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Abstract
Background & Aims—Porphyria cutanea tarda (PCT) is the most common of the human
porphyrias and results from an acquired deficiency of hepatic uroporphyrinogen decarboxylase
(UROD). Some susceptibility factors have been identified; we examined associations among multiple
factors in a large cohort of patients.

Methods—Multiple known or suspected susceptibility factors and demographic and clinical
features of 143 patients (mean age 52 years, 66% male, 88% Caucasian) with documented PCT (mean
onset at 41±8.8 yrs) were tabulated; associations were examined by contingency tables, classification
and regression tree (CART) analysis and logistic regression.

Results—The most common susceptibility factors for PCT were ethanol use (87%), smoking
(81%), chronic hepatitis C virus (HCV) infection (69%), and HFE mutations (53%; 6% C282Y/
C282Y and 8% C282Y/H63D). Of those who underwent hepatic biopsy or ultrasound, 56% had
evidence of hepatic steatosis. Of those with PCT, 66% of females took estrogen, 8% were diabetic,
13% had human immunodeficiency virus (HIV) infection, and 17% had inherited uroporphyrinogen
decarboxylase (UROD) deficiency (determined by low erythrocyte UROD activity). HCV infection
in patients with PCT was significantly associated with other behavior-related factors such as ethanol
use (odds ratio [OR] 6.3) and smoking (OR 11.9).

Conclusions—Susceptibility factors for PCT were similar to previous studies; most patients had
3 or more. Associations between PCT and HCV, ethanol or smoking could be accounted for by a
history of multiple substance abuse; other factors are distributed more randomly amongpatients.
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INTRODUCTION
Porphyria cutanea tarda (PCT) is an iron-related disorder that results from decreased activity
of hepatic uroporphyrinogen decarboxylase (UROD), the fifth enzyme of the heme synthetic
pathway. This condition develops when hepatic UROD activity becomes less than ~20% of
normal, porphyrins accumulate in the liver and are then transported to the skin where they are
photoactivated by long-wave ultraviolet light, forming activated oxygen species that cause
characteristic skin fragility and blistering. Cutaneous lesions are found on sun exposed areas
such as the dorsa of the hands, forearms, face, neck and feet1. Massive accumulation of
porphyrins in the liver also is associated with low-grade hepatocellular damage. Certain
susceptibility factors themselves cause liver damage, and risks of progressive liver disease,
cirrhosis and hepatocellular carcinoma are increased 2, 3.

A number of genetic and environmental susceptibility factors are known or strongly suspected
to be important in PCT, and causative mechanisms have been proposed for most 1. For example,
HFE mutations, as found in hemochromatosis, and alcohol can increase hepatic iron. Alcohol,
hepatitis C and estrogens may increase oxidative stress and the production of reactive oxygen
species in hepatocytes. Smoking and ethanol also induce cytochrome P450 enzymes, including
CYP1A2, which is essential for causing uroporphyria in rodent models 4, 5 and may contribute
to production of a recently characterized UROD inhibitor 1, 6. Susceptibility factors have been
described individually in most case series, and associations among them have been given little
attention.

We hypothesized that some of the multiple susceptibility factors in PCT might be interrelated
and therefore not randomly distributed among patients with this condition in this geographic
area. Information on 143 patients with well documented PCT was compiled, including 39
patients reported previously by Egger et al 7, which was a sufficiently large number to
investigate associations among susceptibility factors.

METHODS
Medical records and reports from the Porphyria Laboratory were available from 143 patients
with well documented PCT seen at the University of Texas Medical Branch (UTMB) during
the past 20 years. All patients presented initially with typical blistering lesions on sun exposed
skin, most commonly on the dorsa of the hands, forearms and face. PCT was documented by
substantial increases in urinary or plasma uroporphyrin (octacarboxyl porphyrin) and
heptacarboxyl porphyrin. When measured, increases in plasma total porphyrins (with a
characteristic fluorescence emission spectrum at neutral pH) and fecal isocoproporphyrins
were noted. Recurrences were documented by reappearance of skin lesions and elevations in
urine or plasma porphyrins. The study was approved by the UTMB Institutional Review Board.

Current and past use of alcohol, estrogen and smoking was recorded as positive or negative;
details regarding quantities and duration were often not described in the medical records.
Treatment, usually by phlebotomy, recurrences and concurrent medical diagnoses were
recorded. Information was recorded on data collection forms and entered into a database for
analysis. Because hepatic steatosis has been suggested to increase susceptibility for PCT 8,
liver biopsy and hepatic ultrasound results were examined, when available. Routine laboratory
testing was performed by the UTMB Hospital clinical laboratories. Anti-HCV (EIA, Abbott
Laboratories, Chicago, IL) was detected by a second-generation enzyme-linked
immunoabsorbent assay and HCV infection was confirmed in 51% of cases by HCV RNA as
detected by polymerase chain reaction (PCR). No patient found to have HCV antibody was
negative for HCV RNA. HIV infection was detected by finding antibody to HIV and confirmed
by demonstrating circulating HIV RNA. Erythrocyte UROD activity was measured using
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whole blood lysates and values less than 33 nmol/ml erythrocytes/hr were considered to
indicate an inherited partial deficiency of UROD 7.

Data were summarized as means and standard deviations. Means of continuous data were
compared using student’s two-group t-test and categorical data using χ2. Statistical associations
among these factors and demographic characteristics were analyzed by contingency tables,
classification and regression tree (CART) analysis and multiple logistic regression.

RESULTS
The majority of the patients were Caucasian (88%), with African Americans and Hispanics
accounting for only 4% and 6% respectively. Males comprised 66% of all patients, and
predominated in all racial and ethnic categories. Mean onset of symptoms was in the fourth
decade of life in both men and women (mean 41 years; range 18–72). The mean age at the time
of initial visit to this medical center was 52.2 years (range 33–86). Body mass index (BMI)
assessed in 89 patients was 25.3 ± 3.9 (mean ± SD, range 17–36.7) and was not significantly
different in males (25.1 ± 3.5, 17–35.3) and females (25.8 ± 5, 18–36). A family history of
PCT was reported in 9.8% (including 3 siblings in the same family), blistering skin lesions in
9.6%, iron overload in 8.3% and liver disease in 19% of the 143 patients.

Susceptibility factors were considerably more prevalent in this group of 143 patients than in
the general population, as shown in Table 1. These included several related to health behaviors
and life style (ethanol use and smoking, and HCV and HIV infections, which were usually
associated with a history of intravenous drug use), a class of prescription medication (estrogens)
and genetic or metabolic traits (HFE mutations, inherited deficiency of UROD as measured in
erythrocytes, hepatic steatosis and diabetes mellitus). HCV genotype was assessed in 40
patients; 31 were genotype 1, 6 genotype 2, 2 genotype 3 and 1 genotype 4, which is similar
to the distribution of genotypes in HCV-infected patients without PCT seen at UTMB.

The prevalence of diabetes mellitus was 7.2% in this series, which is not very different from
the prevalence of diabetes mellitus in the US population (Table 1) and less than the 17%
recently reported in PCT patients in Sweden 8. We examined evidence for steatosis, which may
be associated with diabetes mellitus, in the 63 patients in this series who underwent liver biopsy,
hepatic ultrasound or both. Such evidence was found by one or both methods in 35 (56%). Of
the 60 patients who underwent ultrasound, 32 (54%) had increased echogenicity, suggesting
steatosis. Of the 28 patients who underwent biopsy, 7 had histological evidence of mild
steatosis (affecting 5–15% of hepatocytes), 2 had moderate macrovesicular steatosis (affecting
16–30% of hepatocytes, and none had severe steatosis. Steatosis observed by biopsy often
correlated with increased echogenicity by ultrasound in the 19 patients who underwent both
procedures, but given the small numbers the agreement was only slight (κ = 0.38). Steatosis
by ultrasound was significantly associated with alcohol intake in the 57 patients with known
alcohol status who underwent ultrasound (p<0.0003), but there was no such association in the
28 who underwent liver biopsy.

Scoring of multiple susceptibility factors
A simple scoring method was used to illustrate the multiplicity of factors usually found in
individual patients. Each coexisting susceptibility factor, including heterozygosity for an HFE
mutation, was scored as one; homozygous (C282Y/C282Y or H63D/H63D) or compound
heterozygous (C282Y/H63D) genotypes were scored as two, as in the previous study of Egger
et al 7, since these are more likely to be associated with iron overload and have been more
strongly associated with PCT 9, 10. Iron status before treatment could often not be assessed
because treatment had already been started in many patients before full evaluation for
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susceptibility factors. Whether this or another system of scoring can predict initial occurrence
or recurrences of PCT has not been studied.

Multiple susceptibility factors were indeed found in the great majority of patients. As shown
in Figure 1, 75% of patients had 3 or more of these susceptibility factors with a maximum of
7 factors found in 1 patient. As expected in a retrospective study of patients seen over many
years, information was incomplete for some patients, and those with fewer identified
susceptibility factors were more likely to have missing information due to incomplete
assessment (Figure 1).

Analyses of associations
Contingency tables were prepared to look for evidence for associations among known or
suspected susceptibility factors and clinical characteristics. As shown in Table 2, HCV
infection chosen as the target variable was positively associated with alcohol use, smoking,
and male gender, and negatively with HIV infection. There was no significant association of
HCV infection with diabetes mellitus (Table 2). Age of onset of symptoms was 40.6 ± 7.5 vs.
42.5 ± 10.8 years, and age when first seen 51.2 ± 6.7 vs. 52.4 ± 11.8 years in those with and
without HCV infection, respectively, which were not significant differences. With other factors
as target variables, estrogen use was associated with Caucasian race (OR 6.4) and absence of
HCV infection (OR 4.2), and diabetes with inherited UROD deficiency (OR 8.9, all p<0.001).

The summary detail of the CART analysis, with HCV infection as the target variable and other
susceptibility factors as predictors (Figure 2), revealed associations of HCV infection with
smoking, alcohol use, and absence of HIV infection.

In the logistic regression analysis of binary variables, HCV infection (present vs absent) was
statistically significantly associated with the explanatory variables of alcohol use (OR, 6.3; P
= .02), smoking (OR, 11.9; P = .007), HIV infection (OR, 4.9; P = .02), and Caucasian race
(OR, 16.8; 95% confidence interval, 6.8 – 41.4; P = .0001). No other significant associations
among susceptibility factors were found.

The 3 susceptibility factors that were clustered in this patient population by these analyses,
namely alcohol use, smoking and hepatitis C infection, as well as HIV infection, commonly
reflect high risk behavior. HIV infection was more prevalent in patients with hepatitis C than
in the general population, but was even more prevalent in those without hepatitis C (Table 2),
which suggests these are separate susceptibility factors. As shown in Figure 3, these behavior-
related factors (one or more) were combined with one or more others (estrogen use, inherited
UROD deficiency, or HFE mutations) in 70 patients, were present without other factors in 63
patients, and were absent in only 6 patients.

Treatment and relapse
Patients were advised to stop alcohol, smoking, and estrogen. Repeated phlebotomy until the
serum ferritin concentration is reduced to near the lower limit of normal is the preferred therapy
at this center, and was prescribed for 89% of patients. Complete remission, with decreases in
plasma porphyrin levels to within or close to the normal range and resolution of skin symptoms
was achieved in 93% of those treated by phlebotomy. However, 35% experienced one or more
later recurrences and responded to another series of phlebotomies. Low-dose
hydroxychloroquine or chloroquine was prescribed for 16 patients when phlebotomy was
poorly tolerated or was relatively contraindicated by concurrent conditions (e.g. anemia,
coronary artery disease, severe pulmonary disease or complications of HIV infection), or when
repeated visits to a blood bank were not feasible. This treatment was successful in 7 of 8 patients
for whom responses were recorded. A prospective study comparing these treatments is in
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progress. We advised treating PCT rather than hepatitis C initially because blistering skin
lesions are usually most symptomatic, treatment of PCT is more often effective and usually
requires less time, anemia during treatment of HCV makes it difficult to treat PCT concurrently,
and HCV treatment may be more effective after iron reduction.

DISCUSSION
PCT, the most common of the human porphyrias, is an iron-related disorder and the only type
of porphyria that can, and indeed usually does, develop in the absence of a mutation of a heme
biosynthetic pathway enzyme. Therefore, it is primarily an acquired disorder for which
susceptibility is determined by a number of known factors as well as others that remain to be
identified. PCT can be regarded as an uncommon hepato-cutaneous manifestation of common
disorders such as alcoholic liver disease, chronic hepatitis C and hemochromatosis 11–13. PCT
occurs worldwide, but there are geographic differences in incidence and in the proportion of
patients with given susceptibility factors such as HCV infection 14, as illustrated by the
representative case series compiled in Table 3. These differences may reflect geographic
variations in genetic makeup, health behavior and exposure to viral infections and
environmental agents.

In this case series, the largest yet reported in North America, the average age of onset of PCT
was in the fourth decade of life in both men and women, and the disease was more common
in Caucasians than other ethnic groups. These features are consistent with previous reports
from North America 9, 15. The proportion of African Americans and Hispanics was much less
than would be expected based on the ethnic distribution of patients at this medical center. PCT
may be less symptomatic and less often recognized in African Americans due to greater skin
pigmentation. However, the lower proportion of Hispanics is unexplained. Ethnic disparities
in ethanol use, smoking, hepatitis C 16 and HFE mutations 17, 18 have been little studied in this
and other geographic regions. Unidentified genetic susceptibility factors for this disease may
also vary across major ethnic groups.

Factors known or suspected to be related to susceptibility for PCT were much more prevalent
in this large group of patients than has been observed in the general US population (Table 1),
but comparable to other large case series of this disease from North America and, with some
exceptions, from other regions in the world (Table 3). Especially prevalent were alcohol use
(in 88%), smoking (81%), hepatitis C (69%), HFE mutations (51%) and estrogen use (in 66%
of females). Less commonly observed were HIV infection (in 13%) and inherited UROD
deficiency (17% had subnormal erythrocyte UROD). Prevalence of hepatic steatosis was
32.1% as determined by liver biopsy and 54% as suggested by increased echogenicity on
ultrasound, which might be greater than that expected in the general population (Table 1).

As shown in Figure 1, multiple susceptibility factors were found in individual patients. Data
was more commonly incomplete in this retrospective study in patients with fewer identified
susceptibility factors (Figure 1). For example, results for HCV and HFE mutations were
available only for patients seen after these testing methods became available in 1990 and 1995,
respectively. Alcohol intake was often intermittent and difficult to quantify from the clinical
records. Therefore, an even greater multiplicity of factors would have been evident if all
patients had been completely evaluated. A thorough identification of known susceptibility
factors is important clinically, because management of PCT may be affected, and some
themselves cause liver disease and other medical problems.

Most other case series have reported the frequency of one or a few susceptibility factors in
PCT (Table 3), but did not describe multiple factors or address associations among them. Our
current data set was large enough to meaningfully assess associations among multiple factors.
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We found significant associations between HCV infection and other behavior-related factors,
namely alcohol use and smoking, and with male sex and Caucasian race, which indicates that
behavior-related factors are especially important contributors to development of PCT in our
population. HIV infection was more common than expected in PCT patients with hepatitis C
and even more so in those without this infection. An observed association between Caucasian
race and estrogen use might reflect ethnic differences in use of prescription drugs. Estrogen
use was more prevalent in the absence of HCV infection, both of which were associated with
female sex. An association between diabetes mellitus and decreased erythrocyte UROD
activity in this patient group is unexplained, and deserves further study. Hepatic steatosis,
which was assessed incompletely in this series, may result from other factors, such as alcohol
and diabetes mellitus 8. Steatosis, as assessed by ultrasound, was significantly associated with
alcohol use in this study.

Our findings support the view that in most patients with PCT a multiplicity of susceptibility
factors is needed to produce sufficient oxidative stress in hepatocytes to generate a UROD
inhibitor 6. Some of the most prevalent factors in our patient population are associated with
each other and can be related to life style and behaviors such as substance abuse. PCT patients
without behavior-related factors may be particularly likely to have inborn susceptibility factors
that are not presently known. It will be of interest to determine if clustering of particular
susceptibility factors is observed in PCT patients in other geographic areas, and how associated
factors act together to cause hepatic UROD deficiency.
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Figure1.
Varying numbers of coexisting susceptibility factors in 143 patients with porphyria cutanea
tarda. Patients who were assessed for all the susceptibility factors listed in Table 1 (solid
portions of bars) had more identified factors than those who were incompletely assessed (open
portions of bars).
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Figure 2.
Classification and regression tree (CART) exploration of associations among susceptibility
factors in porphyria cutanea tarda. HCV infection was used as the target variable and the
predictive contributions of smoking, alcohol use and HIV infection are shown.
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Figure 3.
Frequencies of susceptibility factors related to behavior among 139 patients with porphyria
cutanea tarda. Risk factors both related and unrelated to behavior were present in 70 patients
(solid bar), only behavior-related risk factors (alcohol use, smoking, hepatitis C and HIV
infection) in 63 (gray bar), and only those not related to behavior (HFE mutations, decreased
erythrocyte UROD activity and estrogen use) in 6 (open bar).
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