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【 CASE REPORT 】

Erythropoietic Protoporphyria-related Hepatopathy
Successfully Treated with Phlebotomy
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Abstract:
A 27-year-old man bearing an erythropoietic protoporphyria (EPP)-associated ferrochelatase (FECH) muta-

tion was admitted to our hospital for general malaise and marked elevation of the serum levels of hepatobili-

ary enzymes and bilirubin. Initial treatment with plasma exchange did not reduce the blood protoporphyrin or

serum liver enzyme levels, so phlebotomy was started. Surprisingly, weekly phlebotomy normalized the se-

rum levels of liver enzymes, accompanied by a marked reduction in the blood protoporphyrin levels. The

clinical course of this case strongly suggests that phlebotomy may be a suitable treatment option for EPP-

related hepatopathy.
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Introduction

Porphyrias are hereditary disorders in the heme biosynthe-

sis enzymes and are classified into eight types according to

genetic abnormalities of the enzymes and the accumulation

of biochemical intermediates of the heme biosynthesis path-

way (1). Erythropoietic protoporphyria (EPP) is one type of

porphyria caused by a reduced activity of ferrochelatase

(FECH) and the accumulation of protoporphyrin, a substrate

of this enzyme (2). In most cases of EPP, loss of function

mutations in FECH result in the massive accumulation of

protoporphyrin in erythroid cells residing in the bone mar-

row due to the disturbance of erythroid heme biosynthesis,

subsequently leading to high concentrations of protoporphy-

rin in the plasma and skin. Such high concentrations of pro-

toporphyrin in the skin are primarily responsible for the im-

mediate photosensitivity in EPP patients who develop

erythema and edema in sun-exposed areas. Thus, EPP is a

prototypical erythropoietic porphyria associated with skin le-

sions.

The liver is another target organ of EPP. Plasma protopor-

phyrin is taken up by hepatocytes, followed by biliary excre-

tion into the feces. A significant proportion of patients with

EPP develop hepatobiliary diseases secondary to the massive

accumulation of protoporphyrin in the hepatocytes. EPP-

associated hepatopathy can be used as a prognostic factor

for this disease, since approximately 5% of EPP patients

present with life-threating liver diseases, such as liver cirrho-

sis. It should be noted, however, that no treatment has been

established thus far for EPP-related hepatopathy, although

some studies have reported improvement in patients’ condi-

tions by ursodeoxycholic acid (3), cimetidine (4-6), cho-

lestyramine (7), adsorption therapy with activated car-

bon (8), plasmapheresis (9, 10), and exchange blood transfu-

sion (11). Furthermore, a study reported the efficacy of liver

transplantation, but its long-term results have not been clari-

fied (12).

We herein report a case of EPP-related hepatopathy suc-

cessfully treated with phlebotomy.
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Table.　Laboratory Data on Admission.

Blood count WBC (3,300-8,600) 11,400 μL

Hb (13.7-16.8) 12.3 g/dL

PLT (15.8-34.8×104) 15.8×104/ μL

Coagulability PT (70-130) 112.0 %

PT-INR 0.96

Biochemical values Na (138-145) 138 mEq/L

K (3.6-4.8) 4.2 mEq/L

BUN (8-20) 9 mg/dL

Cr (0.65-1.07) 0.55 mg/dL

eGFR 145

FBS (73-109) 142 mg/dL

TP (6.6-8.1) 7.0 g/dL

Alb (4.1-5.1) 4.0 g/dL

T-bil (0.4-1.5) 4.0 mg/dL

D-bil (0-0.4) 2.9 mg/dL

AST (13-30) 295 U/L

ALT (10-42) 200 U/L

ALP (106-322) 388 U/L

GGT (13-64) 617 U/L

CRP (0-0.14) 0.155 mg/dL

TC (142-220) 293 mg/dL

Fe (40-188) 116 μg/dL

Ferritin (25-250) 60 ng/mL

Porphyrin metabolism PP (30-86) 8,500 μg/dL RBC

Immunological test ANA (-)

AMA2 (-)

IgG (870-1,700) 1,227 mg/dL

Viral marker HBsAg (-)

HCVAb (-)

WBC: white blood cell, Hb: hemoglobin, PLT: platelet, PT: prothrombin time, 

BUN: blood urea nitrogen, Cr: creatinine, eGFR: estimated glomerular filtration 

rate, FBS: fasting blood sugar, TP: total protein, Alb: albumin, T-Bil: total biliru-

bin, D-bil: direct bilirubin, AST: aspartate aminotransferase, ALT: alanine amino-

transferase, ALP: alkaline phosphatase, GGT: gamma-glutamyl transepeptidase, 

CRP: C-reactive protein, TC: total cholesterol, PP: erythrocyte protoporphyrin, 

ANA: anti-nuclear antibody, AMA2: anti-mitochondrial antibody 2, HBsAg: hepa-

titis B surface antigen, HCVAb: hepatitis C virus antibody

Case Report

A 27-year-old man was admitted to Kindai University

Hospital due to general malaise and jaundice. He had suf-

fered from photodermatosis since childhood. He had been

diagnosed with systemic lupus erythematosus (SLE) due to

pancytopenia, butterfly rash, and an oral ulcer in May 2015

and was being treated with prednisolone (45 mg). A marked

elevation in his hepatobiliary enzymes (aspartate trans-

aminase, AST 130 U/L, alanine aminotransferase, ALT 39

U/L) was seen at this time point, so he was referred to our

department. A microscopic examination using liver biopsy

specimens revealed an interlobular bile duct and Maltese-

cross-positive porphyrin deposition in hepatocytes. Hepato-

cyte deposition of porphyrin, the marked elevation of serum

protoporphyrin level (895 μg/dL, normal range; 30-86 μg/

dL), and photosensitivity prompted us to consider a diagno-

sis of EPP-related hepatopathy. A definitive diagnosis of

EPP was made since he had a loss of function mutation

(IVS3-48T > C) in FECH. The patient was therefore ulti-

mately diagnosed with EPP-related hepatopathy and treated

with ursodeoxycholic acid (600 mg/day), cimetidine (800

mg/day), and cholestyramine (27 g/day) along with a reduc-

tion in sun exposure to minimize the toxicity of protopor-

phyrin.

He complained of general malaise in March 2016, and his

serum levels of AST (295 U/L), ALT (200 U/L), gamma-

glutamyl transpeptidase (GGT, 617 U/L), and total bilirubin

(T-bil, 4.0 mg/dL) were again elevated (Table). His serum

levels of albumin and prothrombin time levels were normal.

In addition, his serum levels of Fe and ferritin were normal

and his serum was negative for hepatitis B surface antigen

and hepatitis C virus antibody. Since the blood concentration

of protoporphyrin remained high (8,500 μg/dL), we consid-

ered this to be a case of exacerbation of EPP-related hepato-
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Figure　1.　Histology on a liver biopsy at the time of admis-
sion. (A) Hematoxylin and Eosin staining shows porphyrin de-
position in the liver. Porphyrin deposition was preferentially 
seen in the hepatocytes rather than in the bile duct. There were 
no findings suggestive of autoimmune hepatitis, including plas-
ma cell infiltration and rosette formation. (B) Polarizing mi-
croscopy confirmed the marked deposition of Maltese-cross-
positive porphyrin.

Figure　2.　Clinical course before and after admission. After admission, plasma exchange was per-
formed for a total of 5 times, no decrease in the blood protoporphyrin value was observed, and im-
provement of liver disorder was not observed either. Therefore, when switching to phlebotomy treat-
ment (200 mL ~ 400 mL) once/week, the blood protoporphyrin value was markedly decreased to 2,710 
μg/dL, and AST 21 U/L, ALT 16 U/L, T-bil 0.6 mg/dL and liver function also improved.
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pathy. Autoimmune-related hepatobiliary disease was un-

likely, since the serum levels of anti-nuclear antibody, anti-

mitochondrial antibody, and total IgG were normal. Abdomi-

nal ultrasonography indicated scattered areas of high bright-

ness, consistent with the deposition of crystalized porphyrin.

A liver biopsy was again performed to verify whether or not

the abnormalities of hepatobiliary enzymes were due to the

exacerbation of EPP-related hepatopathy. Microscopically,

the degree of hepatocellular porphyrin deposition was

greater than had been noted at the previous biopsy. Although

the accumulation of porphyrin is usually observed in the

bile duct and hepatocytes (10), porphyrin deposition was

preferentially seen in the hepatocytes rather than the bile

duct in this case. There were no findings suggestive of auto-

immune hepatitis, such as plasma cell infiltration or rosette

formation (Fig. 1). Thus, this case was ultimately diagnosed

as exacerbation of EPP-related hepatopathy.

Elevated serum levels of total bilirubin in the absence of

hemolysis as indicated by normal level of lactate dehydroge-

nase (LDH) (140 U/L) led us to speculate the presence of

severe liver dysfunction despite the normal levels of

prothrombin time and albumin. Plasma exchange was se-

lected as the initial treatment, since this treatment is effec-

tive not only for the removal of plasma protoporphyrin but

also for severe liver dysfunction. Although plasma exchange

was repeated for a total of five times, a reduction in the

blood levels of AST, ALT, or protoporphyrin was not

achieved. Thus, plasmapheresis was not effective for the

treatment of EPP-related hepatopathy in this case. We then

used phlebotomy to remove red blood cells and plasma pro-

toporphyrin (Fig. 2). Weekly phlebotomy (200-400 mL) was
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started, leading to a marked decrease in the serum levels of

liver enzymes, AST, and ALT, as well as protoporphyrin. As

his serum biochemical markers were decreased, symptom re-

lief was obtained. He was discharged and received follow-up

at the outpatient clinic via the oral administration of ursode-

oxycholic acid, cimetidine, and cholestyramine.

Discussion

EPP is caused by a loss of mutations in FECH, one of the

most critical enzymes in the heme biosynthesis pathway (2).

The impaired function of FECH in the presence of EPP-

associated FECH mutations causes the massive accumulation

of protoporphyrin, a substrate for this enzyme, in erythroid

cells. Such an accumulation of erythroid protoporphyrin in

the bone marrow results in high concentration of protopor-

phyrin in the circulating blood and skin. High concentra-

tions of plasma protoporphyrin also cause the hepatic accu-

mulation of protoporphyrin, since protoporphyrin is taken up

by hepatocytes. Thus, the accumulation of protoporphyrin in

the skin and liver plays a critical role in EPP-associated skin

disease and hepatopathy, respectively. A reduction in sun ex-

posure is a well-established aspect of managing EPP-related

skin disease caused by photosensitivity, since fluorescent

protoporphyrin activated by sunlight promotes subsequent

inflammatory responses. However, effective treatments for

EPP-related hepatopathy have not yet been established.

Given that hepatopathy rather than skin disease is associated

with the prognosis of EPP (13, 14), the development of a

new treatment for EPP-related hepatopathy is important. We

described a case of EPP-related hepatopathy successfully

treated with phlebotomy. Our present findings strongly sug-

gest that phlebotomy is a suitable treatment option for EPP-

related hepatopathy.

Phlebotomy has been shown to be highly effective in pa-

tients with another type of erythropoietic porphyria, porphy-

ria cutanea tarda (PCT), which is caused by a reduced activ-

ity of uroporphyrinogen decarboxylase (UROD) (1). PCT,

which is classified into sporadic and hereditary types, is also

characterized by skin lesions in sun-exposed areas and liver

dysfunction, as in EPP. A number of factors, such as alco-

hol (15), hepatitis C virus infection (16), HIV infec-

tion (16, 17), estrogen exposure (18), renal failure (19), and

lymphoma (20), have been identified as potential triggers for

sporadic PCT. However, in contrast to EPP, PCT is charac-

terized by iron overloading, which partially explains the

liver dysfunction in this type of erythropoietic porphyria.

Dramatic responses to phlebotomy in our case prompted us

to consider the co-occurrence of PCT and EPP. In fact, SLE

can trigger the development of PCT (21-23). PCT patients

exhibit elevated levels of urinary uroporphyrin or fecal

coproporphyrin in addition to elevated levels of serum fer-

ritin (24, 25). It should be noted, however, that there was no

significant elevation in these urinary, fecal, or serum

biomarkers in the present patient. Thus, we deemed the si-

multaneous occurrence of EPP and PCT-related hepatopathy

unlikely in this case. Furthermore, the dramatic responses to

phlebotomy could not be explained by iron overload, which

often accompanies PCT.

Plasma exchange was selected as an initial treatment in

this case since this treatment can be effective not only in the

removal of blood protoporphyrin but also in the restoration

of the liver function. However, plasma exchange did not re-

duce the blood protoporphyrin or ALT levels. Surprisingly,

weekly phlebotomy normalized the blood levels of protopor-

phyrin as well as AST and ALT. The mechanisms underly-

ing the dramatic responses to phlebotomy but not plasma

exchange remain unknown at present. Plasma exchange is

generally understood to be more effective in patients with

hemolysis than in those without hemolysis. We therefore

speculate that the absence of hemolysis might have reduced

the sensitivity to plasma exchange in this case. In contrast,

phlebotomy is expected to be effective regardless of the

presence of hemolysis. Given that exposure to sunlight eas-

ily induces hemolysis in EPP patients, the presence or ab-

sence of hemolysis might be associated with the sensitivity

to plasma exchange in EPP-related hepatopathy. Future stud-

ies addressing the therapeutic efficacy of plasma exchange

in a larger number of patients with EPP-related hepatopathy

will be needed to confirm this hypothesis.

Another question arising from the present case is the opti-

mum schedule of phlebotomy for EPP-related hepatopathy.

We selected weekly phlebotomy (200-400 mL/week) in this

case, using small-volume phlebotomy since the progression

of anemia due to massive phlebotomy may promote the ac-

cumulation rather than the removal of protoporphyrin as a

result of enhancement of the bone marrow function. Careful

monitoring of hemoglobin and the reticulocyte count may be

required during phlebotomy for EPP-related hepatopathy.

Determining the optimum schedule of phlebotomy is abso-

lutely necessary in order to establish phlebotomy as a treat-

ment option in EPP-related hepatopathy.

The pathogenesis of EPP-related hepatopathy has not

been fully elucidated, although bile duct occlusion caused

by aggregated protoporphyrin is considered to be involved.

It has also been suggested that deposition of protoporphyrin

may exert direct toxic effects through the induction of hepa-

tocyte apoptosis. In addition to these mechanism, we previ-

ously reported on the possible involvement of ATP-binding

cassette transporter G2 (ABCG2) in the development of

EPP-related hepatopathy (10). We observed a reduced ex-

pression of ABCG2, which functions as an important trans-

porter of not only bile acid but also protoporphyrin. Such a

reduced expression of ABCG2 may promote the accumula-

tion of protoporphyrin, subsequently occluding the bile duct.

Thus, several mechanisms have been proposed for the patho-

genesis of EPP-related hepatopathy. In the present case, the

protoporphyrin accumulation in hepatocytes was more

marked than that in the bile duct. Furthermore, apoptosis

was preferentially seen in hepatocytes rather than in the bile

duct. These microscopic findings again support the idea that

hepatocyte damage rather than bile duct damage is responsi-
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ble for the elevated levels of serum hepatobiliary enzymes in

this case.

In conclusion, phlebotomy may be effective in some pa-

tients with EPP-related hepatopathy. Future studies address-

ing the efficacy of phlebotomy in EPP-related hepatopathy

are necessary to confirm this idea.
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