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Objectives.Toevaluate thebenefit of screening forhepa-
tocellular carcinoma (HCC) in gene carriers of acute
intermittent porphyria (AIP) and estimate the annual
incidenceofHCCinthisgroup.

Subjects. All AIP gene carriers aged ‡55 years from the
northernmost county in Sweden, Norrbotten, were
invited for screening in this prospective study every
1–1.5 years during the period 1994–2009. We regis-
tered all HCC cases amongst AIP gene carriers in the
northern region of Sweden (four counties). We com-
pared gene carrierswith repeated screening intervals
of<2 years (GroupA)withcontrols (GroupB; i.e. gene
carriers who had never been screened, those
screened for the first time or screened at intervals of
>2 years, ordropouts). The screening included radio-
logical examination of the liver and relevant labora-
tory tests.

Results. A total of 62 AIP subjects participated in the
study, comprising 33% of the total AIP population
aged >55 years in the northern region of Sweden.
HCC was diagnosed in 22 AIP subjects (12 men and
10 women), mean age 69 (59–82) years. Amongst
these subjects, 73% had experienced prior AIP at-
tacks. The incidence rate ratio for HCCwas 64 (52 in
menand93 inwomen).Therewerenocasesofhepati-
tis B ⁄C or alcohol abuse. Liver cirrhosis was rare. Li-
ver resection could be performed in most subjects in
Group A. Fourteen patients died of HCC, one in
Group A and 13 in Group B. Compared with those
whowerenot screenedregularly, screeningwasasso-
ciated with improved 3-year and 5-year survival
(P = 0.005and0.038).

Conclusions.Screening forHCCincarriersofAIPenables
early diagnosis and a choice of potentially curative
treatmentswith improvedprognosis.We recommend
annualscreeningusing liver imaging forAIPgenecar-
riers>50 yearsofage.

Keywords: acute intermittent porphyria, hepatocellu-
lar carcinoma, screening,surveillance.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common neoplasia and the third leading cause of
cancer death, with approximately 600 000 annual
deaths worldwide [1]. The highest annual incidence
of HCC is found in certain regions of Asia and in
sub-Saharan Africa with 50–100 cases per 100 000
population – male-to-female ratio (m : f) 2–3 : 1. The
reason for the male preponderance is not clear. The
major known risk factors for HCC are viral (hepatitis
B and C), toxic (alcohol and aflatoxins), metabolic
(diabetes, nonfatty liver disease and haemochroma-
tosis) and immune (autoimmune hepatitis and pri-
marybiliary cirrhosis) [1]. Liver cirrhosis ispresent in
80–90%ofpatientswithHCCand is the largest single

risk factor [2]. A relatively low incidence of HCC, <5
cases per 100 000, is found in Scandinavia, Canada
and the United States [1]. The highest prevalence of
HCC is found amongst those aged over 65 years [1].
In Sweden, the annual incidence of HCC is 4.3 per
100 000 (m : f 5.8 : 2.8) [3], and the corresponding
rate for those over the age of 50 is 11.4 per 100 000
(m : f 15.4 : 8.0) [3]. This is similar to the rate in the
northern region of Sweden alone. In Sweden, the
prevalence of hepatitis B andC virus (HBV andHBC)
infections is low.

The prognosis of HCC is extremely poor if untreated.
Early detection and various treatment options have
led to marked improvement in the outcome of
patients with HCC over the past three decades [4].
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Surveillance programmes for specific groups at high
riskofHCCarecurrently recommended [5].

An association between acute intermittent porphyria
(AIP) and HCCwas reported for the first time in 1984
[6] and has since been confirmed [7–9]. An associa-
tion with other acute porphyrias, such as hereditary
coproporphyria [10] and variegate porphyria [8, 11,
12],hasalsobeenreported.

Our finding of a 100-fold risk of developing HCC in
AIP gene carriers from a population-based mortality
study from northern Sweden with a very high preva-
lence of AIP [13] was the incentive for this screening
programme. The aimof this studywas to evaluate the
benefit of screening forHCC in gene carriers ofAIP; to
our knowledge, this is the first such study. We also
estimated theannual incidenceofHCC inthispatient
group.

Material and methods

Participants and study settings

We started the screening programme in 1994 with a
follow-up of 15 years until 2009. All DNA-diagnosed
AIP gene carriers above the age of 55 years, living in
the county ofNorrbotten (thenorthernmost county in
Sweden with a total of about 250 000 inhabitants),
were invited at intervals of 1.0–1.5 years to take part
in the screening programme. All patients with AIP
from the northern region of Sweden with a diagnosis
of HCC during these 15 years were registered in the
study. The northern region comprises the four most
northern counties in Sweden with a population of
about 900 000. In a few cases, physicians from the
northern region, outside Norrbotten, had detected
HCCinpatientswithAIPthroughradiologicalscreen-
ing, and theseHCC caseswere included in the study.
TheW198XAIPmutation in thePBGD genewaspres-
ent in90%of theAIPpopulation inthisarea [14].

Procedures

Theprospectivescreeningprogrammewascomposed
of three parts: a radiological examination, relevant
laboratory tests and a questionnaire. Case records
were used for verification of radiological examina-
tions, laboratory results, HCC diagnosis, treatment
and outcome i.e. relapse, cause of death and survival
time.

Contrast-enhanced computed tomography (CT) was
most frequently used to detect HCC, followed by

ultrasonography and in a few cases magnetic reso-
nance imaging (MRI). The examinations were per-
formed at the local hospitals. When diagnostic prob-
lems occurred, a combination of radiological
methodswasused.DiagnosisofHCCwasbasedon li-
ver biopsy or, in a few cases, on a combination of
radiological imaging methods. The diagnosis
was confirmed by the Swedish Cancer Registry and
cross-checked with our AIP registry from northern
Sweden.

Blood tests included aminotransferases, triglyce-
rides, bilirubin, ferritin, gamma-glutamyltransfer-
ase, alpha-fetoprotein (AFP) and creatinine, and uri-
nary tests included 5-aminolevulinic acid (U-ALA)
andporphobilinogen (U-PBG).Theporphyrinprecur-
sors were measured when patients were not experi-
encing an attack of AIP. Reference levels for U-ALA
were <3.1 mmol mol)1 creatinine or <45 lmol L)1,
and for U-PBG, the levels were <1.2 mmol mol)1 cre-
atinine or <11 lmol L)1. Standard biochemical labo-
ratory analyseswere performed at accredited depart-
ments of clinical chemistry at the local hospitals in
the region, with shared reference values. AFP was
analysedat theClinicalChemistryDepartmentat the
University Hospital of Umeå. The cut-off level of AFP
for screening was 20 ng mL)1. Subjects were tested
for HBV and HCV at least once. HBV and HCV tests
wereanalysedat the clinicalmicrobiology laboratory,
UniversityHospital of Umeå. U-ALA andU-PBGwere
analysed [15] at the Swedish Porphyria Centre,
Stockholm.

The questionnaire focused on liver disease, alcohol
consumption and occupation, and in particular on
exposure tosubstances toxic to the liver.

In a case–control approach, we compared two
groups with HCC. The screened Group A comprised
gene carriers undergoing repeated screening within
1–2 years.ThecontrolGroupBcomprisedgenecarri-
ers who had never been screened, those screened for
the first time or screened at intervals of >2 years, or
dropouts.

Statistical analysis

Statistical significance was calculated using chi-
square and Fisher’s exact probability tests for nomi-
nal variables. A value of P < 0.05 was chosen as the
level of statistical significance. A significant differ-
ence in survival time was calculated by the Kaplan–
Meier log rank test. We used spss v 11(SPSS Inc.,
Chicago, IL,USA) forMacOSXfor statisticalanalysis.
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Results

Abouthalf of theSwedishAIPgenecarriers (498) lived
in the four northernmost counties of Sweden during
the study period, and 180 subjects were ‡55 years
old.

The eligible AIP population from the county of Norr-
bottencomprised81subjects‡55 years old.Onaver-
age, 62 AIP gene carriers (77%) participated in the
regular screening (i.e. one-thirdof thewholenorthern
region). The mean age at entry to the screening pro-
grammewas 67 years (50–83 years), and 52% (32) of
subjects were men. In total, 57% (35) had manifest
AIP (MAIP; i.e. acute attacks had occurred during the
patient’s lifetime) and the remainder had latent AIP
(LAIP; i.e. no attacks had been reported before initia-
tion of the study). MAIP was more common amongst
women(67%) thanamongstmen (33%).

HCC was diagnosed in 22 AIP gene carriers in the
northern region during the study period; 12 were
men (55%) and 16 (73%; eight men and eight wo-
men) had MAIP (Table 1). Fifteen of the patients with
HCC came from Norrbotten and seven from else-
where within the northern region; two cases outside
Norrbotten were detected by screening. The most
commonmutation of the AIP gene wasW198X, pres-
ent in 19 subjects. Another mutation with high pen-
etrance [14], R173W, was present in one woman
with MAIP (case 5) (Table 2). The low-penetrance
mutation R167W was present in one woman with
LAIP and normal levels of both U-ALA and U-PBG
(case 14). One man with LAIP had the I113T muta-
tion (case 1).

A summary of patient characteristics and clinical
data isshown inTable1.HCCwasalmostascommon
in women as in men, and in six cases (27%) of HCC,
the AIP gene carriers had not previously experienced
an AIP attack (i.e. LAIP). Normal levels of both U-ALA
andU-PBGwere found inonly twocases.

Alpha-fetoprotein was normal in all subjects in
GroupAand inmost controls inGroupB. In four sub-
jects, the AFP level was above 200 ng mL)1 and they
all had a tumour burden of >10 cm (Table2). Three of
these patients had terminal-stage disease. Amin-
otransferases were moderately increased in the five
patientswith increased levelsofAFP.

There were no patients with alcoholism, other liver
diseases or prior exposure to substances toxic to the
liver.

Surgery was an option for seven of eight screened pa-
tients inGroupAcomparedwith fourof14controls in
Group B (P = 0.024). Recurrence of HCC occurred in
three of sevenpatients inGroupAand in three of four
controls (ns). All patients in the control group died
during the study period. The tumour burden was
greater in the control group. The cause of death was
HCC in all but one subject with prostate carcinoma
(case12).Onlytwoscreenedpatients inGroupAdied;
one subject died from anaplastic pulmonary cancer
1 year after successful resection of a well-differenti-
ated HCC (excluded from statistical calculations),
andtheotherdied fromHCC.

Kaplan–Meier survival analysis is shown inFig. 1.We
found improved3-year survival inGroupAcompared
with Group B (P = 0.005) as well as improved 5-year
survival (P = 0.038).

Table 1 Clinical data from10womenand12menwith hepato-

cellular carcinoma and AIP. Comparison between Group A

with screening intervals <2 years and Group B (never

screened, first screening, screening intervals >2 years or

dropouts)

GroupA

Regular

screening

<2 years

GroupB

Neverscreened,

first screeningor

dropout

>2 years

Number 8 14

Women 3 7

Meanageat

diagnosis (range)

69(60–80) 69(59–82)

ManifestAIP 8 8

Cirrhosis ⁄ eligible 2 ⁄6 2 ⁄11

Tumourdifferentiation

(high ⁄medium ⁄ low)

5 ⁄1 ⁄0 9 ⁄1 ⁄0

HepatitisBorC 0 0

AFP>20 ng mL)1a 0 5

U-ALAandU-PBGnormalb 1 1

Tumourburden>7 cm 1 10

Surgery 7 4

Recurrence 3 3

AIP, acute intermittent porphyria; U-ALA, 5-aminolevulinic
acid;U-PBG,porphobilinogen;AFP,alpha-fetoprotein.
aAFP, fourmissingvalues.
bU-ALA reference <3.1 mmol mol)1 creatinine or <45 lmol
L)1. U-PBG reference <1.2 mmol mol)1 creatinine or <11
lmol L)1.Onemissingvalue
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During the 15-year screening period, there were 22
cases of HCC in the northern region of Sweden in
180 AIP gene carriers (87 men and 93 women)
‡55 years of age. Thus, the annual incidence of
HCC per 100 000 was 815 (m : f 920 : 717). The
annual incidence in the same age group for the
general population in northern Sweden was 12.7
(m : f 17.6 : 7.7) per 100 000. The standardized
incidence rate ratio (SIR) for HCC in AIP gene
carriers aged ‡55 years was thus 64 (95%
confidence interval 40–97); m : f 52 (95% confi-
dence interval 40–97) : 93 (95% confidence inter-
val 45–171).

Discussion

We found that radiological screening for HCC in AIP
gene carriers enables early diagnosis and a choice of
potentially curative treatments, thereby improving
prognosis. However, liver function tests and AFP
were not useful in screening for HCC. We also found
that carriers for AIP aged ‡55 years in northern Swe-
den constitute a high-risk group for developing
HCC.

Astrengthof our study is that it is thefirst toprospec-
tively estimate the incidence of HCC inAIP in a popu-

Table 2 Patient data, screening interval, treatment and survival data from 22 patients with hepatocellular carcinoma and acute

intermittent porphyria (AIP). Comparison between Group A with screening interval <2 years and Group B (never screened, first

screeningorscreening interval>2 years)

Group Case

Sex

m ⁄ f
LAIP ⁄
MAIP

Ageat

diagnosis

U-ALA

U-PBG AFP

Previous

screening

(years)

Tumour

burden

(cm) Treatment

Survival

months

Recurrence

(years)

B1

never

screened

1 m L 65 N ⁄+ N 5 Surgery 144 11

2 m L 69 N ⁄+ N 10 Surgery 74 1

3 m M 68 N ⁄+ 192000 >10 2

4 m M 66 >10 5

5 f M 64 + ⁄+ N >10 RF 12

6 f M 76 + ⁄+ 816 >10 2

7 f M 72 N ⁄+ 10 0.5

B2first

screening

8 f M 73 + ⁄+ N 10 72

9 f M 63 N ⁄+ 23 7 22

B3screening

interval

>2 years

10 m L 66 + ⁄+ N 3 4 Cytostatic 32

11 m L 74 N ⁄+ N 3 6 Surgery 23 2

12 m M 77 + ⁄+ 298 3.5 >10 Surgery+RF 29

13 f L 59 + ⁄+ 284 2.8 >10 4

14 f L 82 N ⁄N 7 >10 2

Aregular

screening

<2 years

15 m M 62 + ⁄+ N 1 6 Surgery 135 + + 11

16 f M 62 + ⁄+ N 1.5 12 Surgery 58 2

17 m M 60 + ⁄+ N 1.9 5 Surgery 13*

18 m M 73 + ⁄+ N 1.5 2 Surgery 91 + +

19 m M 80 N ⁄N N 1.9 4 Surgery 76 + + 1

20 f M 71 + ⁄+ N 1.1 3 Surgery 62 + +

21 m M 80 + ⁄+ N 1.5 5 7 + +

22 f M 68 + ⁄+ N 1.5 3 Surgery 6 + +

U-ALA,U-PBG:N = within reference levels,+ = above reference levels; seeTable1 for reference levels.
AFP:N = withinreference levels,<20 ng mL)1.
Survivalmonths:++ indicatespatientalive, *died frompulmonarycarcinoma
m, male; f, female; LAIP, latent AIP; MAIP, manifest AIP; RF, radiofrequency ablation; U-ALA, 5-aminolevulinic acid; U-PBG,
porphobilinogen;AFP,alpha-fetoprotein.
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lation-based investigationand to estimate thebenefit
of screening thispatient group. The study is based on
a well-characterized AIP population covering almost
every adult AIP gene carrier in the northern region of
Sweden, and it is probably the largest reported AIP
population [16]. As the number of undiagnosed AIP
gene carriers in our catchment area is small, the
risk of overestimating the incidence of HCC in the
AIP group is minimal. Furthermore, the patients
underwent surgery at one hospital, Umeå University
Hospital.

A weakness of our study could be that the founder
mutation W198X of the PBGD gene is predominant
in our AIP gene carriers and that this mutation is
reported as severe with high penetrance [14]. This
might reduce the possibility to generalize our
results. Another weakness is the disadvantage of
lead-time bias in surveillance studies, as surveil-
lance detects earlier disease. Only randomized con-
trolled studies can eliminate this bias and only one
such study on HCC has been reported. The study
was conducted in Chinese subjects with chronic
HBV infection and showed that screening with ultra-
sonography twice a year reduced the 5-year mortal-

ity by 37% [17]. Nowadays, such studies are not con-
sidered possible from an ethical point of view. The
best outcome measure is now regarded to be dis-
ease-free survival.

Annual incidence

The annual incidence of HCC in our study was 0.8%
for AIP gene carriers aged >50 years; thus, 125
subjects needed to be screened to detect one case of
HCC.Theannual incidence of breast cancer amongst
the general population of women aged >50 years in
Sweden is0.3%[3].

The annual incidence of HCC in subjects with acute
porphyrias was found to be 0.16% in a French
study [9] and 0.3% in a study from Switzerland
[18]. In a retrospective study from Stockholm,
Sweden, covering 22 years, the annual risk was
calculated as nearly 1% with a relative risk of 66
compared to an age-matched population in the
Stockholm area [19]. The higher annual incidence
in Sweden could to some extent be explained by the
presence of the high-penetrance W198X mutation
in the PBGD gene [14]. This founder mutation is
present in 90% of the AIP population in northern
Sweden and in approximately 40% in the Stock-
holm area. The same proportions of the mutation
were found amongst subjects with HCC in the two
geographical areas. However, a great variety of
mutations in the PBGD gene has been found in the
larger series of AIP subjects with HCC [9, 18, 19].
Thus, specific AIP mutations might only partly ex-
plain the variations in annual incidence of HCC in
subjects with acute porphyrias in different coun-
tries.

Incidence rate

The relative risk or SIR for HCC in AIP gene carriers
has been estimated in several studies, and the re-
sults have varied greatly. The French study [9] re-
ported an SIR of 36 (m : f 19 : 110). The lower figure
from France, compared to the present study and
the Stockholm study, [19] could be explained by the
lower annual incidence of HCC. It is interesting that
the risk estimates for women are similar in the
French and the present studies. The relative risk
reported from the first study of HCC in AIP was
83 [6], and a 61-fold risk was calculated (m : f
64-fold : 55-fold) in a study from Finland [8]. In
general, the results from these studies suggest that
women with AIP are at a higher relative risk of HCC
than men.
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Fig. 1 Survival time in 22 patients with acute intermittent
porphyriawithhepatocellular carcinoma.Dashed line,Group
A, repeated screening within 1–2 years; Solid line, Group B,
never screened, first-round screened, screening interval
>2 years, dropouts. Case 17 (Table 2) excluded fromGroupA
(died frompulmonarycarcinoma). Log rank(Mantel–Cox) test,
P = 0.004.
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Risk factors

The nine largest series, including this study, on
acute porphyria and HCC comprise 104 cases (96
AIP, five variegate porphyria and one hereditary co-
proporphyria) [6–9, 13, 18–20]. There was a female
predominance with 62%women overall. In most ser-
ies, the age at diagnosis was above 50–55, with a
mean of 68–69 years. However, the French study re-
ported 50 years as the mean age at diagnosis (37–
65 years). Hepatitis was only present in subjects in
the French study (two of seven HCC cases), but not
in the two other studies in which it was considered
[19, 20], or in this study. This might to some extent
explain the lower mean age at HCC diagnosis in the
French AIP population. It is interesting that the pres-
ence of cirrhosis was low in all series (approximately
30 ± 10%).

The commonrisk factors forHCCsuchasbeingmale,
alcoholism,cirrhosisandHBVorHCVwerenotappli-
cable in acute porphyrias. It is plausible that there is
aporphyria-specificrisk factor.

Porphyria-specific risk factors and pathogenesis

Further evidence of a porphyria-specific risk factor
should be considered as the proportion of subjects
withMAIPwas68%,calculated frompooleddata from
five of the large series on acute porphyrias and HCC
including our study (MAIP : LAIP 52 : 25) [9, 13, 19,
20]. Furthermore, women are more severely affected
byAIP thanmen,and theproportionofMAIP ishigher
in women. This corresponds to the female predomi-
nance in HCC, a reversal of the male-to-female ratio
of liver cancer in general. Increased levels of U-ALA
and U-PBG are more common in subjects with MAIP
than in those with LAIP [16], and the increased levels
of porphyrin precursorsmight be involved in the risk
ofHCC inAIP.

Various hypotheses have been suggested to explain
the high prevalence of HCC in acute porphyrias [6–9,
21]. Through autooxidation of ALA, chronically in-
creased levels of ALA in the liver could lead to the
generation of free radicals and subsequently to car-
cinogenesis over time. Data to support this have
been presented [22, 23]. Furthermore, in porphyrias,
a reduced free potential (hypothetical) haeme pool
could adversely affect cytochrome P450 and impor-
tant antioxidants, leading to an increase in reactive
oxygen species and mutation rate. The long-term ef-
fect in hepatic tissue might be liver cell injury and
development of HCC caused by free radical attack on

nucleic acids. The high risk of HCC in subjects with
acute porphyrias is thus predictable [21].

Screening methods

Screening methods should have high sensitivity and
specificity for detection of early-stage HCC. AFP was
not useful as a screening tool in our study and its use
for HCC screening should be discouraged according
tootherstudiesorguidelines [24,25].

Abdominal ultrasound is currently considered the
most appropriate screening technique, with a sensi-
tivity of 60–80% and over 90% specificity in early
HCC detection [26]. The specific vascular pattern,
with intensecontrastuptake inthearterialphase, fol-
lowed by rapid washout in the portal phase, has
proved to be specific to HCC. It can be examined by
contrast-enhanced ultrasonography, which should
beused tocharacterizeasuspectedtumour.

Repeated use of CT as a screening method is not rec-
ommended because of risks associated with irradia-
tion. Availability problems and costs are the major
problemsassociatedwithMRI as a screeningmethod
[24].

The ideal screening interval is not known, but an
interval of 6–12 months has been proposed. The rec-
ommended screening interval of 6 months is mainly
based on the speed of tumour growth; however, data
are limited [24]. Survival timewas not different in pa-
tients with cirrhosis screened at 6- or 12-monthly
intervals [27].

Treatment and prognosis

Resection is the first option for a single tumour in a
noncirrhotic liver, which is applicable in most cases
of early HCC in patients with AIP. These patients will
toleratemajor resectionswith lowmorbidity because
theriskof liver failure is low.

The 5-year survival rate for treatment of small tu-
mours (stage A in the Barcelona Clinic Liver Cancer
(BCLC) staging system) is 50–75%, using resection,
ablation or liver transplantation [24]. Five-year sur-
vival rates after resection in a large Japanese series
for HCC £2 cm, 2–5 cm and >5 cm were 66%, 52%
and37%, respectively [28]. Calculations of prognosis
(i.e.5-yearsurvival rates)aremainlymade inpatients
withHCCwith cirrhosis, as noncirrhotic liver is pres-
ent inonly5%ofHCC inWestern countries.However,
the favourable outcomes from early detection of HCC
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are hampered by a high incidence of recurrence:
tumour recurrence complicates 70% of cases at
5 years [4]. The recurrence rate is lower after liver
transplantation. In AIP gene carriers with HCC, liver
transplantation should be considered because it is
also isacure forAIPperse [29,30].

Screening recommendations

The objective of HCC screening is to decreasemortal-
ity from the disease. Before entering a patient into a
screening programme, the relative risk of HCC must
be considered. The relative risk is related to the inci-
dence of HCC. Furthermore, screening should also
increase life expectancy; thus, treatment results and
the extremely poor prognosis for untreated cases
must be considered. In patients with AIP with HCC
and small tumours – usually well-differentiatedHCC
in noncirrhotic liver with normal function – the ex-
pectedprognosismightbegood.

Surveillance is currently recommended for patients
at high risk of HCC; that is, certain groups of
HBV ⁄HCV carriers and those with alcoholic cirrho-
sis, haemochromatosis or primary biliary cirrhosis
accompanied by cirrhosis. The recommendations
are based on annual incidence; for example, surveil-
lance is recommended for Asianmenwith hepatitis B
from age 40 onward because the annual incidence in
this group exceeds 0.2% [5]. AIP should be added to
the list of risk factors as the reported annual inci-
dence was 0.16–0.9% in the French, Swiss and
Swedish studies, the relative risk of HCC was high,
and the prognosis for nonscreened patients was
poor. AIP gene carriers aged >50 years fulfil the Wil-
son and Jungner ethical principles and practice of
screening for disease.

We recommend annual ultrasound screening for
HCC in AIP gene carriers from the age of 50 and as
long as therapeutic options are applicable with re-
gardtoconcomitantdiseaseandage.
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