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Abstract

Advances in recent years in the understanding of, and
the genetic diagnosis of hereditary hemochromatosis
(HH) have changed the approach to iron overload he-
reditary diseases. The ability to use a radiologic tool
(MRI) that accurately provides liver iron concentration
determination, and the presence of non-invasive sero-
logic markers for fibrosis prediction (serum ferritin,
platelet count, transaminases, etc), have diminished
the need for liver biopsy for diagnosis and prognosis
of this disease. Consequently, the role of liver biopsy
in iron metabolism disorders is changing. Furthermore,
the irruption of transient elastography to assess liver
stiffness, and, more recently, the ability to determine
liver fibrosis by means of MRI elastography will change
this role even more, with a potential drastic decline
in hepatic biopsies in years to come. This review
will provide a brief summary of the different non-in-
vasive methods available nowadays for diagnosis and
prognosis in HH, and point out potential new techniques
that could come about in the next years for fibrosis
prediction, thus avoiding the need for liver biopsy in
a greater number of patients. It is possible that liver
biopsy will remain useful for the diagnosis of associated
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diseases, where other non-invasive means are not po-
ssible, or for those rare cases displaying discrepancies
between radiological and biochemical markers.
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INTRODUCTION

Liver biopsy with histological study and liver iron concen-
tration quantification has long been the gold standard for
the diagnosis and prognosis of hemochromatosis'’. The
great developments that have occurred in the field of iron
overload diseases in the last 15 years - identification of the
HFE gene and the mutations responsible of hemochro-
matosis, liver iron concentration (LIC) determination by
Magnetic resonance imaging (MRI) and non-invasive liver
fibrosis prediction with laboratory tests!™ - have all di-
minished the role of hepatic biopsy in hemochromatosis
study. Consequently, it is usually only used for prognosis
purposes'’. The development of liver cirrhosis is crucial
for hemochromatosis patients, as it changes both the
prognosis and the management of the disease".
Nevertheless, liver biopsy has associated risks inherent
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Figure 1 Non-invasive assessment of liver fibrosis in hereditary hemochromatosis in 2010. MRI: magnetic resonance imaging; LIC: liver iron concentration; AST:

aspartate aminotransferase.

to the technique, with a related mortality around 1/1
000-1/10 000", as well as wide variations in the results.
Sampling error studies have shown that a single biopsy
will miss cirrhosis in 10%-30% of patients and incorrectly
classify fibrosis by at least one stage in 20%-30%"". In
addition, both patients and hemochromatosis associations
have their objections to the procedure”. Furthermore,
liver fibrosis, and, in some cases, cirrhosis, may regress
after treatment with phlebotornym. Concerns about com-
plications and sampling errors have resulted in a search
for non-invasive tests for cirrhosis'”.

ROLE OF LIVER BIOPSY IN GENETIC HE-
MOCHROMATOSIS

The liver is the most easily accessible tissue in which it is
possible to determine the presence of iron ovetload. This
is done by LIC measurement in hepatic biopsym], but
there is a wide variation in measures of hepatic iron load,
especially in patients with liver cirrhosis'”. Liver biopsy
no longer has a primary role in the diagnosis of hereditary
hemochromatosis (HH) (Figure 1). In patients with HH,
liver biopsy is nowadays performed for three main rea-
sons'"™: (1) To determine the prognosis of the discase,
calculating the fibrosis grade in the liver sample; a Serum
Ferritin > 1 000 ug/L, raised aspartate aminotransferase
(AST) and platelet count < 200 000/uL are considered
markers of advanced liver disease, and liver biopsy has
been recommended for these patients'; (2) To diagnose
the presence of other diseases which produce iron over-
load, such as alcoholic liver disease and non-alcoholic
speatohepatitis (NASH), and to determine their severity.
When there is a coexistent pathology, liver biopsy may

144

.‘gn?s:iﬁm"* WJH | www.wjgnet.com

help to clarify the main cause of liver disease; and (3) To
identify preneoplastic lesions, including iron-free foci'”
and dysplastic nodules. All of these three main reasons
have been able to be assessed by non-invasive tools for

. . 15-17
quite some time!""".

NON-INVASIVE FIBROSIS MARKERS

Laboratory tests

Serological markers for non-invasive liver fibrosis deter-
mination are classified in two groups: (1) indirect markers,
such as those which do not directly reflect the extracellular
matrix metabolism, including transaminases, serum fer-
ritin, and platelet count; and (2) direct markers, such
as products of the extracellular matrix degradation or
synthesis, e.g, procollagen-IIl N-terminal peptide (PIIINP),
serum type IV collagen, laminin, hyaluronic acid, and
tissue inhibitors of metalloproteinases (ITMP), e#'”.,

Indirect markers: In the last decade, reports of non-
invasive approaches for fibrosis prediction in HH have
been pubhshedmm. The most obvious of these are serum
transaminases, but they are found to have normal levels
in up to 50% of patients with cirthosis™.

Guyader ¢ al'” revised the clinical and laboratory vari-
ables of 197 HH (C282Y homozygote) patients in France.
Their findings were validated in a group of 113 patients
from Canada. No patient with high-degree fibrosis was
found without hepatomegaly, raised AST, or serum fer-
titin > 1000 pg/L.

A study of 66 HH (C282Y homozygote) patients in
the USA™ revealed that age was an important feature,
and that no high-degree fibrosis in patients younger than
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40 was found. It has been previously suggested that pa-
tients over 45 run a greater risk of developing significant
fibrosis or cirrhosis in HH**,

More recently, Beaton ¢z a/”" studied the non-invasive
variables for cirrhosis prediction in 193 HH patients
(C282Y homozygotes) in Canada, and the study was vali-
dated in a group of 162 patients from France. The com-
bination of fertitin > 1 000 ug/L, platelets < 200 000/uL
and raised AST correctly diagnosed the presence of cit-
rhosis in 77% of Canadian patients and in 90% of French
patients. Morrison ¢ al”” proved in a USA multicenter
study of phenotypic hemochromatosis patients that a fer-
titin value < 1 000 ug/L makes the presence of cirthosis
unlikely, regardless of patient age or transaminase values,
thus avoiding the need for liver biopsy for a prognosis in
these patients. Our group in the Basque Country[25’261, re-
cently reported the utility of various non-invasive methods
for fibrosis prediction in hemochromatosis, with 32 pa-
tients being included in the study of which nine presented
with F3 or F'4 fibrosis (four patients had cirrhosis). In our
study, the combination of raised AST and a platelet count
< 200 000/uL revealed a negative predictive value of
100% for high-degree fibrosis. Platelets alone had a 94%
negative predictive value for high degree fibrosis; the four
patients with cirrhosis had a platelet count < 200 000/ L,
and three of them had a serum ferritin value < 1 000
ug/L. This is particularly unusual™, revealing potential
differences in different populations”, but cirthosis with a
serum ferritin value < 1000 pg/L has also been reported
by other groups in Canada and Australia®?. Crawford e
a”" have evaluated the utility of current diagnostic algo-
rithms for detecting cirrhosis (serum ferritin values, plate-
let count, and AST levels), in combination with setum
markers of fibrosis (collagen type IV, hyaluronic acid),
in predicting cirrhosis in HH patients. No patient with a
serum ferritin < 1 000 “g/ L. were cirrhotic. A combina-
tion of a platelet count < 200 000/pL, ferritin > 1 000
ug/L, and raised AST failed to detect 30% (3/10) of the
patients with cirrhosis (they did not have all the predict-
ing factors), but none of the patients with cirrhosis had a
platelet count > 200 000/ pL and normal AST. We think
that the combination of a platelet count < 200 000/uL
and raised AST is very useful indication for cirrhosis pre-
diction in HH™.

Direct markers: Type IV collagen is an important com-
ponent of the normal extracellular matrix, and serum
components of type IV collagen are thought to primarily
reflect matrix degradation. A serum type IV collagen level
higher than 115 ng/mlL has been found to be 100% sen-
sitive in the prediction of underlying cirthosis in HH™,
Recently, the same group has reported similar 100% sen-
sitivity with values > 113, but with only 56% specificity
for cirrhosis””. Other fibrosis markers, like serum laminin
and tissue inhibitor of metalloproteinase (TIMP- I ) levels
(or concentrations), seem to be of little value for fibrosis
prediction in iron overloaded livers™.

Jensen ez al’" showed that the serum procollagen I
N-propeptide, previously studied by Colombo ¢ a/*”, and
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serum laminin, seem to be of little value in iron-loaded
disorders.

Crawford ez al”" recently reported that serum hy-
aluronic acid with serum ferritin can accurately predict
cirrhosis and thus reduce the need for liver biopsy in
C282Y hemochromatosis. In their study, serum hyaluronic
acid concentration > 46.5 ng/ml. was 100% sensitive and
100% specific in identifying C282Y hemochromatosis
patients with cirrhosis. In HH patients with serum ferritin
values >1 000 pg/L, the measurement of hyaluronic acid
is a noninvasive, accurate, and cost-effective method for
the diagnosis of cirrhosis, and can assist in the clinical as-
sessment of the eventual need, or not, for liver biopsy.

Serum fibrosis matker panels: In 2008, Adhoute ¢ a/™
published a study about the diagnosis of liver fibrosis
using FibroScan and other non-invasive methods in pa-
tients with hemochromatosis. They studied Fibro Test,
Hepascore, APRI, FIB-4, Forns, Lok, and GUCI scores
in 57 patients with HH, and 46 controls. No statistical
difference was observed between the two groups in any
of the non-invasive tests. In both groups, a significant
correlation was found between FibroScan and Fibro Test
values, Forns score, Hepascore and GUCI score. No
correlation was found between Fibro Scan values and
Lok score, FIB-4 score or APRI score. When comparing
patients with a recent HH diagnosis (# = 10) and those
with iron-depletion (# = 47), no significant differences
were observed between the two groups for non-invasive
methods for liver fibrosis evaluation, with the exception
of the APRI and GUCI scores. A slight correlation was
found between serum ferritin values and FibroScan. They
concluded that biochemical markers and FibroScan may
constitute reliable non-invasive means for liver fibrosis
determination.

IRON CONCENTRATION DETERMINATION
AND FIBROSIS

The risk of significant fibrosis or cirrhosis has been asso-
ciated with the level of LIC*. Bassett e o/ introduced
the concept of a threshold for LIC above which cirrhosis
was more likely, and Sallie ¢ 2/*" reported that, in addition
to LIC, an age greater than 45 years may be a risk factor
for significant fibrosis or cirrhosis. In 2005 Olynyk ez al™
showed that the duration of iron exposure by the liver
increases the risk of significant fibrosis in HH, and con-
sidered patient’s age as a significant factor for fibrosis
prediction. The product of age and LIC (fibrosis-index)
obtained by liver biopsy or by MRI, with a 480 000 cut-
off resulted in a 100% sensitivity and 86% specificity
for the diagnosis of high degree- fibrosis (FB—F4)[23].

5.38]
; con-

MRI can now be used for assessing iron load”
sequently, liver biopsy is no longer required for the eva-
luation of iron load”™*" and the presence of iron in the
reticuloendothelial system can be assessed by MRI of the
spleenm], thus discarding secondary hemochromatosis

cases (Figure 2). This fibrosis index has been validated
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Figure 2 Quantification of liver iron concentration using magnetic resonance imaging. A: Hereditary hemochromatosis. Liver iron overload: Important reduction
in signal intensity from the liver; B: Prolonged treatment with phlebotomies. Liver signal intensity is normal; C: Secondary hemochromatosis. Reduction in signal
intensity in the liver and the spleen.

externally by our group™™’. The results we obtained were
close to those in the original paper, but we think that this
index must be taken into account in conjunction with
other predictive parameters.

RADIOLOGIC TOOLS FOR FIBROSIS
ASSESSMENT

Transient elastography

Transient elastography (FibroScan) is a new non-invasive,
rapid, reproducible method, allowing assessment of liver
fibrosis by measuring liver rigidity"™”. Adhoute ez 2™ have
studied the utility of FibroScan and other non-invasive
methods in patients with hemochromatosis. They includ-
ed 57 cases with 46 controls, obtaining a strong correla-
tion between FibroScan and many biochemical matkers,
although ferritin levels did not correlate with FibroScan
values. The prevalence of patients with FibroScan values
higher than 7.1 kPa (cut-off level for significant fibrosis),
was 22.8% in patients with hemochromatosis and 0% in
the controls (P < 0.0001). However, the technique must
be improved, because liver stiffness measurements are un-
interpretable in neatly one in five cases of a large prospec-
tive series™, mainly due to obesity, particularly increased
waist circumference, and limited operator experience.

Magnetic resonance elastography

Recently, another non-invasive radiologic tool has been
developed for liver fibrosis study: MR Elastography™.
Large Az values for elasticity (> 0.990 for scores =
F2, = F3, and F4) show that MR elastography was ac-
curate in liver fibrosis staging and that it was supetior
to biochemical testing with APRIs. It seems that it will
provide a higher technical success rate and a better diag-
nostic accuracy than ultrasound elastography and APRI
for staging liver fibrosis™. To the best of our knowledge,
this promising new non-invasive method has not yet been
utilised for the study of hemochromatosis patients.

CONCLUSION

Based on the advances during the last few years, bio-
chemical matkers, LIC determination by MRI (Fibrosis
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index) and FibroScan and, probably, MR Elastography,
all constitute reliable non-invasive means for detecting
liver fibrosis. The role of liver biopsy in the study of
hemochromatosis is decreasing, In future, it seems that
ILiver biopsy will only be performed for diagnosis of
associated diseases, or in patients where discrepancies
between radiologic and biochemical markers exist. We
think it is time to take a step forward and to reduce our
“faith” in liver biopsy in favour of non-invasive methods
for liver fibrosis prediction.
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