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Background: Porphyria cutanea tarda (PCT) is a rare hepatocutaneous disease for which the prognosis is
largely unknown.

Objective: To compare all-cause and cause-specific mortality between a nationwide cohort of patients with
PCT and a matched population sample.

Methods: We included all Danish patients who received a diagnosis of PCT from 1989 through 2012. Each
patient was matched by age and sex to 10 random population control individuals. We compared survival
and cause-specific mortality between patients and control individuals and adjusted for confounding from
alcohol-related diseases, hepatitis, hemochromatosis, HIV, diabetes, acute myocardial infarction, stroke,
cancer, chronic obstructive pulmonary disease, and cirrhosis.

Resulss: The 20-year survival was 42.9% (95% confidence interval [CI], 36.9-48.7) for patients with PCT
compared with 60.5% (95% CI, 58.6-62.4) for matched control individuals. All-cause mortality hazard ratio
(HR) was 1.80 (95% CI, 1.56-2.07) before adjustment and 1.22 (95% CI, 1.04-1.44) after adjustment. The
cause-specific mortality was markedly increased for nonmalignant gastrointestinal diseases (HR, 5.32; 95%
CI, 2.71-10.43) and cancers of the gut (HR, 2.05; 95% CI, 1.24-3.39), liver/gallbladder (HR, 11.24; 95% CI,
4.46-28.29), and lungs (HR, 2.17; 95% CI, 1.41-3.33).

Limitations: We had no data on lifestyle factors.

Conclusions: Patients with PCT have increased mortality, primarily explained by an increased mortality
from gastrointestinal diseases and from cancers of the gut, liver/gallbladder, and lungs. (J Am Acad

Dermatol 2020;83:817-23.)
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orphyria cutanea tarda (PCT) is a metabolic
disease where the fifth enzyme in the heme
synthesis, uroporphyrinogen decarboxylase
(UROD), has reduced activity. Reduced enzyme
activity results in accumulation of porphyrins,
heme intermediates, primarily in the liver and skin.
Porphyrins are phototoxic, resulting in cutaneous

symptoms such as blisters, sores, hyperpigmenta-
tion, and hypertrichosis on sun-exposed areas.

PCT is the most prevalent porphyria disease
worldwide, with a prevalence in Denmark of
approximately 1/10 000,” yet little is known about
its prognosis. In addition to a mutation in the gene
coding for UROD, several factors are known to
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reduce enzyme activity and thus facilitate porphyrin
accumulation: high alcohol intake, smoking, iron
overload, hepatitis C, human immundeficiency virus
(HIV), and estrogen use in women.”* Consequently,
these characteristics are common among patients
with PCT and may explain why they have an
increased risk of liver cancer and, possibly, other
cancers.””  Moreover, pa-
tients with PCT also have an
increased  prevalence  of
impaired glucose tolerance
and diabetes mellitus. The
association between PCT
and impaired  glucose
metabolism is not fully
understood but  possibly
implicates iron overload; a
previous study'”'" showed
that patients with PCT with
persistently  high  ferritin
levels were more likely to
develop impaired glucose
metabolism and diabetes.

Only 2 studies have
focused on the mortality of patients with PCT. One
small study'” from 2005 did not find a higher mor-
tality, whereas a 20-year-old study by Linet et al’
found increased all-cause mortality and increased
mortality from cancer, chronic obstructive pulmo-
nary disease (COPD), and liver cirrhosis. Linet et al
followed Danish and Swedish patients with PCT
from 1965 to 1993 and compared mortality among
these patients with the mortality in the general
population using standardized mortality rates.
Since then, new diagnostic tools and treatment
modalities have emerged, and the general popula-
tion survival has improved. Whether these changes
have influenced the survival of persons with PCT is
not known; however, such information is important
to the patients and the clinicians caring for them.
Consequently, we investigated the mortality and
causes of death among 659 Danish patients diag-
nosed with PCT between 1989 and 2012.

cutanea tarda.

PATIENTS AND METHODS

This historical cohort study includes all Danish
patients biochemically diagnosed with PCT from
September 1989 until December 2012. The date of
the PCT diagnosis (index date) was set as the first date
the person was biochemically investigated
for porphyria. From 1989 through 2012, the
porphyrin analyses were performed at the
Department of Clinical Biochemistry at Viborg
Regional Hospital (Denmark). We defined the
biochemical diagnosis of PCT as either urine
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urocarboxylporphyrin/creatinine  greater  than
6 pmol/mol creatinine, plasma fluorescence emission
peak at 615 to 620 nm, or fecal heptacarboxylpor-
phyrin greater than 2 nmol/g (dry weight). When
measured, fecal coproporphyrin ITI/T ratio was less
than 2, fecal protoporphyrin was less than 62 nmol/g
dry weight, and the excretion of porphobilinogen in
urine was less than 1.5 umol/
mmol  creatinine  and/or
porphobilinogen was less
than 10 pmol/L. Analyses for
genetic mutations in the
UROD gene were not
performed routinely, and if
performed, the results were
not available for this study.

Patients with PCT were
matched to random control
individuals from the general
population by sex, age, and
birth year. Each patient with
PCT was matched to 10
control individuals except
a 94-year-old woman, for
whom we could match only 6 control individuals.
All control individuals were alive on the index date
of their matched patient with PCT.

Danish registers

Since 1968, all Danish citizens have been assigned
a civil registration number. Each civil registration
number is unique, and it is used for all contacts with
the public system. Individual-level data from all
Danish registers can be linked through the civil
registration number.

The National Patient Registry contains data from
all hospital admissions since 1977 and, from 1995,
outpatient and emergency department visits as
well. The International Classification of Diseases,
eighth revision (ICD-8) was used in the period
from 1977 through 1993, and from 1994, the tenth
revision (ICD-10) was used.'” From the National
Patient Registry, we extracted diagnosis codes
and dates of hospitalization. Dates of death or
emigration were extracted from the Central
Person Register‘” Data on cancers was received
from the Cancer Register, which contains data on
cancer diagnoses, including the type of cancer
and date of diagnosis.'” From 1977 until 2003 the
ICD-7 codes were used, and from 2004 the ICD-10
codes were used. Causes of death were retrieved
from the Cause of Death Register; this register
contains data on causes of death for all decedents
since 1970 and is currently updated through
2015."°
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Abbreviations used:

AMI: acute myocardial infarction

CL confidence interval

COPD: chronic obstructive pulmonary disease
HIV: human immundeficiency virus

HR: hazard ratio

ICD: International Classification of Diseases

PCT: porphyria cutanea tarda
UROD: uroporphyrinogen decarboxylase

Statistical analysis

Follow-up began 6 months after the index date
because patients are typically screened for comorbid
diseases shortly after the PCT diagnosis is made.
Follow-up ended at death, in censoring at
emigration, or on April 30, 2017, whichever came
first. For each person, we extracted the date of
the first diagnosis code for PCT risk factors
(alcohol-related diseases, hepatitis C, hemochroma-
tosis, and HIV) and for selected comorbidities
(diabetes, acute myocardial infarction [AMI], stroke,
cancer, COPD, and cirrhosis).

First, we used the Kaplan-Meier method to
estimate survival time for patients with PCT and
control individuals. Cox regression was used to esti-
mate hazard ratios (HRs) for patients with PCT versus
control individuals, and we adjusted for differences in
alcohol-related disease, hepatitis C, hemochromato-
sis, HIV, diabetes, AMI, stroke, cancer, COPD, and
cirthosis. These confounders were included as time-
dependent binary variables in the analysis—for
example, a patient with PCT (or a control individual)
who was diagnosed with diabetes (or with hemo-
chromatosis, etc) 2 years after the index date counted
as a nondiabetic participant for the first 2 years of
follow-up and as a diabetic participant after that. The
Cox regression was repeated after exclusion of
persons (control individuals, patients with PCT and
their matched control individuals) and risk factors/
comorbidities, excluding cancers that were diagnosed
before 1995. This additional analysis was performed
to see the effect of registering outpatient visits from
1995 and forward.

Second, we repeated the Kaplan-Meier analysis of
survival time, except we excluded persons (control
individuals, patients with PCT and their matched
control individuals) who had been diagnosed with
any of the potentially confounding diseases before
the beginning of follow-up. The purpose was to
describe the survival time of patients with PCT who
were presumably healthy except for PCT at the time
of PCT diagnosis.

Third, we used the cumulative incidence function
to compute the 20-year cumulative mortality for
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patients with PCT and control individuals for the
following competing causes of death: cancer
(this was subsequently divided by cancer site),
cardiovascular disease, cerebrovascular disease,
COPD, respiratory diseases excluding COPD,
infection, endocrinologic disease, gastrointestinal
disease, alcohol-related death, neurological disease,
kidney/bladder disease, accident, suicide, other
causes, and missing cause of death. In addition, we
used Cox regression to estimate cause-specific
mortality HR for patients with PCT versus control
individuals. These analyses did not adjust for
confounding factors from comorbid diseases.

Ethical considerations

This study was approved by the Danish Data
Protection Agency (record number 17/26696).
According to Danish law, it did not need approval
from the local ethics committee because it was a
purely registry-based study.

RESULTS

From September 1989 through December 2012,
659 patients were diagnosed with PCT: 358 men with
a mean age of 58 years and 301 women with a mean
age of 60 years. The control group consisted of 3580
men and 3006 women. Total follow-up time for the
PCT group was 0404.7 years and for the control
group was 72 522.7 years. Patients with PCT were
sicker than control individuals from the time of
inclusion; they had a higher prevalence of all
PCT-related risk factors, with alcohol-related
diagnoses being most prevalent at 8.3%. The
prevalences of stroke and AMI were nearly the
same for patients with PCT and control individuals,
but all other comorbidities were more prevalent in
the PCT group, with the prevalence of cancer highest
at 14.4% (Table D).

The primary Kaplan-Meier analysis included 637
patients with PCT and 6519 control individuals; 22
patients with PCT had died, 1 control individual was
lost to follow-up, 6 control individuals had
emigrated, and 60 control individuals had died less
than 6 months after the index date. The median
survival time was 17 years for the PCT group. The
20-year survival probability was 42.9% (95%
confidence interval [CI], 36.9-48.7) for the PCT group
and 60.5% (95% CI, 58.6-62.4) for the control group
(Fig 1).

In the second Kaplan-Meier analysis, we excluded
283 patients with PCT and 3622 control individuals
who had comorbid diseases (alcohol-related disease,
hepatitis C, hemochromatosis, HIV, diabetes, AMI,
stroke, cancer, COPD, or cirrhosis) diagnosed before
the start of follow-up. We found that the 20-year
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Table 1. Characteristics of patients with PCT and
control individuals at the time of inclusion

Characteristics Patients Control individuals
Total, n 659 6586
Sex, n (%)
Male 358 (54.3) 3580 (54.4)
Female 301 (45.6) 3006 (45.6)
Age in years, mean (range)
Male 58 (10-85) 58 (10-85)
Female 60 (20-94) 60 (20-94)
PCT risk factors, n (%)*
Alcohol 55 (8.3) 165 (2.5)
Hepatitis C 38 (5.8) 19 (0.3)
Hemochromatosis 17 (2.6) 1 (0.02)
HIV 10 (1.5) 4 (0.06)
Comorbidities, n (%)*
Diabetes 44 (6.7) 289 (4.4)
AMI 29 (4.4) 332 (5.0)
Stroke 29 (4.4) 254 (3.9)
Cancer 95 (14.4) 583 (8.9)
COPD 51 (7.7) 245 (3.7)
Cirrhosis 18 (2.7) 33 (0.5)

AMI, Acute myocardial infarction; COPD, chronic obstructive
pulmonary disease; HIV, human immunodeficiency virus; PCT,
porphyria cutanea tarda.

*PCT risk factors and comorbidities were identified before the start
of follow-up.

survival probability was 52.8% (95% CI, 44.7-60.2) for
the PCT group and 70.3% (95% CI, 67.8-72.8) for the
control group.

When we adjusted for comorbid diseases
(including those diagnosed during the follow-up),
we found that the all-cause mortality HR for patients
with PCT versus control individuals was 1.22 (95%
CI, 1.04-1.44); without adjustment, it was 1.80 (95%
CI, 1.56-2.07) (Fig 2). Thus, the excess mortality for
patients with PCT was partially, but not fully,
explained by the comorbid diseases we considered.
Restricting the study period to 1995 through 2012 did
not affect our findings considerably (adjusted
mortality HR, 1.33; 95% CI, 1.12-1.59).

Patients with PCT had significantly increased
mortality from cancer (HR, 2.21; 95% CI, 1.76-2.76)
and gastrointestinal diseases (HR, 5.32; 95% CI,
2.71-10.41) (Fig 2). The hazard rates for the other
specific causes of death were generally higher for
patients with PCT, except for the rate of death from
cardiovascular disease, which was similar in the 2
groups, and the rate of death from a neurological
disease, which was lower in patients with PCT (Figs 2
and 3). Patients with PCT had a higher rate of death
from “other causes” (Fig 2), which for the PCT group
consisted of 14 deaths: 7 deaths from poorly defined
causes and 7 deaths from sarcoidosis, rheumatic

J AM ACAD DERMATOL
SEPTEMBER 2020

disease, psychiatric disease, or anemia. The cause of
death was missing for 32 decedents in the PCT group
(7.7% of deaths) and for 193 decedents in the control
group (5.5% of deaths) (Fig 2).

The distribution of the 20-year mortality risks
showed that cancer was the most likely cause of
death (21.2% risk of death from cancer within
20 years for patients with PCT vs 11.9% for control
individuals). Except for death from cardiovascular,
cerebrovascular, or neurologic diseases, all cause-
specific mortality risks were higher in the PCT group
(Fig 4).

DISCUSSION

This nationwide cohort study showed that
patients with PCT had higher mortality than matched
population control individuals, and their higher
prevalence of comorbid diseases could not fully
explain this excess. We found that they had an
increased risk of death from gastrointestinal diseases
versus control individuals (20-year mortality, 3.8% vs
0.9%, respectively) and cancer (21.2% vs 11.9%,
respectively), particularly cancers of the gut,
liver/gallbladder, and lungs. Additionally, we found
that the most frequent causes of death for patients
with PCT were cancers and cardiovascular and
gastrointestinal diseases and that their risk of death
from cardiovascular disease was not increased (5.9%
vs 0.3% for control individuals).

The primary strength of our study is the large
number of patients with PCT included; studies of
patients with PCT are often small because the disease
is rare. Another strong point is that because all
patients had PCT biochemically diagnosed, we did
not include patients with pseudoporphyria or
PCT-like symptoms, which could be the case in the
study of Linet et al.” However, we cannot exclude the
possibility that a few patients in our study may have
one of the acute porphyrias. Because the prevalence
of the acute porphyrias in Denmark is very low and
those patients are often identified from other
systemic symptoms, we believe that the number of
misdiagnosed cases is minimal and not significant in
the results of our study.

We found that our patients with PCT had
increased all-cause mortality, also after adjusting
for comorbidities. This finding is consistent with
the findings by Linet et al’ but contradicts the
study by Rossmann-Ringdahl and Olsson,"” who
performed a retrospective study of 84 patients with
PCT, of whom 21 died. By comparing their mean age
of death, 86 years for women and 76 years for men,
with that of the general local population, they found
that the deceased patients with PCT had a normal life
expectancy. However, no statistical analysis was
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Fig 1. Survival time for patients with PCT and their matched control individuals. PCT, Porphyria
cutanea tarda.

All-cause, unadjusted 1.80(1.56;2.07)

All-cause, adjusted 1.22 (1.04;1.44)

Gastrointestinal 5.32(2.71;10.44)

Respiratory excl. COPD 3.09 (0.82;11.71)

Accident 2.34(0.92;5.90)
Kidney/bladder 2.33(0.71,7.67)
Cancer 2.21(1.76;2.76)
Alcohol 1.74 (0.81;3.74)
Infection 1.57(0.81;3.05)
COPD 1.54(0.87;2.72)
Endocrinologic 1.48 (0.68;3.20)

Suicide 1.35(0.17;11.01)
Cerebrovascular 1.22 (0.62;2.41)
Cardiovascular 0.99(0.65;1.52)
Neurologic 0.41(0.13;1.32)
Other causes 2.12 (1.16;3.90)

Missing death cause

2.25(1.49;3.40)

0

5 6 7 8

9 10 11 12 13

Fig 2. Hazard ratios: unadjusted and adjusted all-cause mortality hazard ratios (95% confidence
intervals) and unadjusted cause-specific hazard ratios. COPD, Chronic obstructive pulmonary
disease; excl., excluding.

Like Linet et al,” we found that the mortality from
cancer was increased for patients with PCT. We
extended this finding by showing that our patients
with PCT had higher mortality from cancer in the

performed in that small study, and we believe that
our larger matched cohort study provides a more
precise and accurate estimate of the association
between PCT and mortality.
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All cancers 2.21(1.76;2.76)

Gastrointestinal 2.61(1.78;3.83)
Gut 2.05(1.24;3.39)
Liver/gallbladder 11.24(4.46;28.29)
Pancreas 1.62(0.62;4.27)
2.18(1.43;3.32)

2.50(0.28;22.38)

Respiratory

Larynx/glottis

Lung 2.17 (1.41;3.33)
Haematologic 2.02 (0.83;4.39)
Other cancers 1.91(1.26;2.89)
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Fig 3. Hazard ratios (95% confidence intervals) for death from all cancers and death from
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Fig 4. The 20-year risk of specific death causes for patients with PCT and matched control
individuals. COPD, Chronic obstructive pulmonary disease; excl., excluding; PCT, porphyria

cutanea tarda.

liver/gallbladder and the gut. Also, our patients with
PCT had increased mortality from lung cancer and
COPD, although the latter did not reach statistical
significance. These associations are consistent with
previous findings that patients with PCT have an
increased prevalence of tobacco smoking. " Finally,
our patients with PCT had increased mortality from
gastrointestinal diseases, likely explained by high
alcohol intake and liver cirrhosis.” We had expected
to see an increased mortality from cardiovascular

and cerebrovascular disease, too, but the mortality
was not increased. Our expectation was based on
previous studies showing that patients with PCT had
a high prevalence of diabetes and high risk of stroke.
We cannot explain this discrepancy between older
studies and ours.'"'*!”

We showed that a large part of the excess mortality
in patients with PCT was due to lifestyle factors and
comorbidity, and this conclusion is corroborated by
their higher risk of death from alcohol-related
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causes, accidents, and suicide. It is possible that the
1.22-fold higher mortality in our PCT group is in fact
due to residual confounding from lifestyle factors,
that is, we could not measure those factors with
sufficient accuracy to fully eliminate confounding.
However, it is also possible that PCT itself increases
mortality. This hypothesis that porphyrins are toxic is
supported by a study from 1992 that showed that
patients with PCT who developed hepatocellular
carcinoma had a longer untreated symptomatic
period.” Unfortunately, we do not have the data to
fully clarify the causes of the higher mortality among
our patients with PCT.

In conclusion, this historical cohort study has
shown that patients with PCT have higher mortality
and increased risk of death, mostly related to
respiratory and gastrointestinal causes. The study
emphasizes that patients with PCT and clinicians
treating these patients must pay special attention to
lifestyle and lifestyle-related comorbidities.
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