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Review Article

Who remembers porphyria? For most health care providers, 
the name encompasses a group of diseases that were mentioned in a 
lecture and were too rare to commit to memory. However, the prevalence 

of some types of porphyria may be higher than is generally assumed. In this re-
view, we discuss progress toward understanding the pathogenesis and treatment 
of these conditions.

The porphyrias are disorders of heme synthesis, which has eight steps (Fig. 1). 
Each type of porphyria involves a defect, either inherited or acquired, in a pathway 
enzyme. When the defect is physiologically significant, it results in overproduction 
of pathway precursors preceding the defective step which enter the circulation and 
are excreted into urine or bile. The diseases have been grouped as acute hepatic 
porphyrias and photocutaneous porphyrias. The acute porphyrias are due to he-
patic overproduction of the porphyrin precursors, delta aminolevulinic acid and 
porphobilinogen, and the symptoms are caused by injury primarily to the nervous 
system. Cutaneous porphyria is due to overproduction of photosensitizing porphy-
rins by the liver or bone marrow, depending on the type of porphyria.

Acute intermittent porphyria is the acute type most often encountered in clinical 
practice.1,2 The most prevalent cutaneous porphyrias are porphyria cutanea tarda 
and protoporphyria (Table 1). Hereditary coproporphyria and variegate porphyria 
are acute forms in which attacks are much less frequent than in acute intermittent 
porphyria, but photocutaneous disease (similar to porphyria cutanea tarda) can 
occur. Acute flares are managed as they are in acute intermittent porphyria. Delta 
aminolevulinic acid dehydratase deficiency and uroporphyrinogen-III synthase 
deficiency (in congenital erythropoietic porphyria)3,4 are very rare and will not be 
discussed.

Acu te In ter mi t ten t Por ph y r i a

Acute intermittent porphyria is due to partial deficiency of the third enzyme of 
heme synthesis, porphobilinogen deaminase (or hydroxymethylbilane synthase). It 
is an autosomal dominant condition that occurs globally. The prevalence of muta-
tions in Western populations is approximately 1 carrier per 2000 persons.5,6 How-
ever, acute attacks occur in less than 10% of the at-risk population; this reflects a 
key role of environmental factors and possibly genetic modifiers.7,8

Manifestations

The typical patient with an attack of acute intermittent porphyria is a previously 
healthy young woman who has had several days of severe fatigue and an inability 
to concentrate,9 followed by progressively worsening abdominal pain, nausea, 
vomiting, and subtle neurologic signs (weakness, dysesthesia, and altered affect). 
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Analgesic agents, including opioids, have pro-
vided little or no relief. The patient’s medical 
record may reveal previous visits to the emer-
gency department with the same symptoms and 
a nondiagnostic evaluation.10 The vital signs are 
notable for tachycardia and elevated systolic 
blood pressure. The abdominal examination is 
unexpectedly benign. Abdominal imaging may 
show changes consistent with ileus but other-
wise is normal. The lack of objective findings 
and a poor response to analgesics often create 
an initial impression of psychosomatic pain or 
drug addiction.

The laboratory evaluation is normal apart from 
a minor elevation of liver-enzyme levels and a low 
serum sodium level. The serum sodium level may 
decrease precipitously after administration of in-
travenous glucose in water.11 Although the term 
porphyria implies purplish urine, the color of 
freshly voided urine in patients with acute inter-
mittent porphyria may be unremarkable, because 
the heme precursors for this type, mainly delta 
aminolevulinic acid and porphobilinogen, are 
colorless. Voided urine, exposed to light at ambi-
ent temperature, will slowly turn dark through 
formation of uroporphyrin-like pigments (por-
phobilin). Seizures occur in approximately 20% 
of acute attacks.12 The triad of seizures, abdomi-
nal pain, and hyponatremia in a young woman 
is highly suggestive of acute porphyria.

Acute attacks largely occur (in 80 to 90% of 
cases) in women of reproductive age.13 They are 
unusual before menarche and after menopause. 
In some cases, they are catamenial, related to 
the surge in progesterone that occurs between 
ovulation and the onset of menstruation. Certain 
medications, including oral contraceptives, may 
trigger attacks. Acute attacks also occur with ca-
loric deprivation related to intercurrent illness, 
perisurgical fasting, a crash diet, or bariatric 
surgery.14,15

 Diagnosis

Elevated porphobilinogen levels in urine or plas-
ma are specific for acute porphyria. During an 
acute flare, the increase is not subtle, reaching 
10 to 150 times the upper limit of the normal 
range (Table 2). The test can be performed in a 
random sample with the result normalized per 
gram of urine creatinine; a 24-hour collection is 
not required. Urinary porphobilinogen is not part 
of a “porphyrin screen,” which measures porphy-

rin levels only. The latter are relevant to cutane-
ous porphyrias but not to acute intermittent 
porphyria.

Figure 1. The Pathway of Heme Synthesis, Showing Pathway Intermediates 
and End-Product Regulation by Heme.

The eight steps of heme synthesis (left column) are shown with the enzyme 
(middle column) that catalyzes each step. The enzymes in bold type are 
the clinically most prevalent porphyrias, which are described in this article.
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Patients with first attacks of acute intermit-
tent porphyria often present to an emergency 
department, where rare diseases generally are 
not considered and, moreover, a test to detect 
porphobilinogen in urine is rarely available in 
real time. Until the 1990s, rapid methods for 
measuring porphobilinogen in urine — the 
Watson–Schwartz test and other tests — were 
available in many emergency departments. Al-
though these tests were helpful in experienced 
hands, they were qualitative only and subject to 
false positive results.

Today, the only route to a confirmed diagno-
sis is a routine quantitative porphobilinogen test, 

which has a turnaround time of 4 to 10 days at 
commercial reference laboratories. This often 
means a substantial delay in diagnosis, which 
can be costly in terms of misdirected medical 
care, progressive neurologic loss, respiratory 
paralysis, and even death. One analysis has sug-
gested that an expedited porphobilinogen test for 
patients in the emergency department would be 
cost-effective.16

Pathogenesis of Symptoms

Two hypotheses dominate thinking on the patho-
genesis of symptoms in acute intermittent por-
phyria. One theory envisions cellular heme defi-

Feature Acute Intermittent Porphyria Porphyria Cutanea Tarda Protoporphyria

Tissue site Liver Liver Bone marrow

Manifestations Pain in the abdomen and back and 
nausea, both of which increase 
over a few days; tachycardia 
without fever; seizures (in 20% 
of patients)

Slow onset of painless blisters, frag-
ile skin, scars, hypertrichosis on 
sun-exposed skin

Rapid onset of pain, edema, and 
itching after sun exposure; 
thickening of perioral skin and 
skin over the knuckles with re-
peated exposure

Age at onset and sex 18–45 yr; 90% female predomi-
nance

>40 yr; male predominance 1–3 yr (although delayed diagnosis 
is common); equal male–female 
incidence

Color of urine Normal to dark amber Brown or reddish brown Normal

Associated conditions, envi-
ronmental factors

Use of cytochrome P-450–induc-
ing medications or oral contra-
ceptive pills, severely restricted 
caloric intake

Hepatitis C virus infection, human 
immunodeficiency virus infec-
tion, iron overload, use of alco-
hol, use of estrogen

History of gallstones, microcytic 
anemia, cholestasis

Skin lesions None Painless blisters on sun-exposed 
skin, shallow open sores, de
pigmented scars

Acute injury: erythema and mild 
edema; chronic injury: licheni-
fied skin over knuckles and 
around mouth

Table 1. Principal Types of Porphyria in the United States and Europe.

Pathway Intermediate
Reference 

Range

Asymptomatic 
 Acute 

Intermittent 
Porphyria

Acute 
Intermittent 
Porphyria 

during Attack

Porphyria 
Cutanea 

Tarda without 
Symptoms 
(Treated)

Active 
(Untreated) 
Porphyria 
Cutanea 

Tarda Protoporphyria

Porphobilinogen in urine  
(mg/g of creatinine)

0–2 1–10† 20–300 <2 <4 —

Uroporphyrin in urine  
(μg/g of creatinine)

0–30 <30 20–200 30–300 >500 —

Protoporphyrin in blood  
(μg/dl)

0–80 — — — — >400

*	�To convert the values for porphobilinogen to micromoles per day, divide by 0.226. To convert the values for uroporphyrin to nanomoles per 
day, divide by 0.831. To convert the values for blood protoporphyrin to nanomoles per deciliter, divide by 0.563.

†	�In a minority of asymptomatic carriers, the level of urine porphobilinogen is higher than 10 mg per gram of creatinine. The risk of an attack 
is increased, relative to the risk when the baseline porphobilinogen level is normal or only slightly elevated.8

Table 2. Heme Pathway Intermediates in the Diagnosis of Porphyria.*
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ciency leading to a critical reduction in heme 
proteins in neuronal cells. The second theory 
postulates that delta aminolevulinic acid is neu-
rotoxic at the levels reached in acute porphyria. 
The latter idea has support from experimental 
models.17-19 In addition, the symptoms of two 
conditions — tyrosinemia and lead poisoning 
— resemble those of acute intermittent por-
phyria, and the delta aminolevulinic acid (but 
not porphobilinogen) level is elevated in urine in 
patients with these two conditions.20 The liver 
has been confirmed as the source of excess 
delta aminolevulinic acid in porphyria, because 
patients who undergo liver transplantation for 
intractable symptoms are cured.21

Treatment

Initial management includes review of the pa-
tient’s medications for any that are considered to 
be risky in patients with porphyria (Table 3) and 
the administration of f luids (preferably 10% 
dextrose in 0.45% saline), antiemetic agents, 
analgesic agents, and, if indicated, antiseizure 
medication. For a patient with seizures, the treat-
ment plan must take into account that several 
commonly used medications are highly risky in 
patients with acute porphyria (Table 3). Currently, 
the only specific treatment for acute attacks is 
intravenous heme (Panhematin [Recordati Rare 
Diseases] in the United States and Normosang 
[Orphan Europe] in Europe). Although hospital 
pharmacies do not stock Panhematin routinely, 
the supplier will send it by air express on request. 
To address questions about its use, the American 
Porphyria Foundation provides a list of special-
ists according to geographic area in the United 
States (www​.porphyriafoundation​.com/​content/​
Find-an-Expert); the European Porphyria Net-
work provides a similar list for Europe (http://
porphyria​.eu/​en/​content/​specialist-porphyria 
-laboratory-map).

Panhematin is a powder that is reconstituted 
immediately before use with either sterile water 
(provided by the manufacturer) or human serum 
albumin. The dose is 3 to 4 mg per kilogram of 
body weight, infused over a period of 30 to 40 
minutes, once daily. The first indication of a 
response is a sharp decrease in the porphobi-
linogen level in urine or plasma; the decrease 
occurs on day 3 of treatment (after the second or 
third infusion). Pain and nausea typically resolve 

Medication Safety

Anticonvulsants

Phenytoin Unsafe

Barbiturates (all types) Unsafe

Valproic acid Unsafe

Carbamazepine Unsafe

Primidone Unsafe

Clonazepam Possibly unsafe

Lorazepam Probably safe

Gabapentin Probably safe

Magnesium sulfate Probably safe

Propofol Probably safe

Ketamine Possibly unsafe

Bromides Probably safe

Other medications

Oral contraceptives Unsafe

Progestins Unsafe

Carisoprodol Unsafe

Spironolactone Unsafe

Furosemide Probably safe

Imipramine Possibly unsafe

Chlorpromazine Probably safe

Ibuprofen Probably safe

Opioids Probably safe

Diphenhydramine Probably safe

Lithium Probably safe

Meclizine Probably safe

Aminoglycoside antibiotics Probably safe

Penicillins Probably safe

Sulfa antibiotics Possibly unsafe

Erythromycin Possibly unsafe

Fluconazole Possibly unsafe

Nitrofurantoin Possibly unsafe

Rifampicin Possibly unsafe

Warfarin Probably safe

*	�Agents that are listed as being unsafe should be consid-
ered only if a less risky alternative is not available, the in-
dication is urgent, and the use will be short term. Those 
that are listed as being possibly unsafe should be used 
with caution, and those that are listed as being probably 
safe have been deemed so on the basis of use in patients 
with acute porphyria. More detailed information is provided 
at http://porphyriadrugs​.com/​, www​.porphyriafoundation​. 
com, and www​.drugs-porphyria​.org/​index​.php.

Table 3. Safety of Medications in Patients with Acute 
Porphyria.*
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on day 4.22 Motor neuron signs will persist but 
will not progress. The patient is ready for dis-
charge when narcotics are no longer needed and 
the oral caloric intake is adequate.

Panhematin is an important, even lifesaving, 
therapy, but it has shortcomings. In solution, it 
is unstable and must be infused as soon as it is 
reconstituted as described in the package insert.23

It is administered intravenously through a large 
peripheral vein or a central line. Use of a small 
vessel may result in painful phlebitis. The risk of 
phlebitis is reduced by preparation of the solu-
tion with human albumin rather than water.24

Panhematin causes platelet aggregation with a 
sharp decrease in the peripheral count that re-
covers over a 5-hour period. Prolongation of the 
prothrombin time is also seen and lasts approxi-
mately 24 hours.25 The changes in coagulation 
values have not been associated with bleeding, 
but caution is indicated in patients who are al-
ready taking an anticoagulant. Finally, frequent 

courses of heme can result in hepatic iron buildup 
and injury due to iron overload.26

Alternatives to the use of intravenous heme 
are being developed. One approach is the use of 
gene therapy in which the normal hydroxymeth-
ylbilane synthase gene is delivered to hepato-
cytes in a viral vector (ClinicalTrials.gov number, 
NCT02082860). Although the results of preclini-
cal studies were encouraging,27 a pilot investiga-
tion involving humans with frequent acute attacks 
showed no effect on levels of delta aminolevu-
linic acid or porphobilinogen.28 Adverse events re-
lated to administration of the vector were not seen.

A second approach involves the use of a small 
interfering RNA (siRNA) directed against delta 
aminolevulinic acid synthase 1, with the aim of 
reducing production of delta aminolevulinic acid 
(Fig. 2). The siRNA (Givosiran, Alnylam Pharma-
ceuticals) is derivatized with N-acetylgalactos-
amine for hepatocyte targeting.29 Studies in mice 
have provided proof of concept.30,31 In human 

Figure 2. The Mechanism of Small Interfering RNA (siRNA) Therapy.

Synthetic double-stranded RNA containing an ALAS1-specific sequence is derivatized with N-acetylgalactosamine to 
target the asialoorosomucoid (galactose) receptor, which is expressed nearly exclusively on hepatocytes. Within the 
hepatocyte, the RNA is processed into approximately 20-bp fragments by a cellular enzyme (dicer), and then sepa-
rated into single strands. The strand that is complementary to ALAS1 (the guide strand) binds to cellular ALAS1 
messenger RNA (mRNA) and enters the RNA-induced silencing complex (RISC), where the new double-stranded 
RNA is cleaved by a group of factors that include argonaute, a ribonuclease. The result is a reduction in the level 
of delta ALA synthase 1 protein and decreased production of ALA.
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phase 1 studies, after a single subcutaneous in-
jection of the siRNA, expression of delta amino
levulinic acid synthase 1 decreased within 24 
hours and remained within the target range for 
at least 1 month. Side effects as of this writing 
have been minor (www​.alnylam​.com/​web/​assets/​
SSIEM-2016_AS1_Ph1_Capella_Deck_090716​.pdf). 
Studies involving patients who have acute inter-
mittent porphyria with frequent symptom flares 
are under way. The siRNA approach, if success-
ful, would be a substantial improvement over 
intravenous heme because of its ease of admin-
istration and sustained effect (NCT02452372).

Frequent spontaneous acute attacks have a 
highly variable course, lasting from several 
months to many years, and they are often asso-
ciated with a markedly impaired quality of life.9 
Prophylactic heme infusion is helpful in some 
cases.1,2 When attacks are catamenial, ovulatory 
suppression with a gonadotropin-releasing hor-
mone agonist may be tried.13 Oral contraceptives 
are risky, as already noted. At present, liver trans-
plantation is the only remedy for recurring attacks 
with a poor response to heme and neurologic 
progression.32 Pregnancy usually is uneventful. 
Acute flares that occur during gestation can be 
treated with intravenous heme without risk to 
the fetus.33

Management of acute intermittent porphyria 
also involves genetic screening of family mem-
bers, especially the patient’s parents, siblings, 
and children. Family members who are found to 
carry the mutation are counseled about avoiding 
an acute attack and the importance of screening 
the next generation. They can be reassured that 
most of the risk of an acute attack is associated 
with manageable environmental factors. Across 
more than 400 identified mutations, there is little 
evidence that genotype predicts phenotype.8

Prognosis

Before the 1980s, mortality among patients with 
acute attacks of porphyria was approximately 
25%. With early diagnosis and specific treatment, 
the outlook is much improved.34,35

When motor neuron disease is part of an 
acute attack, the associated weakness resolves 
slowly but usually completely over a 1-year period; 
occasionally, foot drop or wrist drop do not re-
solve during the recovery period. Studies involv-
ing older patients with acute intermittent por-

phyria have shown an increased prevalence of 
chronic liver disease and kidney disease, possi-
bly owing to long-term toxic effects of delta 
aminolevulinic acid.36,37 The risk of renal dam-
age may be related to genetic variation in peptide 
transporter 2, which transports delta aminolevu-
linic acid as well as short peptides.38 Although 
liver disease seldom reaches the stage of cirrho-
sis, a Swedish study indicated that the risk of 
primary liver cancer (mainly hepatocellular car-
cinoma) is increased by a factor of 80 after the 
age 50 of years (and by a factor of 150 in wom-
en); annual screening with measurement of the 
alpha-fetoprotein level and abdominal imaging 
(e.g., ultrasonography) is recommended.39

Por ph y r i a Cu ta ne a Ta r da

Porphyria cutanea tarda, the most prevalent of 
the porphyrias, is estimated to affect 5 to 10 per-
sons per 100,000 population. It is due to inhibi-
tion of uroporphyrinogen decarboxylase, the fifth 
enzyme in the heme biosynthetic pathway (Fig. 1). 
Excess hepatic iron plays a large role in the 
pathogenesis, with more than 50% of patients 
with porphyria cutanea tarda carrying a muta-
tion for hemochromatosis (Table 4). Mutation of 
uroporphyrinogen decarboxylase is present in a 
minority of these patients and is not essential 
for disease expression.40

Factor Prevalence

percent

Acquired factors

Hepatitis C virus infection 69

Alcohol consumption 87

Tobacco use 81

Estrogen use (in female patients) 66

Human immunodeficiency virus infection 13

Genetic factors

Uroporphyrinogen decarboxylase mutation 17

Genetic hemochromatosis 53

C282Y/C282Y genotype 6

C282Y/H63D genotype 8

C282Y/- and H63D/- genotypes 39

*	�Data are from Jalil et al.41

Table 4. Susceptibility Factors in Patients with Porphyria Cutanea Tarda.*
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Pathobiology and Manifestations

Photosensitivity in porphyria cutanea tarda is due 
to excess circulating porphyrins, which transi-
tion to an excited state after exposure to blue 
light (peak wavelength, 410 nm). With relaxation 
to the previous ground state, they release energy 
that appears as fluorescence in vitro and causes 
injury to the skin. The onset is usually after the 
age of 40 years and is characterized by skin 
friability and chronic, blistering lesions on sun-
exposed areas, most often the back of the hands 
(Table  1). Women may notice the growth of 
facial hair. The excess uroporphyrin turns the 
urine brown or reddish brown.

Essentially all patients with clinical disease 
have at least two of the known susceptibility fac-
tors (Table 4), which together reduce uroporphy-
rinogen decarboxylase activity by approximately 
80%.41 Patients with a uroporphyrinogen decar-
boxylase mutation in one allele have a 50% loss 
of activity at baseline but will have symptoms 
only with inhibition of the residual enzyme by 
one or more of the exogenous factors (Table 4).42 
The inhibitory chemical is uroporphomethene, a 
product of uroporphyrinogen that arises within 
hepatocytes,43 possibly by a cytochrome P-450–
mediated oxidation.44,45

Diagnosis

A urine or plasma porphyrin profile with a pre-
dominance of uroporphyrin and heptacarboxy-
porphyrin is diagnostic of porphyria cutanea 
tarda, provided that levels of delta aminolevu-
linic acid and porphobilinogen are normal or 
only minimally elevated (Table 2). Patients with 
hereditary coproporphyria and variegate por-
phyria may present with similar cutaneous symp-
toms, but these conditions can be distinguished 
from porphyria cutanea tarda by measuring 
levels of fecal coproporphyrin (which are elevat-
ed in hereditary coproporphyria) and plasma 
porphyrins with a fluorescence emission peak at 
626 nm (in variegate porphyria).46

Pseudoporphyria is a bullous eruption that re-
sembles porphyria cutanea tarda clinically but with 
normal levels of plasma and urine porphyrins. It is 
often idiopathic but sometimes attributable to 
medications, especially nonsteroidal antiinflam-
matory drugs.47 It does not involve iron excess, but 
the pathobiology is otherwise unknown.

Finally, late-onset congenital erythropoietic 
porphyria may mimic porphyria cutanea tarda 

with respect to the cutaneous injury and urine 
porphyrin profile.48 The differentiating feature is 
markedly elevated levels of erythrocyte porphy-
rins in congenital erythropoietic porphyria.

Treatment

Hepatic iron depletion by means of phlebotomy, 
along with restriction of alcohol, tobacco, and 
estrogen, produces remission.49 Patients who 
have anemia or who have adverse effects with 
phlebotomy may take an oral iron chelator. In 
a pilot study, deferasirox (Exjade) at a dose of 
250 to 500 mg per day (an off-label use) appeared 
to be effective, albeit less efficient than phle-
botomy; side effects were minor at this dose.50 
The initial end point of treatment is a serum 
ferritin level at the low end of the normal range 
(approximately 20 ng per milliliter [454 pmol per 
liter]), which typically is achieved with three to 
eight phlebotomies. After a lag of 6 to 8 weeks, 
urine and plasma uroporphyrin levels decrease 
and skin lesions clear.

An alternative to iron depletion is low-dose 
hydroxychloroquine (100 mg) or chloroquine 
(125 mg), twice weekly (both used on an off-
label basis).51 They act within hepatocytes to 
mobilize porphyrins, which then undergo urinary 
excretion. They are more convenient and less 
costly than phlebotomy, and they are compara-
bly effective.52 In early studies of antimalarial 
doses of hydroxychloroquine, acute elevations in 
levels of aminotransferase were seen. With the 
currently recommended dose, the risk of liver 
injury is minimal, although caution is indicated 
in patients with cirrhosis or renal insufficiency. 
Monitoring for retinal changes is recommended 
at baseline and during treatment.53 The medica-
tion can be discontinued after the urine uropor-
phyrin level has been normal for several months. 
Because these drugs have no effect on hepatic 
iron stores, phlebotomy is preferred for patients 
with genetic hemochromatosis.

Two thirds of patients with porphyria cutanea 
tarda have hepatitis C virus (HCV) infection 
(Table  4). Case reports have suggested that 
eradication of the virus leads to resolution of the 
skin disease.54 The current availability of highly 
effective antiviral agents creates the possibility of 
treatment for HCV infection as primary therapy 
for porphyria cutanea tarda, although the avail-
able data are not adequate to determine the suc-
cess rate and durability of this approach.
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Prognosis

The disease responds to initial treatment in at 
least 90% of cases but can recur. Patients with 
genetic hemochromatosis require periodic phle-
botomy to keep the serum ferritin level below 
100 ng per milliliter (225 pmol per liter). Patients 
who consume more than four alcoholic drinks 
daily or continue smoking may relapse. However, 
women who require hormone-replacement ther-
apy can continue to receive transdermal estrogen 
after remission.55 In all patients, an annual check 
of urine or plasma uroporphyrin levels is recom-
mended for early detection of recurrence and for 
retreatment.

Pro t opor ph y r i a

Protoporphyria is due to overproduction of pro-
toporphyrin by the bone marrow. There are two 
forms, each of which is caused by a distinct ge-
netic mutation: ferrochelatase deficiency, which 
gives rise to “classical” erythropoietic protopor-
phyria; and delta aminolevulinic acid synthase 2 
hyperactivity, termed X-linked protoporphyria 
(because the gene encoding delta aminolevulinic 
acid synthase 2 is located on the X chromosome). 
Circulating protoporphyrin is excreted entirely 
into bile; thus, the color of the urine is normal.

Manifestations

The symptoms of protoporphyria, which usually 
start in early childhood as toddlers venture out-
doors, consist of intense stinging, burning, and 
itching of sun-exposed skin. The onset after sun 
exposure varies but may be within 10 minutes. 
Older children and adults, particularly those 
with darker skin, may handle being outdoors for 
an hour or more. Because an infant’s skin shows 
little more than mild swelling and erythema, the 
problem may be termed “sun allergy,” and pro-
toporphyria may not be diagnosed until years 
later. With repeated injury, mild hyperkeratosis 
and lichenification may develop over the knuck-
les and around the mouth (Table 1).

Inheritance

Once a puzzle, the inheritance of protoporphyria 
has become clear. Studies in the 1980s showed 
that in most patients, just one of the two ferro-
chelatase alleles is mutated. Because clinical 
expression varies widely, the disease was classi-
fied as autosomal dominant with variable pene-

trance.56 However, the loss of enzyme activity in 
symptomatic cases exceeds 50%, which is not 
consistent with a single-allele mutation. More-
over, in some families the pattern of inheritance 
is autosomal recessive.

Clarification came with sequencing noncod-
ing ferrochelatase DNA and finding a mutation 
in the third intron (IVS3-48T→C), which results in 
faulty splicing of the messenger RNA and a 20 to 
40% loss of ferrochelatase activity. When the splice 
mutation is paired with an inactivating mutation 
on the opposite allele, the total reduction in en-
zyme activity (70 to 90%) reaches the threshold 
for symptoms of protoporphyria. The prevalence 
of the splice mutation varies from less than 1% 
among West Africans to approximately 12% 
among white Europeans and North Americans 
and 47% among Japanese persons.57 Thus, in the 
West and Japan, the ferrochelatase/IVS3-48T→C 
genotype accounts for 85 to 90% of cases of 
protoporphyria. Approximately 5% of cases of 
protoporphyria involve a mutation in the gene 
encoding ferrochelatase in both alleles. Most of 
the remaining 2 to 10% are X‑linked protopor-
phyria.58,59 As with other X-linked diseases, male 
patients with an activating mutation in the gene 
encoding delta aminolevulinic acid synthase 2 are 
severely affected; female heterozygotes are vari-
ably photosensitive, ref lecting X-inactivation of 
either the normal or mutated allele.60

Diagnosis

The screening test for either type of protopor-
phyria is measurement of total blood porphyrin, 
which includes both metal-free protoporphyrin 
and zinc protoporphyrin. Levels that are 5 to 50 
times the upper limit of the normal range are 
diagnostic (Table 2).

Separate determination of zinc protoporphy-
rin as a fraction of the total is helpful for a pre-
liminary differentiation between erythropoietic 
protoporphyria and X-linked protoporphyria. In 
erythropoietic protoporphyria, zinc protopor-
phyrin constitutes approximately 5% of the total 
protoporphyrin in blood, whereas in X-linked 
protoporphyria, it constitutes 20 to 40%. The 
determination directs attention to the appropri-
ate gene for mutation analysis. Some reference 
laboratories measure only zinc protoporphyrin 
but label it, misleadingly, as “free protoporphy-
rin.”61 The level of zinc protoporphyrin is elevat-
ed in patients with iron deficiency and lead 
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poisoning.62 The test is not useful in screening 
for protoporphyria.

Treatment

Protoporphyrin is lipophilic, moving readily from 
erythrocytes into plasma and subcutaneous tis-
sue. As in porphyria cutanea tarda, the peak 
wavelength for light-mediated porphyrin excita-
tion (410 nm) is in the blue, not ultraviolet, 
range. Because this wavelength passes through 
window glass, patients are sensitive to indoor 
sunlight, as well as some types of artificial light. 
High-intensity lights for surgical or dental pro-
cedures may cause tissue injury unless they are 
equipped with a yellow filter, which absorbs blue 
wavelengths. Transparent topical sunscreens, 
which block ultraviolet light only, are ineffective.

Oral beta-carotene (Lumitene) has been touted 
as a natural quencher of singlet oxygen, which 
may mediate protoporphyrin-induced injury. The 
quenching of singlet oxygen by beta-carotene, 
however, has been shown only in vitro and may 
not occur in intact cells.63 Less than one third of 
patients with protoporphyria report positive re-
sults with this supplement.64

Case reports suggest a benefit of other oral 
medications — activated charcoal and colesti-
pol.65,66 In theory, they facilitate protoporphyrin 
excretion by binding it in the bowel lumen and 
preventing its enterohepatic recirculation.

Afamelanotide (Scenesse, Clinuvel Pharmaceu-
ticals) is a new therapy based on the observation 
that sun-related symptoms are inversely related to 
skin pigmentation in people with protoporphyria. 
This congener of α-melanocyte–stimulating hor-
mone increases production of eumelanin. It is sup-
plied as a sustained-release subcutaneous implant. 
Skin darkening starts within a few days after 
placement of the implant and persists for 3 to 4 
weeks. Phase 3, controlled studies showed ben-
efit in patients with protoporphyria,67,68 and the 
medication was approved in Europe. It is under 
review by the Food and Drug Administration.

Avoidance of sunlight is currently the princi-
pal recourse for many patients with protopor-
phyria. Consequently, approximately 50% of 
these patients have a vitamin D deficiency.69 Half 
of adult female patients and one third of male 
patients with this condition also have iron-defi-
ciency anemia, the basis for which is unclear. 
Hepcidin regulation and intestinal iron absorp-
tion appear to be normal.70

Prognosis

Protoporphyria severely limits the career choices 
and social activities of patients,64 who are also at 
risk for liver disease. Excess protoporphyrin from 
the marrow fluxes through hepatocytes into bile, 
leaving intracellular crystal deposits. Pigment gall-
stones are common and often cause symptoms 
in patients before 30 years of age.71 In approxi-
mately 5% of patients, cholestasis develops, 
which progresses rapidly to hepatic fibrosis and 
liver failure.72 Male patients with X-linked proto-
porphyria, in whom porphyrin levels are on aver-
age twice those seen in patients with erythropoi-
etic protoporphyria, may be at particular risk for 
this complication.

Intravenous heme, exchange transfusion, or 
both have been helpful in a few reported cases,73 
but usually liver transplantation is needed, some-
times followed by bone marrow stem-cell trans-
plantation to prevent recurrent cholestatic injury 
in the graft.21 Increasing plasma protoporphyrin 
and liver enzyme levels may be harbingers of 
cholestatic injury and should be monitored every 
6 months.

Conclusions

The porphyrias comprise a group of eight dis-
eases, each representing a defect in one of the 
eight steps of heme formation. The four types 
discussed here are those most likely to be en-
countered in clinical practice. They differ strik-
ingly in their respective manifestations and man-
agement, reflecting the consequences of impaired 
function at a specific point in the heme syn-
thetic pathway. Potential new therapies are emerg-
ing, and their development is encouraged in part 
by orphan-disease legislation in the United States 
and Europe.
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