascade may also lower PpIX. Inhibi-
tion of 5-aminolevulinic acid (5-ALA) synthase by Cimetidine may provide up to a 20%
decrease in PpIX levels [2], and the glycine transport inhibitor bitopertin may, in a similar
fashion, lower PpIX [3]. Patients treated with pharmacological drugs for diseases unrelated
to porphyria do not experience increased levels of PpIX, and only iron supplements are
known to increase PpIX levels in EPP patients by up to 40% [4]. Some patients with EPP
have abnormal liver functions [5]. Overall risk of liver failure for patients with EPP is about
4%, and long-term high levels of PpIX may increase this risk. PpIX is excreted by the liver
through the bile. A rapid decrease in PpIX from extracorporeal erythrocyte photodynamic
therapy produces elevated alanine aminotransferase (ALT) levels. Treatment of mice with
isoniazid causes accumulation of PpIX in the liver and downregulates FECH [6].

Our report presents a case of heavily increased PpIX levels in a patient with EPP
during her teriflunomide treatment for multiple sclerosis attacks.

2. Materials and Methods
2.1. Case Report

Our patient gave written consent to publish this case report. Due to her EPP, she had
routine blood samples taken regularly at our department laboratory, monitoring blood
values and liver enzymes before, during, and after the teriflunomide treatment period. No
experimental treatments were performed. Analyses were made of PpIX, zincPpIX, alanine
aminotransferase (ALT), alkaline phosphatase (ALP), iron, ferritin, leucocyte count, C-
reactive protein, and hemoglobin. Blood PpIX was measured by HPLC. As the erythrocyte
volume percentage was constant (36.4) during the whole examination period, erythrocyte
PpIX was obtainable.

2.2. Experimental Analysis

To examine if the PpIX blood sample analysis produced incorrect results due to teri-
flunomide treatment, we added incremental doses of teriflunomide to blood samples from
the patient prior to analysis. In vivo, teriflunomide is excreted in the gastrointestinal tract,
mainly through the bile, as an unchanged drug. To investigate the effect of teriflunomide
itself on PpIX in vitro, we made a basic solution of 10 mg teriflunomide in 1 mL dimethyl
sulfoxide. Four identical blood samples (4 mL) from our patient were prepared as follows:
one sample contained no teriflunomide solution; to the other 3 samples we, added 40 µL,
80 µL, and 160 µL of the basic solution, respectively (1–5 times the steady concentration
in vivo).

3. Results
3.1. Case Report

Our patient is a 57-year-old woman presenting stable PpIX levels (range: 25–30 µmol/L)
during the years 2006–2015. From 2015–2023, her PpIX levels increased to 73–201 µmol/L
while she was being treated with a daily dose of 14 mg teriflunomide for multiple scle-
rosis [7,8]. In January 2023, teriflunomide was substituted with rituximab, and within
3–4 months, the patient’s PpIX levels dropped to 28–42 µmol/L. Figure 1 shows the devel-
opment in PpIX from 2006–2025. The average level of ZincPpIX was 2.75 µmol/L during
treatment—29% higher than the post-treatment level of 2.13 µmol/L.
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Figure 1. The development in our EPP patient’s PpIX concentration from 2006–2025. The pink area
represents the teriflunomide treatment period.

3.2. Photosensitivity

The patient did not experience any severe increase in photosensitivity during her
teriflunomide treatment with heavily increased PpIX levels. She spent approximately
20 h outdoors per week during the whole period. The patient’s self-reported tolerance of
30 min of sun exposure before the onset of EPP-related symptoms did not change over the
years. The maximal pain score during the summer season was 7 both during and after
teriflunomide treatment (range: 0–10). She used sun protection and had a protection score of
7 during treatment and 8 the year after treatment (range: 0–18). The patient also completed
a Quality-of-Life questionnaire developed specifically for patients with EPP (EPPQoL),
with a score of 7 during treatment and 8 the year after treatment (range: 0–30) [2] (Suppl.).

3.3. Liver Function

No irregularities were found in the analyses of blood liver enzymes. The plasma ALT
was, on average, 30 U/L after treatment and 34 U/L during treatment. Plasma ALP was
64 IU/L after treatment and 59 IU/L during treatment. We found no indications of severe
liver damage during the high levels of PpIX.

3.4. Other Blood Analyses

Plasma iron level was 14 µmol/L after treatment and 16 µmol/L during treatment.
Plasma ferritin was 33 µg/L after treatment and 48 µg/L during treatment. The plasma
ferritin increase of 15 µg/L may have contributed to some increase in PpIX. During a study
of iron supplementation in patients with EPP, Heerfordt et al. saw an increase in PpIX from
58 µmol/L to 81 µmol/L, with a similar increase in ferritin levels [4]. Hemoglobin was
7.6 mmol/L after treatment and 7.3 mmol/L during treatment. The blood data suggest no
toxicity of the liver or bone marrow during treatment with teriflunomide.

3.5. Experimental Analysis

Adding teriflunomide to blood samples produced a fall in PpIX with increasing
volumes added (from 32.2 µmol/L to 28.0 µmol/L). By calculation, half of this small
decrease may be caused by the dilution of the blood samples. As no increase in PpIX was
observed in the in vitro test, the patient’s heavy increase in PpIX during treatment was not
caused by the laboratory’s blood analysis method but might be caused by metabolites.
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4. Discussion
With EPP patients, the clinician’s focus is on bringing PpIX to a lower level to manage

photosensitivity symptoms [2]; i.e., they are not usually looking for pharmaceutical causes
of increased PpIX. Teriflunomide is a pyrimidine synthesis inhibitor with anti-inflammatory
properties, and the effect on PpIX has not previously been examined and described. We
are not aware of any other pharmaceutical drugs causing a rise in PpIX levels. Increased
PpIX may be caused by affected bone marrow, liver toxicity causing decreased excretion, or
an affected PpIX blood analysis, and all possibilities were explored in this study. A slow
decrease in PpIX after the termination of teriflunomide would be in accordance with the
19 days half-life in vivo [7].

In healthy persons, the level of PpIX is <0.5 µmol/L, and in our EPP cohort, the
PpIX levels range from 4 to 250 µmol/L. Our female cohort has an average PpIX level of
38 µmol/L, and the male cohort has an average level of 56 µmol/L [2]. Untreated, our
patient’s PpIX levels are within the normal average range for female EPP patients, and her
highly elevated PpIX levels during treatment with teriflunomide were quite abnormal.

Figure 1 shows teriflunomide to be both a strong inducer of elevated PpIX levels and of
large fluctuations in PpIX levels, despite the patient declaring a stable daily teriflunomide
intake of 14 mg. We were unable to discover the cause of the elevated levels of PpIX. Iron
levels and hemoglobin were unaltered during and after treatment. Adding teriflunomide
to blood samples did not produce elevated PpIX levels either. Iron supplements may
cause increased PpIX levels in patients with EPP, and the patient’s plasma ferritin was
15 µg/L higher during treatment with teriflunomide. The increased ferritin level may have
increased the PpIX level by about 20 µmol/L, as calculated from data in Heerfordt et al. [4],
but offers only a small part of the explanation for the patient’s vastly elevated PpIX levels
during teriflunomide treatment.

The patient did not experience any increase in photosensitivity during treatment.
Being conscious of sun protection, she primarily went outdoors in the early mornings and
late in the day. The patient never travelled to sunny holiday destinations. Additionally, she
used self-tanning spray (dihydroxyacetone) as photoprotection. Both during teriflunomide
and after treatment, when her eryPpIX level had returned to 30 µmol/L, her EPPQoL was
stable, and the score was rather low [2].

It is possible that the effect of teriflunomide on PpIX is caused by increased 5-ALA
synthase activity or increased glycine involved in the primary step in the heme synthesis [9].
In this case, the PpIX would increase as EPP patients already have a low FECH activity with
diminished conversion of PpIX to heme. Further, teriflunomide may act as am inhibitor
of ferrochelatase activity. Just a small inhibition might have a pronounced effect on PpIX
levels as ferrochelatase levels are already only at 10–30% in patients with EPP compared to
healthy persons [1].

In patients with EPP, the release of PpIX from erythrocytes is relatively fast; in lead-
poisoned patients, it is slow [10]. As the patient did not experience an increase in pho-
tosensitivity, even with very high PpIX levels, and had no liver toxicity (which might be
expected due to high excretion of PpIX), it is likely that teriflunomide stabilizes PpIX to
remain inside the erythrocytes, preventing release to plasma and the skin, thereby avoiding
liver toxicity and increased photosensitivity.

5. Conclusions
Although we did not find any drug-related liver toxicity of teriflunomide in this

case report, the risk of increased PpIX levels and potential harmful effects on the liver
should be taken into consideration when administering systemic drugs to patients with
erythropoietic protoporphyria.
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