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

Porphyria cutanea tarda: a unique  
iron-related dis or der
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The por phyr ias are a group of dis or ders of heme bio syn the sis, each char ac ter ized by an enzy matic defect in the heme 
biosynthetic pathway. Porphyria cutanea tarda (PCT) arises due to the inhi bi tion of uroporphyrinogen decarboxylase 
(UROD) in the pres ence of hepatic iron and oxi da tive stress. Most patients with PCT have evi dence of siderosis on liver 
biopsy, and the dis ease resolves with iron deple tion. PCT man i fests as skin fra gil ity, blis ter ing cuta ne ous lesions on 
sun-exposed areas, dark urine, and ele vated plasma and urine por phy rins. Factors con trib ut ing to the devel op ment of 
PCT include alco hol use, hep a ti tis C virus infec tion, human immunodeficiency virus, estro gen use, UROD path o genic var-
i ants, and hered i tary hemo chro ma to sis. Treatment includes ther a peu tic phle bot omy to decrease total body iron lev els 
and low-dose hydroxychloroquine, which reduces hepatic por phy rin con tent. The fol low ing review explores the biol ogy 
of PCT, the crit i cal role of iron in dis ease path o gen e sis, and our approach to the man age ment of these patients.

LEARNING OBJECTIVES
 • Understand that PCT arises from decreased UROD activ ity in the liver
 • Recognize the cen tral role of iron in PCT path o gen e sis
 • Identify effec tive treat ments for PCT, includ ing phle bot omy and hydroxychloroquine

CLINICAL CASE
A 39-year-old woman with a his tory of anx i ety and asthma 
presented with fluid-filled blis ters over the dor sal sur faces 
of her hands and arms, and dark urine. Her med i ca tions 
included a com bined estro gen-pro ges tin oral con tra cep-
tive pill and an albuterol inhaler. Skin biopsy was con sis tent 
with a sub epi der mal blis ter, pap il lary der mal festooning, 
and peri odic acid-Schiff pos i tiv ity within blood ves sel 
walls. Urine and plasma por phy rins were ele vated, with 
a pre dom i nance of uroporphyrin and heptacarboxyl por-
phy rin (urine uroporphyrin, 3959  nmol/L [nor mal <30] and 
plasma uroporphyrin, 2.0 µg/dL [nor mal <1.0  µg/dL]), and 
urine porphobilinogen was within nor mal lim its. The serum 
fer ri tin level was 420 µg/L (nor mal <200), and molec u lar 
stud ies revealed homo zy gous 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-

thetic pathway (Figure 1). Porphyria may be cat e go rized 
clin i cally as acute hepatic, blis ter ing cuta ne ous, or nonblis-
tering cuta ne ous depending on clin i cal fea tures. They are 
also clas si fied as eryth ro poi etic or hepatic based on the 
site of ini tial accu mu la tion of inter me di ates of the heme bio-
syn thetic path way. Porphyria cutanea tarda (PCT) occurs 
due to inhi bi tion of the fifth enzyme of heme bio syn the sis, 
uroporphyrinogen decarboxylase (UROD). PCT has been 
esti mated to affect 5 to 10 per sons per 100 000, usu ally 
in mid- or later life.1 Manifestations of PCT include blis ter-
ing of sun-exposed skin and liver dis ease due to the accu-
mu la tion of por phy rins. Contributing environmental factors 
include alcohol use and hepatitis C virus (HCV) infection.2 
PCT usu ally occurs in the absence of a UROD pathogenic 
variant, and a het ero zy gous UROD pathogenic variant 
alone is not suf fi cient to cause the dis ease. Therefore, PCT 
is con sid ered to be pri mar ily an acquired por phyria, with 
well-established sus cep ti bil ity fac tors associated with dis-
ease path o gen e sis.

PCT can be clas si fied based on the pres ence or 
absence of UROD pathogenic variants and fam ily his tory. 
Most cases (~80%) are spo radic (type 1), with no UROD 
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pathogenic variants. A  het ero zy gous UROD pathogenic variant 
is found in famil ial (type 2), which is an auto so mal dom i nant 
con di tion with low pen e trance, such that there is usu ally no 
fam ily his tory of PCT. Rarely, cases occur in more than 1 fam ily 
mem ber in the absence of a UROD pathogenic variant, which 
is termed type 3 PCT. HFE muta tions or shared envi ron men tal 
fac tors may be pres ent in such fam i lies.3 In all  types of PCT, por-
phy rin accu mu la tion and clin i cal symp toms of PCT do not occur 
unless UROD enzy matic activ ity falls below approx i ma tely 20% 
in the liver. Therefore, even patients with het ero zy gous UROD 
pathogenic variant must have addi tional sus cep ti bil ity fac tors 
to develop and man i fest PCT.3-5 Hepatoerythropoietic por-
phyria (HEP) is an ultra rare form of por phyria caused by homo-
zy gous path o genic UROD var i ants that usu ally pres ents in early 
child hood with blis ter ing skin lesions, ane mia, and hepato-
splenomegaly and resem bles con gen i tal eryth ro poi etic por-

phyria.6 Mild cases of HEP may resem ble PCT but are read ily 
dif fer en ti ated by marked ele va tion in eryth ro cyte zinc pro to-
por phy rin. Pseudoporphyria is a der ma to logic con di tion with 
blis ter ing skin lesions iden ti cal to those observed in PCT, but 
with out alter ations in heme bio syn the sis or evi dence of por-
phy rin accu mu la tion.

Pathophysiology
PCT results from the inhi bi tion of hepatic UROD, a cyto plas mic 
house keep ing enzyme that con verts uroporphyrinogen to copro-
porphyrinogen. This enzyme is encoded by the UROD gene, 
located on chro mo some 1 with 10 exons span ning over 3  kb.7,8 
UROD car ries out a com plex reac tion, sequen tially decarboxyl-
ating the 4 ace tyl groups of uroporphyrinogen (an octacarboxyl 
por phy rin) to hepta-, hexa-, penta-, and finally coproporphy-
rinogen (a tetracarboxyl por phy rin; Figure 2).3,4 Both uropor-
phyrinogen I and III iso mers are decarboxylated by UROD, but 
uroporphyrinogen III is pre ferred because coproporphyrinogen 
oxi dase is spe cific for coproporphyrinogen III, and the III iso mers 
are inter me di ates in heme syn the sis.9-11

The hepatic UROD pro tein level remains at its genet i cally 
deter mined level in all  types of PCT, but hepatic enzyme activ-
ity is reduced to less than about 20% of nor mal, suggesting the 
pres ence of an enzyme inhib i tor. Phil lips and col leagues iden-
ti fied this inhib i tor as a uroporphomethene, prob a bly derived 
from the par tial oxidization of uroporphyrinogen.12 At least in 
murine mod els, cyto chrome P450 enzyme activ ity is involved 
in the gen er a tion of this inhib i tor. Uroporphomethene dif fers 
from uroporphyrinogen by a sin gle oxi dized bridge car bon, and 
although it is  able to bind strongly to the active site of UROD, it 
is unable to serve as a sub strate.12 That being said, other groups 
have questioned whether uroporphomethene is in fact a true 
inhib i tor of UROD based on its frag men ta tion pat tern on mass 
spec trom e try.13

When hepatic UROD activ ity is reduced to less than 20% of 
nor mal activ ity, uroporphyrinogen and the porphyrinogens that 
are inter me di ates in its 4-step decar box yl ation accu mu late in the 
liver and are auto-oxi dized to their cor re spond ing por phy rins.14 
After con sid er able accu mu la tion in the liver, these por phy rins 
appear in plasma and bile and are excreted in the urine and stool.10 
These por phy rins are acti vated by light expo sure (espe cially at 
wave lengths near 400 nm) and gen er ate reac tive oxy gen spe cies 
that dam age sun-exposed skin.14 Further, in UROD-defi cient mice, 
the upregulation of δ-aminolevulinic acid synthase 1 (ALAS-1) by 
drugs that induce hepatic P450 enzymes and the sup ple men ta-
tion of δ-aminolevulinic acid (ALA) in the drink ing water have been 
shown to induce a PCT phe no type.15

Laboratory diag no sis
PCT is diag nosed biochemically by high lev els of por phy rins in 
the plasma and urine, with a pre dom i nance of uroporphyrinogen 
and hepta- and hexa- and pentacarboxyl por phy rins. This pat-
tern of por phy rin ele va tion is char ac ter is tic but not com pletely 
spe cific since uroporphyrin ele va tion occurs in other por phyr ias, 
and a PCT-like pat tern occurs in some patients with var ie gate 
por phyria (VP).16 Therefore, anal y sis of por phy rins in the eryth-
ro cytes and feces should be con sid ered. Urine mea sure ments 
using ran dom urine sam ples with nor mal i za tion to cre at i nine is 
recommended. Urine porphobilinogen is nor mal in PCT, and ALA 
is nor mal or only mildly increased.3 Plasma fluo res cence scan-

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. 
Professional illustration by Patrick Lane, ScEYEnce Studios.
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ning is use ful for rapid dif fer en ti a tion of VP, which has a diag nos-
tic peak at approx i ma tely 626  nm. Fecal total por phy rins may be 
nor mal or ele vated in PCT, and an ele va tion of fecal isocopropor-
phyrins is spe cific for UROD inhi bi tion.16,17

Liver biopsy is sel dom indi cated in patients with PCT but if 
done before treat ment reveals marked ele va tions in por phy rin 
con cen tra tions with red fluo res cence when the fresh spec i-
men is illu mi nated with a Wood’s lamp. The pat tern of ele va tion 
of indi vid ual por phy rins is the same as in plasma and urine. 
Reduced eryth ro cyte UROD activ ity sug gests famil ial (type 2) 
PCT, but genetic test ing to iden tify a famil ial UROD pathogenic 
variant is pre ferred.18 More extended genetic test ing may help 
exclude other cuta ne ous por phyr ias (eg, VP, hered i tary copro-
porphyria, and con gen i tal eryth ro poi etic por phyria) and rare 
cases of dual por phyria.19 Erythrocyte por phy rins are nor mal or 
mildly ele vated in PCT but mark edly ele vated in HEP and con-
gen i tal eryth ro poi etic por phyria.10 Skin biopsy should reveal 
sub epi der mal blis ters with pap il lary der mal festooning and hya-
linized blood ves sels, often with peri odic acid-Schiff pos i tiv ity. 
These find ings may dif fer en ti ate other blis ter ing skin dis eases 
but not other blis ter ing cuta ne ous por phyr ias.

Iron and PCT
The asso ci a tion between iron and PCT is well established. Sid-
erosis is detected in up to 90% of patients who undergo liver 
biopsy, and a reduc tion in total body iron con tent by ther a peu-
tic phle bot o mies leads to dis ease remis sion.2,20 Pathogenic vari-
ants in the HFE gene found in hered i tary hemo chro ma to sis are 
more com mon than expected in PCT, even in the absence of 
marked iron over load.21 For instance, in 1 study of 108 patients 
with PCT, 19% were homo zy gous for the HFE C282Y pathogenic 
variant.2 Other HFE geno types are reported to occur at higher 

fre quen cies in patients with PCT as com pared with con trols, 
includ ing com pound het ero zy gous C282Y/H63D.

The path o gen e sis of PCT is thought to involve iron-gen er ated 
free oxy gen rad i cals that oxi dize uroporphyrinogen, lead ing to 
the for ma tion of a uroporphomethene inhib i tor of UROD.10,22 The 
gen er a tion of uroporphomethene is depen dent on the amount of 
iron in the liver in murine mod els, and in mice with het ero zy gous 
UROD knock out, iron over load is suf fi cient to cause a PCT phe-
no type.15 However, in the absence of a UROD pathogenic variant 
and other sus cep ti bil ity fac tors for PCT, patients with a homo zy-
gous HFE geno type or other con di tions that increase total body 
iron stores (eg, β-thal as se mia major) do not develop PCT.23 The 
cyto chrome P450 1A2 has been impli cated in PCT path o gen e-
sis in a murine model of PCT24; how ever, which CYPs might be 
involved in human PCT has not been con clu sively established. 
Although ALA load ing com bined with iron enhanced the reduc-
tion of UROD activ ity in mice, fac tors that induce hepatic ALAS1 
are sel dom impli cated in human PCT.15

Hepcidin, a pep tide hor mone pro duced by the liver that 
serves as a mas ter reg u la tor of iron homeo sta sis, is thought to 
be involved in PCT path o gen e sis.23 Hepcidin causes deg ra da tion 
of the iron export trans porter ferroportin in gut enterocytes and 
mac ro phages, and low lev els of hepcidin result in increased iron 
absorp tion in the gut and increased iron export out of cells such 
as macrophages and hepatocytes. In var i ous con di tions asso ci-
ated with PCT, such as chronic HCV and alco hol use,25,26 hepci-
din lev els are low com pared with con trols. However, patients 
with end-stage kid ney dis ease (ESKD) have high lev els of hepci-
din and are also at risk of devel op ing PCT.27,28 Ajioka et al found 
that hepatic expres sion of HAMP, the gene that encodes hepci-
din, is sig nifi  cantly reduced in patients with PCT with out ESKD 
and that hepcidin would also be expected to be reduced.23  

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. 
Professional illustration by Patrick Lane, ScEYEnce Studios.
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However, in a dif fer ent study of 30 patients with PCT, serum hep-
cidin lev els were unex pect edly higher than in patients with HCV 
or healthy vol un teers and cor re lated with inflam ma tory mark ers 
such as fer ri tin and inter leu kin 6.29 The authors hypoth e size that 
the reg u la tion of hepcidin lev els in PCT is com plex and mul ti fac-
to rial, depending on fac tors such as base line hepatic iron stores, 
inflam ma tion, and oxi da tive stress.29

Clinical fea tures and sus cep ti bil ity fac tors
PCT is char ac ter ized by skin fra gil ity and blis ter ing on sun- 
exposed areas, most com monly the dor sal sur faces of the hands, 
as well as dark urine and hypertrichosis (Figure 3). Patients 
may report “skin tear ing” with only minor trauma, hyper- and 
hypopigmented scars, scar ring alo pe cia, skin crusting, and milia 
(raised hard ened ker a tin-filled cysts).30 These lesions are chronic, 
and patients may not asso ci ate them with sun expo sure.

PCT is often the result of mul ti ple envi ron men tal and inher-
ited fac tors: UROD path o genic var i ants reduce base line lev els of 
this enzyme, and other fac tors influ ence iron and oxi da tive stress 
in hepa to cytes. The most com mon envi ron men tal or acquired 
fac tors are alco hol use, HCV, estro gen use, human immunode-
ficiency virus (HIV), and smok ing. Inherited fac tors may include 
UROD and HFE path o genic var i ants. In fact, at least 3 of these 
fac tors can be iden ti fied in most patients with PCT, and risk fac-
tor mod i fi ca tion can ame lio rate and pre vent dis ease recur rence.31

Alcohol con sump tion decreases hepcidin expres sion and 
thereby increases iron absorp tion, which is mostly car ried out 

by duo de nal enterocytes.32 In hepa to cytes, alco hol and iron are 
believed to act syn er gis ti cally to gen er ate free rad i cals, which 
con trib ute to the for ma tion of the uroporphomethene that inhib-
its hepatic UROD, as well as cause cel lu lar dam age.3,22,33 Although 
up to 80% of patients with PCT report heavy alco hol con sump-
tion,31 only a small minor ity of patients who report excess alco-
hol use develop PCT. There is also a strong asso ci a tion between 
PCT and chronic HCV infec tion. This viral infec tion can lead to 
a reduc tion in hepcidin lev els and gen er ate hepa to cyte oxi da-
tive dam age.34 The suc cess ful anti vi ral treat ment of HCV can lead 
to PCT remis sion,35 and the avail abil ity of effec tive treat ments 
for HCV is likely to decrease the inci dence of PCT in the future. 
Exogenous estro gen was ini tially iden ti fied as a risk fac tor for 
PCT in men treated for pros tate can cer,36 and oral estro gen use is 
com mon in women who develop PCT. The mech a nism of action 
of estro gens may involve redox cycling and CYPs but has not 
been fully elu ci dated.37 Smoking may act by means of CYP1A2 
induc tion. How HIV infec tion may con trib ute to the devel op-
ment of PCT is unknown.38,39

PCT is a known com pli ca tion of ESKD,40 pos si bly due to iron 
over load resulting from a num ber of fac tors such as eryth ro poi e-
tin defi ciency and the admin is tra tion of exog e nous iron. Plasma 
lev els of por phy rins may be higher than in PCT patients with nor-
mal kid ney func tion, and por phy rins are dif fi cult to remove via 
dial y sis.41,42 As described below, PCT can be challenging to treat 
in patients with ESKD.

Treatment
Patients with PCT should be coun seled about the mod i fi ca tion 
of risk fac tors such as alco hol use and smok ing, and alter na tives 
to oral estro gens should be con sid ered. It is now established 
that patients with chronic HCV should receive an effec tive 
com bi na tion of anti vi ral agents with out addi tional treat ment 
for PCT unless HCV erad i ca tion is not achieved, or the patient 
has marked iron over load.35 HIV treat ment should be opti mized 
before con sid er ing treat ment of PCT. In other patients, the mod-
i fi ca tion of sus cep ti bil ity fac tors is usu ally inad e quate, and addi-
tional treat ment may be required (see below). Patients should 
avoid direct sun light until por phy rin lev els are lowered, and pro-
tec tive gloves and cloth ing are advised. Topical ste roid creams 
may be use ful for reduc ing the pain and inflam ma tion of bul lous 
lesions but may pre dis pose the skin to infec tion and cause skin 
thin ning. We ensure that all  patients with PCT are fully assessed 
for evidence of chronic liver disease and are vaccinated against 
hep a ti tis A and B. Patients with PCT are at increased risk for liver 
can cer and may ben e fit from sur veil lance, espe cially if they have 
advanced fibro sis or cir rho sis.

Therapeutic phle bot omy is a highly effective first-line treat-
ment for PCT and is believed to inter rupt the iron-depen dent 
gen er a tion of the uroporphomethene inhib i tor in hepa to cytes.43 
Patients typ i cally undergo vene sec tion to remove approx i ma-
tely 450  mL of blood every 2 weeks, and this inter val is gen er-
ally ade quate to gen er ate replace ment eryth ro cytes and avoid 
ane mia. The treat ment tar get is a fer ri tin level of approx i ma-
tely 20  ng/mL, but if patients become symp tom atic from iron 
defi ciency, a treat ment goal closer to about 50  ng/mL may be 
accept able.  Phlebotomies are stopped when the tar get fer-
ri tin level is achieved (typ i cally after 6-8 ses sions), even if skin 
lesions are still pres ent and por phy rin lev els have not entirely 
nor mal ized, as fur ther iron deple tion is not ben e fi cial and causes 

Figure 3. Scarring and blistering lesions on sun-exposed skin in 
a patient with porphyria cutanea tarda.
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ane mia. Porphyrin lev els will con tinue to decrease and skin fra-
gil ity and blis ters will continue to improve over sev eral months. 
The recurrence rate after treat ment for PCT is not known, but 
most patients do not relapse and do not require con tin ued 
treat ment, pos si bly related to the removal of mod i fi able sus-
cep ti bil ity fac tors. Many more phle bot o mies are required in 
the minor ity of patients with marked iron over load from heredi-
tary hemo chro ma to sis, and these patients need long-term fol-
low-up. Therapeutic phle bot omy is gen er ally well tol er ated but 
may cause tran sient lightheadedness and low blood pres sure, 
and it is costly, time-inten sive, and may not be acces si ble for all  
patients.44 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.45 Chloroquine can be used as 
well, but hydroxychloroquine is pre ferred because of its supe rior 
safety pro file. These 4-aminoquinolines are taken up in hepa to-
cyte lyso somes, which then release large amounts of accu mu-
lated por phy rins.46 Transient hepa to cel lu lar dam age ensues but 
is mild with low-dose hydroxychloroquine, though liver injury 
can be severe if stan dard anti ma lar ial or anti rheu matic doses are 
given.47 Treatment is stopped after por phy rin lev els have nor mal-
ized. Compliance with hydroxychloroquine is bet ter com pared 
to repeated phle bot omy, and remis sion is achieved as rap idly.45 
Ophthalmologic clear ance is recommended before treat ment, 
although the risk of ret i nal dam age is con sid ered min i mal with 
this low-dose reg i men with a dura tion of less than 1 year. There is 
some evi dence that the PCT relapse rate may be higher with this 
treat ment than with phle bot omy, but detailed stud ies are lacking.

Figure 4. Our approach to the diagnosis and management of PCT. HAV, hepatitis A virus; HBV, hepatitis B virus; PBG, porphobilinogen 
deaminase; TIBC, total iron-binding capacity. Professional illustration by Patrick Lane, ScEYEnce Studios.
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Therapeutic phle bot omy may be chal leng ing in patients 
with PCT and ESKD who are ane mic at base line. Limited expe-
ri ence sug gests that low-dose hydroxychloroquine is not effec-
tive because por phy rins that are mobi lized from the liver are 
poorly dia lyzed and may be insuf fi ciently elim i nated in patients 
who do not make urine. However, judi cious ther a peu tic phle-
bot omy can be supported by the admin is tra tion of recom bi-
nant human eryth ro poi e tin, and full remis sion of PCT can be 
achieved in these patients if the serum fer ri tin level is suf fi ciently 
lowered.48 Another treatment option includes iron chelation, 
although chelators can be costly and difficult to tolerate.49 Our 
gen eral approach to the diag no sis and man age ment of PCT can 
be found in Figure 4.

Conclusion
PCT is a hepatic por phyria that arises due to the acquired inhi-
bi tion of hepatic UROD. Susceptibility to devel op ing the dis ease 
is increased by a com bi na tion of envi ron men tal and genetic risk 
fac tors that dif fer among patients. Iron is cen tral to the path o-
phys i  ol ogy of PCT, lead ing to the for ma tion of a UROD inhib i tor, 
pres ent in the liver, that pre vents the decar box yl ation of uropor-
phyrinogen to coproporphyrinogen dur ing heme bio syn the sis. A 
reduc tion in hepatic iron stores via ther a peu tic phle bot omy is an 
effec tive and well-tol er ated ther apy in the major ity of patients.

CLINICAL CASE (con tin ued)

In the above case vignette, the patient stopped her com-
bined oral con tra cep tive pill and opted for a cop per intra uter-
ine device, which allowed for reg u lar men strual peri ods. She 
began phle bot omy with 450  mL of whole blood removed every 
2 weeks, and her fer ri tin level dropped to 50 µg/dL within 8 
ses sions. Her skin symp toms resolved after 3 months, and her 
por phy rin lev els nor mal ized within 8 months.
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