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IRONING OUT THE WRINKLES: MANAGING IRON OVERLOAD IN DIFFERENT CLINICAL SCENARIOS

Porphyria cutanea tarda: a unique
iron-related disorder
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The porphyrias are a group of disorders of heme biosynthesis, each characterized by an enzymatic defect in the heme
biosynthetic pathway. Porphyria cutanea tarda (PCT) arises due to the inhibition of uroporphyrinogen decarboxylase
(UROD) in the presence of hepatic iron and oxidative stress. Most patients with PCT have evidence of siderosis on liver
biopsy, and the disease resolves with iron depletion. PCT manifests as skin fragility, blistering cutaneous lesions on
sun-exposed areas, dark urine, and elevated plasma and urine porphyrins. Factors contributing to the development of
PCT include alcohol use, hepatitis C virus infection, human immunodeficiency virus, estrogen use, UROD pathogenic var-
iants, and hereditary hemochromatosis. Treatment includes therapeutic phlebotomy to decrease total body iron levels
and low-dose hydroxychloroquine, which reduces hepatic porphyrin content. The following review explores the biology
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of PCT, the critical role of iron in disease pathogenesis, and our approach to the management of these patients.

LEARNING OBJECTIVES

« Understand that PCT arises from decreased UROD activity in the liver

« Recognize the central role of iron in PCT pathogenesis

« |dentify effective treatments for PCT, including phlebotomy and hydroxychloroquine

CLINICAL CASE

A 39-year-old woman with a history of anxiety and asthma
presented with fluid-filled blisters over the dorsal surfaces
of her hands and arms, and dark urine. Her medications
included a combined estrogen-progestin oral contracep-
tive pill and an albuterol inhaler. Skin biopsy was consistent
with a subepidermal blister, papillary dermal festooning,
and periodic acid-Schiff positivity within blood vessel
walls. Urine and plasma porphyrins were elevated, with
a predominance of uroporphyrin and heptacarboxyl por-
phyrin (urine uroporphyrin, 3959 nmol/L [normal <30] and
plasma uroporphyrin, 2.0 ug/dL [normal <1.0 ug/dL]), and
urine porphobilinogen was within normal limits. The serum
ferritin level was 420 ug/L (normal <200), and molecular
studies revealed homozygous C282Y pathogenic variants
of the HFE gene but no UROD pathogenic variant.

Introduction
The porphyrias are a group of disorders of heme biosynthe-
sis, each specific to a particular defect in the heme biosyn-
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thetic pathway (Figure 1). Porphyria may be categorized
clinically as acute hepatic, blistering cutaneous, or nonblis-
tering cutaneous depending on clinical features. They are
also classified as erythropoietic or hepatic based on the
site of initial accumulation of intermediates of the heme bio-
synthetic pathway. Porphyria cutanea tarda (PCT) occurs
due to inhibition of the fifth enzyme of heme biosynthesis,
uroporphyrinogen decarboxylase (UROD). PCT has been
estimated to affect 5 to 10 persons per 100 000, usually
in mid- or later life.! Manifestations of PCT include blister-
ing of sun-exposed skin and liver disease due to the accu-
mulation of porphyrins. Contributing environmental factors
include alcohol use and hepatitis C virus (HCV) infection.?
PCT usually occurs in the absence of a UROD pathogenic
variant, and a heterozygous UROD pathogenic variant
alone is not sufficient to cause the disease. Therefore, PCT
is considered to be primarily an acquired porphyria, with
well-established susceptibility factors associated with dis-
ease pathogenesis.

PCT can be classified based on the presence or
absence of UROD pathogenic variants and family history.
Most cases (~80%) are sporadic (type 1), with no UROD
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Figure 1. The heme biosynthetic pathway. Heme biosynthesis
occurs via 8 enzymatic steps. The decreased activity of UROD,
the fifth step in the pathway, leads to porphyria cutanea tarda.
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pathogenic variants. A heterozygous UROD pathogenic variant
is found in familial (type 2), which is an autosomal dominant
condition with low penetrance, such that there is usually no
family history of PCT. Rarely, cases occur in more than 1 family
member in the absence of a UROD pathogenic variant, which
is termed type 3 PCT. HFE mutations or shared environmental
factors may be present in such families.? In all types of PCT, por-
phyrin accumulation and clinical symptoms of PCT do not occur
unless UROD enzymatic activity falls below approximately 20%
in the liver. Therefore, even patients with heterozygous UROD
pathogenic variant must have additional susceptibility factors
to develop and manifest PCT.>S Hepatoerythropoietic por-
phyria (HEP) is an ultrarare form of porphyria caused by homo-
zygous pathogenic UROD variants that usually presents in early
childhood with blistering skin lesions, anemia, and hepato-
splenomegaly and resembles congenital erythropoietic por-

phyria.¢ Mild cases of HEP may resemble PCT but are readily
differentiated by marked elevation in erythrocyte zinc proto-
porphyrin. Pseudoporphyria is a dermatologic condition with
blistering skin lesions identical to those observed in PCT, but
without alterations in heme biosynthesis or evidence of por-
phyrin accumulation.

Pathophysiology

PCT results from the inhibition of hepatic UROD, a cytoplasmic
housekeeping enzyme that converts uroporphyrinogen to copro-
porphyrinogen. This enzyme is encoded by the UROD gene,
located on chromosome 1 with 10 exons spanning over 3kb.”®
UROD carries out a complex reaction, sequentially decarboxyl-
ating the 4 acetyl groups of uroporphyrinogen (an octacarboxyl
porphyrin) to hepta-, hexa-, penta-, and finally coproporphy-
rinogen (a tetracarboxyl porphyrin; Figure 2).3% Both uropor-
phyrinogen | and Il isomers are decarboxylated by UROD, but
uroporphyrinogen Il is preferred because coproporphyrinogen
oxidase is specific for coproporphyrinogen I, and the lll isomers
are intermediates in heme synthesis.”™

The hepatic UROD protein level remains at its genetically
determined level in all types of PCT, but hepatic enzyme activ-
ity is reduced to less than about 20% of normal, suggesting the
presence of an enzyme inhibitor. Phillips and colleagues iden-
tified this inhibitor as a uroporphomethene, probably derived
from the partial oxidization of uroporphyrinogen.? At least in
murine models, cytochrome P450 enzyme activity is involved
in the generation of this inhibitor. Uroporphomethene differs
from uroporphyrinogen by a single oxidized bridge carbon, and
although it is able to bind strongly to the active site of UROD, it
is unable to serve as a substrate.” That being said, other groups
have questioned whether uroporphomethene is in fact a true
inhibitor of UROD based on its fragmentation pattern on mass
spectrometry.”

When hepatic UROD activity is reduced to less than 20% of
normal activity, uroporphyrinogen and the porphyrinogens that
are intermediates in its 4-step decarboxylation accumulate in the
liver and are auto-oxidized to their corresponding porphyrins.*
After considerable accumulation in the liver, these porphyrins
appear in plasma and bile and are excreted in the urine and stool.
These porphyrins are activated by light exposure (especially at
wavelengths near 400nm) and generate reactive oxygen species
that damage sun-exposed skin." Further, in UROD-deficient mice,
the upregulation of d-aminolevulinic acid synthase 1 (ALAS-1) by
drugs that induce hepatic P450 enzymes and the supplementa-
tion of d-aminolevulinic acid (ALA) in the drinking water have been
shown to induce a PCT phenotype.®

Laboratory diagnosis

PCT is diagnosed biochemically by high levels of porphyrins in
the plasma and urine, with a predominance of uroporphyrinogen
and hepta- and hexa- and pentacarboxyl porphyrins. This pat-
tern of porphyrin elevation is characteristic but not completely
specific since uroporphyrin elevation occurs in other porphyrias,
and a PCT-like pattern occurs in some patients with variegate
porphyria (VP).* Therefore, analysis of porphyrins in the eryth-
rocytes and feces should be considered. Urine measurements
using random urine samples with normalization to creatinine is
recommended. Urine porphobilinogen is normal in PCT, and ALA
is normal or only mildly increased.’ Plasma fluorescence scan-
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Figure 2. Inhibition of UROD by uroporphomethene leads to the accumulation of porphyrins and manifestations of disease in PCT.
Under normal conditions, UROD converts uroporphyrinogen to coproporphyrinogen by a series of 4 sequential decarboxylations. In
the presence of iron and free radicals, uroporphyrinogen is partially oxidized, leading to the formation of a uroporphomethene in-
hibitor of UROD. Decarboxylated uroporphyrinogen intermediates subsequently accumulate and auto-oxidize to their corresponding
porphyrins, predominantly uroporphyrins. Photosensitive porphyrins accumulate in the plasma and are responsible for the cutaneous
manifestations of PCT. Fe, iron; PCT, porphyria cutanea tarda; UROD, uroporphyrinogen decarboxylase; ROS, reactive oxygen species.
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ning is useful for rapid differentiation of VP, which has a diagnos-
tic peak at approximately 626 nm. Fecal total porphyrins may be
normal or elevated in PCT, and an elevation of fecal isocopropor-
phyrins is specific for UROD inhibition.""”

Liver biopsy is seldom indicated in patients with PCT but if
done before treatment reveals marked elevations in porphyrin
concentrations with red fluorescence when the fresh speci-
men is illuminated with a Wood's lamp. The pattern of elevation
of individual porphyrins is the same as in plasma and urine.
Reduced erythrocyte UROD activity suggests familial (type 2)
PCT, but genetic testing to identify a familial UROD pathogenic
variant is preferred.”® More extended genetic testing may help
exclude other cutaneous porphyrias (eg, VP, hereditary copro-
porphyria, and congenital erythropoietic porphyria) and rare
cases of dual porphyria.”” Erythrocyte porphyrins are normal or
mildly elevated in PCT but markedly elevated in HEP and con-
genital erythropoietic porphyria.® Skin biopsy should reveal
subepidermal blisters with papillary dermal festooning and hya-
linized blood vessels, often with periodic acid-Schiff positivity.
These findings may differentiate other blistering skin diseases
but not other blistering cutaneous porphyrias.

Iron and PCT

The association between iron and PCT is well established. Sid-
erosis is detected in up to 90% of patients who undergo liver
biopsy, and a reduction in total body iron content by therapeu-
tic phlebotomies leads to disease remission.??° Pathogenic vari-
ants in the HFE gene found in hereditary hemochromatosis are
more common than expected in PCT, even in the absence of
marked iron overload.” For instance, in 1 study of 108 patients
with PCT, 19% were homozygous for the HFE C282Y pathogenic
variant.? Other HFE genotypes are reported to occur at higher
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frequencies in patients with PCT as compared with controls,
including compound heterozygous C282Y/Hé3D.

The pathogenesis of PCT is thought to involve iron-generated
free oxygen radicals that oxidize uroporphyrinogen, leading to
the formation of a uroporphomethene inhibitor of UROD.®?? The
generation of uroporphomethene is dependent on the amount of
iron in the liver in murine models, and in mice with heterozygous
UROD knockout, iron overload is sufficient to cause a PCT phe-
notype.”® However, in the absence of a UROD pathogenic variant
and other susceptibility factors for PCT, patients with a homozy-
gous HFE genotype or other conditions that increase total body
iron stores (eg, B-thalassemia major) do not develop PCT.? The
cytochrome P450 1A2 has been implicated in PCT pathogene-
sis in a murine model of PCT?4; however, which CYPs might be
involved in human PCT has not been conclusively established.
Although ALA loading combined with iron enhanced the reduc-
tion of UROD activity in mice, factors that induce hepatic ALAS1
are seldom implicated in human PCT.®

Hepcidin, a peptide hormone produced by the liver that
serves as a master regulator of iron homeostasis, is thought to
be involved in PCT pathogenesis.?* Hepcidin causes degradation
of the iron export transporter ferroportin in gut enterocytes and
macrophages, and low levels of hepcidin result in increased iron
absorption in the gut and increased iron export out of cells such
as macrophages and hepatocytes. In various conditions associ-
ated with PCT, such as chronic HCV and alcohol use,*% hepci-
din levels are low compared with controls. However, patients
with end-stage kidney disease (ESKD) have high levels of hepci-
din and are also at risk of developing PCT.?2¢ Ajioka et al found
that hepatic expression of HAMP, the gene that encodes hepci-
din, is significantly reduced in patients with PCT without ESKD
and that hepcidin would also be expected to be reduced.?



However, in a different study of 30 patients with PCT, serum hep-
cidin levels were unexpectedly higher than in patients with HCV
or healthy volunteers and correlated with inflammatory markers
such as ferritin and interleukin 6. The authors hypothesize that
the regulation of hepcidin levels in PCT is complex and multifac-
torial, depending on factors such as baseline hepatic iron stores,
inflammation, and oxidative stress.?

Clinical features and susceptibility factors

PCT is characterized by skin fragility and blistering on sun-
exposed areas, most commonly the dorsal surfaces of the hands,
as well as dark urine and hypertrichosis (Figure 3). Patients
may report “skin tearing" with only minor trauma, hyper- and
hypopigmented scars, scarring alopecia, skin crusting, and milia
(raised hardened keratin-filled cysts).>° These lesions are chronic,
and patients may not associate them with sun exposure.

PCT is often the result of multiple environmental and inher-
ited factors: UROD pathogenic variants reduce baseline levels of
this enzyme, and other factors influence iron and oxidative stress
in hepatocytes. The most common environmental or acquired
factors are alcohol use, HCV, estrogen use, human immunode-
ficiency virus (HIV), and smoking. Inherited factors may include
UROD and HFE pathogenic variants. In fact, at least 3 of these
factors can be identified in most patients with PCT, and risk fac-
tor modification can ameliorate and prevent disease recurrence.”

Alcohol consumption decreases hepcidin expression and
thereby increases iron absorption, which is mostly carried out

Figure 3. Scarring and blistering lesions on sun-exposed skin in
a patient with porphyria cutanea tarda.

by duodenal enterocytes.*? In hepatocytes, alcohol and iron are
believed to act synergistically to generate free radicals, which
contribute to the formation of the uroporphomethene that inhib-
its hepatic UROD, as well as cause cellular damage.3?2% Although
up to 80% of patients with PCT report heavy alcohol consump-
tion,® only a small minority of patients who report excess alco-
hol use develop PCT. There is also a strong association between
PCT and chronic HCV infection. This viral infection can lead to
a reduction in hepcidin levels and generate hepatocyte oxida-
tive damage.* The successful antiviral treatment of HCV can lead
to PCT remission,* and the availability of effective treatments
for HCV is likely to decrease the incidence of PCT in the future.
Exogenous estrogen was initially identified as a risk factor for
PCTin men treated for prostate cancer,* and oral estrogen use is
common in women who develop PCT. The mechanism of action
of estrogens may involve redox cycling and CYPs but has not
been fully elucidated.¥” Smoking may act by means of CYP1A2
induction. How HIV infection may contribute to the develop-
ment of PCT is unknown %%

PCT is a known complication of ESKD,*® possibly due to iron
overload resulting from a number of factors such as erythropoie-
tin deficiency and the administration of exogenous iron. Plasma
levels of porphyrins may be higher than in PCT patients with nor-
mal kidney function, and porphyrins are difficult to remove via
dialysis.”*? As described below, PCT can be challenging to treat
in patients with ESKD.

Treatment

Patients with PCT should be counseled about the modification
of risk factors such as alcohol use and smoking, and alternatives
to oral estrogens should be considered. It is now established
that patients with chronic HCV should receive an effective
combination of antiviral agents without additional treatment
for PCT unless HCV eradication is not achieved, or the patient
has marked iron overload.* HIV treatment should be optimized
before considering treatment of PCT. In other patients, the mod-
ification of susceptibility factors is usually inadequate, and addi-
tional treatment may be required (see below). Patients should
avoid direct sunlight until porphyrin levels are lowered, and pro-
tective gloves and clothing are advised. Topical steroid creams
may be useful for reducing the pain and inflammation of bullous
lesions but may predispose the skin to infection and cause skin
thinning. We ensure that all patients with PCT are fully assessed
for evidence of chronic liver disease and are vaccinated against
hepatitis A and B. Patients with PCT are at increased risk for liver
cancer and may benefit from surveillance, especially if they have
advanced fibrosis or cirrhosis.

Therapeutic phlebotomy is a highly effective first-line treat-
ment for PCT and is believed to interrupt the iron-dependent
generation of the uroporphomethene inhibitor in hepatocytes.*?
Patients typically undergo venesection to remove approxima-
tely 450 mL of blood every 2 weeks, and this interval is gener-
ally adequate to generate replacement erythrocytes and avoid
anemia. The treatment target is a ferritin level of approxima-
tely 20 ng/mL, but if patients become symptomatic from iron
deficiency, a treatment goal closer to about 50 ng/mL may be
acceptable. Phlebotomies are stopped when the target fer-
ritin level is achieved (typically after 6-8 sessions), even if skin
lesions are still present and porphyrin levels have not entirely
normalized, as further iron depletion is not beneficial and causes
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anemia. Porphyrin levels will continue to decrease and skin fra-
gility and blisters will continue to improve over several months.
The recurrence rate after treatment for PCT is not known, but
most patients do not relapse and do not require continued
treatment, possibly related to the removal of modifiable sus-
ceptibility factors. Many more phlebotomies are required in
the minority of patients with marked iron overload from heredi-
tary hemochromatosis, and these patients need long-term fol-
low-up. Therapeutic phlebotomy is generally well tolerated but
may cause transient lightheadedness and low blood pressure,
and it is costly, time-intensive, and may not be accessible for all
patients.** The diagnosis of PCT must be definitively established
before treatment, as repeated phlebotomy is not effective for
other types of blistering porphyrias or dermatoses.

Low-dose hydroxychloroquine (100 mg orally twice weekly)
is an alternative option for patients with PCT who do not have

access to or cannot tolerate therapeutic phlebotomy, and who
do not have marked iron overload.*® Chloroquine can be used as
well, but hydroxychloroquine is preferred because of its superior
safety profile. These 4-aminoquinolines are taken up in hepato-
cyte lysosomes, which then release large amounts of accumu-
lated porphyrins.* Transient hepatocellular damage ensues but
is mild with low-dose hydroxychloroquine, though liver injury
can be severe if standard antimalarial or antirheumatic doses are
given.” Treatment is stopped after porphyrin levels have normal-
ized. Compliance with hydroxychloroquine is better compared
to repeated phlebotomy, and remission is achieved as rapidly.*®
Ophthalmologic clearance is recommended before treatment,
although the risk of retinal damage is considered minimal with
this low-dose regimen with a duration of less than 1 year. There is
some evidence that the PCT relapse rate may be higher with this
treatment than with phlebotomy, but detailed studies are lacking.

Clinical Features, Diagnosis, and Management of
Porphyria Cutanea Tarda

Clinical Features

Blistering fluid-filled lesions on sun-exposed skin, milia
Skin fragility
Hypertrichosis
Dark urine

Figure 4. Our approach to the diagnosis and management of PCT. HAV, hepatitis A virus; HBV, hepatitis B virus; PBG, porphobilinogen

Laboratory Diagnosis

Elevated porphyrins in the plasma and urine
(predominantly uroporphyrin and heptacarboxyl porphyrin)

Normal or minimally elevated urine PBG and ALA

Evaluate for:

Iron Viral infection Other risk factors
® [ron stores e HCV * Alcohol use
(Iron, TIBC, ferritin) e HIV e Tobacco
® Pathogenic variants in * Estrogen
iron regulatory genes * ESKD
(eg, C282Y and H63D) * UROD pathogenic
) variants
Management
Mitigate Therapeutic phlebotomy: 450 cc whole blood
risk factors removed ~2 weeks targeting ferritin 20 ng/mL
3 and/or
sun pretection Hydroxychloroquine 100 mg twice per week
Vaccinate against and/or

HAV and HBV Iron chelation
Follow-up
Evaluation for cirrhosis and Iron studies, plasma and urine
hepatocellular carcinoma if indicated porphyrins every 6-12 months

deaminase; TIBC, total iron-binding capacity. Professional illustration by Patrick Lane, SCEYEnce Studios.
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Therapeutic phlebotomy may be challenging in patients
with PCT and ESKD who are anemic at baseline. Limited expe-
rience suggests that low-dose hydroxychloroquine is not effec-
tive because porphyrins that are mobilized from the liver are
poorly dialyzed and may be insufficiently eliminated in patients
who do not make urine. However, judicious therapeutic phle-
botomy can be supported by the administration of recombi-
nant human erythropoietin, and full remission of PCT can be
achieved in these patients if the serum ferritin level is sufficiently
lowered.“® Another treatment option includes iron chelation,
although chelators can be costly and difficult to tolerate.*” Our
general approach to the diagnosis and management of PCT can
be found in Figure 4.

Conclusion

PCT is a hepatic porphyria that arises due to the acquired inhi-
bition of hepatic UROD. Susceptibility to developing the disease
is increased by a combination of environmental and genetic risk
factors that differ among patients. Iron is central to the patho-
physiology of PCT, leading to the formation of a UROD inhibitor,
present in the liver, that prevents the decarboxylation of uropor-
phyrinogen to coproporphyrinogen during heme biosynthesis. A
reduction in hepatic iron stores via therapeutic phlebotomy is an
effective and well-tolerated therapy in the majority of patients.

CLINICAL CASE (continued)

In the above case vignette, the patient stopped her com-
bined oral contraceptive pill and opted for a copper intrauter-
ine device, which allowed for regular menstrual periods. She
began phlebotomy with 450 mL of whole blood removed every
2 weeks, and her ferritin level dropped to 50 ug/dL within 8
sessions. Her skin symptoms resolved after 3 months, and her
porphyrin levels normalized within 8 months.
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