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ABSTRACT 
Hepatocellular adenoma (HCA) is a generally benign liver tu-
mor with the potential for malignancy and bleeding. HCAs 
are categorized into four subtypes on the basis of genetic 
and pathological features: hepatocyte nuclear factor 1α-mu-
tated HCA, β-catenin-mutated HCA, inflammatory HCA, and 
unclassified HCA. Magnetic resonance imaging (MRI) plays 
an important role in the diagnosis, subtype characterization, 
and detection of HCA complications; it is also used to differ-
entiate HCA from focal nodular hyperplasia. In this review, 
we present an overview of the genetic abnormalities, onco-
genesis, and typical and atypical MRI findings of specific sub-
types of HCA using contrast-enhanced MRI with or without 
hepatobiliary contrast agents (gadobenate dimeglumine and 
gadoxetate disodium). We also discuss their different man-
agement implications after diagnosis.

H epatocellular adenoma (HCA) is a rare, benign tumor of the liv-
er that occurs predominantly in young and middle-aged women 
(1). In contrast to focal nodular hyperplasia (FNH), HCA may in-

volve complications, such as a life-threatening bleeding and malignant 
degeneration (1–3). The strong association between the occurrence of 
HCA and the use of oral contraceptives was first acknowledged in 1970s 
(4), and the incidence of HCA is now thought to be 30 times greater 
in oral contraceptive users compared to nonusers (5, 6). A dose-depen-
dent association and spontaneous regression following the withdrawal 
of estrogens have also been described (4, 7). However, the exact role of 
estrogen in HCA is still poorly understood.

In this review, we present an overview of the typical and atypical mag-
netic resonance imaging (MRI) findings of different HCAs compared to 
FNH, and discuss various pitfalls that may be encountered with MRI. 

The new classification of hepatocellular adenoma 
A molecular and immunohistochemical classification of HCA has been 

introduced by the Bordeaux group (Table 1) (8, 9); in this classification, 
HCAs are divided into four subgroups based on clear genetic differences. 

The first group accounts for 30% to 40% of cases and is defined by the 
presence of hepatocyte nuclear factor 1α (HNF1A) mutations (10). The 
HNF1A gene controls lipid metabolism and mediates the downregula-
tion of liver fatty acid binding protein (LFABP). LFABP downregulation is 
typically observed using LFABP staining, which is 100% accurate (8, 11). 
The most typical presentation of group 1 (i.e., HNF1A-mutated) HCA 
lesions is the aberrant presence of internal steatosis. It should be noted, 
however, that internal steatosis is not sufficient for diagnosing this HCA 
subtype, as other subtypes may also exhibit internal steatosis (12). We 
prefer to avoid the term steatotic HCA, which is used in some litera-
ture on this particular subtype (13). Some patients with HNF1A-mutat-
ed HCA have an associated mutation that is thought to be responsible 
for maturity-onset noninsulin-dependent diabetes (14). Therefore, once 
this HCA subtype has been diagnosed, the clinician should be warned of 
the possibility of underlying diabetes.

A second group containing 10% to 15% of cases is identified by the 
presence of activating mutations of β-catenin (15). While β-catenin is 
phosphorylated and degraded by proteasomes under physiological con-
ditions, tumors fail to downregulate β-catenin and instead show nuclear 
accumulation of the protein (16). This accumulation is known to trigger 
an important signaling pathway in several cancers but is typified by he-
patocellular carcinoma (17). Although β-catenin activation is not sensi-
tive enough for immunohistochemical classification due to its visibility 
in only a few sporadic nuclei (12), another product of the same β-caten-
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in activation pathway, glutamine syn-
thetase, is homogeneously expressed in 
most lesions and can therefore be used 
as a sensitive and specific immunohis-
tochemical stain for β-catenin-mutated 
HCAs (8, 12). It should be noted that 
FNH also presents with diffuse gluta-
mine synthetase staining. Differentia-
tion between these two benign lesions 
(β-catenin-mutated HCA and FNH) 
is not difficult with large resections, 
as the map-like staining in FNH con-
trasts with the homogeneous expres-
sion in β-catenin-mutated HCA (12). 

 Nonetheless, it can be challenging for 
the pathologist to make this differenti-
ation in small biopsies.

The third group contains 40% to 
50% of HCA cases and shows evidence 
of the inflammatory response (18). A 
typical feature of these lesions is the ac-
tivation of acute phase inflammation 
proteins, such as serum amyloid A and 
C-reactive protein (8). This subgroup is 
also linked to obesity and high alcohol 
intake (19). Importantly, these lesions 
are associated with homogenous gluta-
mine synthetase and β-catenin stain-

ing. Therefore, it has been stated that 
these cases could be at increased risk of 
malignant degeneration (12).

The final group accounts for 10% to 
25% of HCA cases and shows no spe-
cific genetic alterations; this group is 
therefore currently referred to as “un-
classified” (16).

Implications for diagnosis
While immunohistochemical stain-

ing of LFABP, β-catenin, glutamine 
synthetase, serum amyloid A, and 
C-reactive protein has proven to be 
very effective in differentiating be-
tween the four subtypes of HCA, it is 
also useful in the differentiation be-
tween HCA and FNH (9, 20). In a retro-
spective, multicenter study in France, 
Bioulac-Sage et al. (20) found that the 
certainty of biopsy diagnosis of FNH 
increased from 53% to 87% when ad-
ditional immunohistochemistry mark-
ers and glutamine synthetase immu-
nostaining were used. The certainty of 
biopsy diagnosis of HCA also increased 
from 59% to 74% when immunohis-
tochemistry analyses were used. Prior 
to the introduction of these markers, 
HCA was often misdiagnosed as FNH 
during histological examination, espe-
cially when inflammatory HCA (for-
merly known as telangiectatic FNH) 
was involved (19). The latter lesions 
include the bile duct proliferation seen 
in FNH but demonstrate the behavior 
of a HCA (including the previously de-
scribed risk of malignant degeneration 
and bleeding). This confusion should 
be taken into account when evaluating 
older radiologic descriptions of HCA 
and FNH, as the reference standard has 
only become significantly more accu-
rate since the introduction of these 
markers.

Conventional MRI findings for 
hepatocellular adenoma 

HCA is primarily diagnosed by non-
invasive imaging techniques (1), and 
typical MRI characteristics can be used 
for differentiating between HCA and 
FNH. According to recent literature, 
some MRI findings are more typical 
than others (Table 2). T1-weighted 
hyperintensity seems to be prevalent 
only in HCAs and is most likely caused 
by blood degeneration products or gly-
cogen storage (21–23).

Table 1. Immunohistochemical and MRI signs used for differentiating the HCA subtypes 

 HNF1A-mutated β-catenin- Inflammatory Unclassified
 HCA mutated HCA HCAa HCA

Immunohistochemical staining

    Glutamine synthetaseb - +/- +/- -

    β-catenin - + +/- -

    C-reactive protein - - + -

    Serum amyloid A - - + -

    LFABP  - + + +

Typical MRI findingsc Diffuse homogenous  Faint scar Atoll sign and
 lesional steatosis  strong, diffuse,
   hyperintense 
   signal on
   T2-weighting

aInflammatory HCAs may show β-catenin positivity, in these cases most lesions may also show homoge-
nous glutamine synthetase staining.
bIn exceptional cases, glutamine synthetase can be normal in β-catenin-mutated HCAs. 
cThe MRI signs are preliminary and based on three recent papers (13, 21, 23).
HCA, hepatocellular adenoma; HNF1A, hepatocyte nuclear factor 1α; MRI, magnetic resonance imaging; 
LFABP, liver fatty acid binding protein.

Table 2. Classical MRI signs that can be used for differentiating HCAs from FNHs 

HCA FNH

Strong signs Strong signs

    Strong hyperintensity on T2-weighting     Spoke wheel appearance of scar

    Hyperintensity on T1-weighting 

    Cystic parts 

    Hemorrhagic parts 

    Diffuse intralesional steatosis 

    Atoll sign 

Weak signs Weak signs

    Faint arterial enhancement     Scar

    Liver steatosis     Lobular contours

    Multiple lesions     Strong arterial enhancement

We distinguish strong signs from weak signs. Strong signs are defined to be characteristic for that lesion. 
Weak signs are more common in either HCA of FNH, but can occur in both.
FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; MRI, magnetic resonance imaging.
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Other signs of non-neoplastic de-
generation can be appreciated in some 
HCAs through the visualization of in-
ternal bleeding cysts, necrosis or fluid. 
To the best of our knowledge, these 
finding have not been described for 
FNH (2). A strong T2-weighted hyper-
intense band in peripheral areas of the 
lesion is a typical sign of HCA and was 
only (possibly) visible in one FNH case 
in our series to date (see below) (21).

The finding of a central scar is a 
more commonly described imaging 
characteristic of FNH (2). However, we 
also found linear central scars in 21% 
of confirmed HCAs (21). This sign, 
which is characterized by a T2-weight-
ed central scar with late enhancement 
on delayed phase, does not seem to 
be sufficiently robust to allow differ-
entiation between these two lesions. 
Additionally, β-catenin-mutated HCAs 
appear to have a faint central scar in 
up to 75% of cases (Fig. 1) (21). On the 
other hand, in our experience a typical 
‘spoke wheel’ appearance of a central 

scar is only visible in FNH (Fig. 2) (2). 
The surrounding liver steatosis, in-

tralesional fat accumulation, faint ar-
terial enhancement pattern and pres-
ence of multiple lesions are more or 
less typical for HCA but can also oc-
cur in FNH (21–23). A lobular border 
is often described as a typical sign for 
the diagnosis of FNH, but our research 
group and others have found that the 
occurrence of a lobular border is not 
uncommon in HCAs (21, 22).

MRI findings based on the new 
subclassification

Laumonier et al. (23) were the first 
to publish the typical MRI features of 
HCA according to the subgroup clas-
sification. A homogeneous dropout 
of signal on the T1-weighted out-of-
phase sequence had a sensitivity of 
86.7% and a specificity of 100% for 
HNF1A-mutated HCA (Fig. 3), where-
as this dropout was absent or only fo-
cal (heterogeneous) in inflammatory 
HCA. Moreover, marked hyperinten-

sity on T2-weighted sequences was 
found to be typical for inflammatory 
HCA, with a sensitivity of 85.2% and a 
specificity of 87.5%.

We found similar presentations for 
HNF1A-mutated HCA and inflam-
matory HCA (21). Additionally, we 
showed that a hyperintense rim on 
the T2-weighted sequences was diag-
nostic for inflammatory HCA. This 
hyperintense rim sign corresponds 
to sinusoidal dilatation (Fig. 4) and is 
also referred to as an “atoll sign”. This 
characteristic includes a hyperintense 
rim in the periphery of the lesion on 
T2-weighted imaging with an isointen-
sity in the center of the lesion remi-
niscent of the sea within an atoll (24). 
Small intralesional T2-hyperintense 
nodules can be found in the center of 
the lesion (small islands) (21).

Several authors have reported that 
a faint scar may be a possible sign of 
β-catenin-mutated HCA (21, 23, 25), 
but the number of published β-caten-
in-mutated HCA cases to date is too 
low to draw any firm conclusions.

MRI findings after using liver-specific 
contrast agents

With the introduction of hepatobili-
ary contrast agents, an important tool 
became available for differentiating 
HCA from FNH (26).

Two gadolinium-based contrast 
agents are currently available, gado-
benate dimeglumine (Multihance, 
Milan, Italy) and gadoxetate disodium 
(Primovist, Berlin, Germany; brand 
name in the USA, Eovist).

Both agents show hepatocyte uptake 
and biliary excretion, with a hyper-
intense liver in the hepatocyte phase 
on T1-weighted imaging as a conse-

Figure 2. a–c. Axial T2-weighted (a), venous phase T1-weighted (b), and 20-min T1-weighted (c) MR images of a patient with the “spoke 
wheel” aspect that is typical for FNH. A central scar with divergences to the periphery is visible on T2-weighting and is reminiscent of a “spoke 
wheel” (a). These so-called spokes are normally enhanced in the venous phase using a nonspecific contrast agent or gadobenate dimeglumine. 
However, when using gadoxetate disodium, the central scar and the spokes are hypointense due to pseudo washout (b). After 20 min, the 
majority of the lesion (except the scar) becomes hyperintense due to internal bile duct proliferation (c). 

a b c

Figure 1. a, b. Axial T2-weighted (a) and T1-weighted (b) MR images of the liver after contrast 
injection. Histologically, β-catenin staining is positive in this patient. The faint scar-like region 
is T2 hyperintense (a, arrow) with late enhancement after contrast injection of a nonspecific 
gadolinium-based contrast agent (b, arrow), a finding that is similar to that expected in focal 
nodular hyperplasia (FNH). In our opinion, a lesion with a scar but lacking a “spoke wheel” 
aspect is not only typical of FNH, but may also occur in hepatocellular adenoma (HCA) and more 
typically in β-catenin-mutated HCA. 

a b
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quence. Lesions that involve bile ducts 
also appear to enhance. This observa-
tion is typically the case in FNHs and 
in some hepatocellular carcinomas 
(26). The most important finding is 
that HCAs do not normally show he-
patocyte uptake and biliary excretion 
and are therefore observed as hy-
pointense compared to the liver in the 
hepatocyte phase.

There are strong arguments for the 
uptake of gadoxetate disodium in 
FNHs and some hepatocellular carci-
nomas by organic anion transporter 
polypeptide channels (25, 27, 28). 
However, one study suggested anoth-
er mechanism of uptake of both gado-
benate dimeglumine and gadoxetate 
disodium in the liver (29).

Yoneda et al. (27) found that organ-
ic anion transporter polypeptide-8 is 
present in the periphery and not in the 
center of FNH, explaining the peculiar 
aspect of some FNH cases in the hepato-
cyte phase (ring-enhancement-type).

Gadobenate dimeglumine is excret-

ed by the liver at a significantly lower 
percentage (5%) than gadoxetate di-
sodium (50%) (26). As a result, gadox-
etate disodium produces a significantly 
greater signal intensity change in the 
hepatocyte phase than gadobenate di-
meglumine. This greater change can be 
helpful in cases where liver activity and 
thus changes in enhancement are low, 
as is observed in cirrhosis. One cause 
of this lower liver enhancement is the 
competitive uptake between these con-
trast agents and bilirubin, with uptake 
of the latter increased in patients with 
liver cirrhosis. Additionally, lesions 
that have an intrinsic T1-weighted hy-
perintensity, as frequently observed 
in HCAs, may often show insufficient 
liver enhancement when using gado-
benate dimeglumine. This insufficient 
enhancement results in the hyperin-
tense HCA becoming isointense in-
stead of hypointense compared to the 
surrounding liver (30). 

Whether there is a difference in up-
take of hepatobiliary contrast agents 

between the different HCA subtypes 
is still largely unknown. Our recent-
ly reported initial results noted that 
inflammatory HCAs range from iso-
intense to hyperintense in relation 
to the liver in the hepatocyte phase  
(Fig. 5) (30). However, the underlying 
cause of this finding was not obvious. 
Of particular interest is the fact that, in 
contrast to other HCAs, inflammatory 
HCA often harbors internal bile ducts, 
which could possibly explain the late 
isointensity in the hepatocyte phase. 
However, this phenomenon is difficult 
to discern from isointensity due to in-
trinsic hyperintensity prior to contrast. 

Implications for patient care
Though the use of either gadobenate 

dimeglumine or gadoxetate disodium 
may often be indicated, it can be diffi-
cult for a radiologist to choose between 
these two contrast agents. The major 
differences are listed in Table 3. 

As previously noted by others, ga-
doxetate disodium may be preferred 
over gadobenate dimeglumine when 
considering the rapid hepatobiliary 
phase at 20 minutes or earlier, whereas 
in patients scanned with gadobenate 
dimeglumine, the hepatobiliary phase 
is obtained with a second MRI per-
formed a minimum of one hour after 
the initial MRI and injection of con-
trast agent (24). However, it is import-
ant to note that the early hepatobili-
ary excretion of gadoxetate disodium 
prevents the dynamic phase from be-
ing separated from the hepatobiliary 
phase, which results in the disturbing 
interpretation of the dynamic phase 
in cases of suspected hemangiomas. 
Additionally, when using gadoxetate 
disodium, a large number of liver le-
sions become hypointense in the late 
dynamic phase due to pseudo washout 
rather than actual washout (due to en-
hancement of the surrounding liver). 
Finally, radiologists should be aware 
that because of this pseudo washout, 
the central scar in FNH may become 
hypointense instead of hyperintense 
in the late venous phase when using 
gadoxetate disodium. 

Another argument in favor of gado-
benate dimeglumine over gadoxetate 
disodium is the considerably lower 
cost of the former. This difference 
is most likely due to the wider range 

Figure 3. a, b. Axial T1-weighted in-phase (a) and opposed-phase (b) MR images of a 
hepatocyte nuclear factor 1α (HNF1A)-mutated HCA. This lesion shows the typical diffuse 
and homogeneous suppression of signal in the lesion due to fat accumulation. Also note the 
blood residue centrally located in the lesion as a T1-weighted hyperintense zone. In addition to 
steatosis, this lesion showed no liver fatty acid binding protein staining upon histology, which is a 
very sensitive marker for HNF1A mutation. 

a b

Table 3. Comparison of the hepatobiliary contrast agents gadobenate dimeglumine and 
gadoxetate disodium for liver imaging 

 Gadobenate  Gadoxetate
 dimeglumine disodium

T1 effect +++ +

Cost + ++

Shortness of investigation + ++(+)

Differentiation of HCA from FNH + +

Differentiation of benign liver lesions (hemangiomas) ++ - (+)

Hepatobiliary excretion + +++

FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma.
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of possible indications for the use of 
gadobenate dimeglumine, which ap-
pears to be a useful, nonspecific gado-
linium-based contrast agent. With the 
less pronounced T1-effect of gadox-
etate disodium, this agent is indicated 
for specific liver imaging only.

In the case of an atypical liver le-
sion where the differential diagnosis 
is broad and includes hemangioma 
and malignant tumors, a nonspecific 
contrast agent or gadobenate dimeglu-
mine is generally preferred over gadox-
etate disodium. In cases where MRI is 
prescribed solely for the differentiation 
between FNH and HCA, gadoxetate di-
sodium should be sufficient, which is 
often the case when preliminary exter-
nal computed tomography or MRI data 
are present.

Although contrast-enhanced ultra-
sonography is beyond the scope of this 
review, it may be speculated that in the 
near future differentiation between the 
different HCA subtypes may also be 

possible with the use of contrast so-
nography (31). 

Additionally, other markers may 
come to play a more prominent role in 
the differentiation of HCA from FNH 
or hepatocellular carcinomas (32, 33).

Malignant degeneration of 
hepatocellular adenoma 

Malignant degeneration of HCA has 
been reported but seems to occur very 
rarely. In a recent meta-analysis, a to-
tal of 1635 HCA cases were examined 
and yielded an overall malignant trans-
formation frequency of 4.2%. Most of 
those lesions were larger than 5 cm in 
diameter. However, the described over-
all frequency is most likely an over-
estimation due to the limited sample  
sizes of the studies and the fact that most 
studies only described resected HCA (29).

Furthermore, it is interesting that 
these so-called malignant degenerated 
HCAs show a pattern of a nodule with-
in a nodule or two tumors lying adja-

cent to each other (28, 30). In this situ-
ation, it might be questioned whether 
these nodules have undergone the 
same cellular changes.

The malignant potential of HCA seems 
stronger in β-catenin-mutated HCA, 
which is also more prevalent in men 
(15). Bioulac-Sage et al. (15) reported the 
occurrence of six hepatocellular carcino-
mas in 128 proven cases of HCA, all of 
which were β-catenin-mutated HCAs, 
whether they were inflammatory or not.

Management of these β-catenin-mu-
tated HCAs can vary between hospitals 
from conservative to aggressive (sur-
gical). Additional experiences from 
more hospitals are needed to correlate 
the classification system with clinical 
management (28). 

Internal bleeding in hepatocellular 
adenoma 

Rupture and bleeding have both been 
described in HCA; the hypervascular 
nature of these lesions may make them 

Figure 4. a–c. Axial T2-weighted (a), arterial (b), and venous (c) T1-weighted MR images of the liver with a typical presentation of an 
inflammatory HCA. The lesion presents with an “atoll sign” (a), which appears as a T2-weighted hyperintense rim (peripheral island with central 
sea) with or without central hyperintense islands as can be found inside an atoll. The lesion is hypervascular in the arterial phase (b), with late 
enhancement of the peripheral rim and central islands (c). Upon histology, these lesions demonstrate positive immunostaining of inflammatory 
proteins including C-reactive protein and serum amyloid A. The T2-weighted hyperintense rim is thought to be caused by local peliosis. 

a b c

Figure 5. a–c. Enhancement curve (a) of a known inflammatory HCA that was scanned every 2.5 min over a period of one hour following 
the injection of gadobenate dimeglumine. This approach allows an enhancement curve that shows no late enhancement to be reproduced. 
Comparison of axial fat-saturated T1-weighted sequences prior to contrast injection (b) and one hour after contrast injection (c) reveals that the 
lesion remains isointense (arrows) due to intrinsic hyperintensity. 

a b c
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more prone to bleeding. In contrast, 
FNHs do not demonstrate rupture or 
bleeding despite their hypervasculari-
ty. In a meta-analysis, we determined 
a HCA rupture prevalence of 16% (3). 
However, the papers studied did show 
some evidence of selection bias, as pa-
tients with silent HCAs were underre-
ported due to the lack of any indication 
for imaging in most of these patients. 
The meta-analysis showed that larger 
lesions (larger than 5 cm) are more of-
ten involved. There also seems to be no 
difference in the occurrence of internal 
bleeding depending on HCA subtype. 
After analyzing their own database, 
Bioulac-Sage et al. (15) also found no 
difference in the chance of macroscop-
ic bleeding between HNF1A-mutated 
HCA and inflammatory HCA, the two 
most prevalent subtypes (Fig. 4).

As the actual risk of bleeding is re-
ported to be higher in lesions larger 
than 5 cm, resection of these lesions 
may be warranted. Decisions related 
to the treatment of smaller HCAs are 
still complex and other characteristics, 
such as male gender, β-catenin positiv-
ity, and the wish to become pregnant, 
can also play an important role. Larger 
studies will need to be performed to 
evaluate whether there is a correlation 
between the subtype and bleeding and 
rupture. Pregnant patients with HCA 
deserve special attention, as maternal 
and fetal mortality rates are not neg-
ligible (34–36). We advocate that pa-
tients with a HCA larger than 5 cm be 
treated before becoming pregnant. In 
cases where a HCA larger than 5 cm is 
found during pregnancy, the data are 
currently too sparse to draw firm con-
clusions, and we believe that the man-
agement in these patients should be 
individualized (36, 37). 

Hepatocellular adenoma in males 
HCA mainly occurs in women in 

their second and third decades of life 
(5), and the incidence in men is very 
low. Most described cases of HCA in 
men occurred after the chronic intake 
of exogenous hormones (38) or in men 
with glycogen storage disease (39). Be-
cause of its low incidence, its diagnosis 
should be questioned, and we advise 
that a biopsy be performed more often 
when these tumors are found in men 
to exclude the presence of a premalig-
nant or malignant liver tumor. 

Conclusion
In summary, advances in recent years 

have greatly improved our understand-
ing of HCA, leading to subtype recog-
nition and better differentiation from 
FNH. Reports and conclusions drawn 
from MRI data in older studies, particu-
larly prior to the introduction of gluta-
mine synthetase staining, should there-
fore be evaluated with caution. 

HCA diagnosis has been improved 
by additional experiences with atypi-
cal findings and potential pitfalls that 
may be encountered with MRI. The 
introduction of hepatobiliary contrast 
agents has helped even more, partic-
ularly in differentiating between HCA 
and FNA, and these agents have now 
become valuable tools in daily clini-
cal practice. However, the radiologist 
must always be aware of possible er-
rors in diagnosis due to differences 
between hepatobiliary and nonspecif-
ic gadolinium-based contrast agents. 
With respect to the treatment of HCA, 
a number of recommendations can be 
made; however, other questions re-
quire further studies. 
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