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Abstract

Purpose To determine if rare primary malignancies of the
liver may have consistent features on magnetic resonance im-
aging (MRI).

Materials and methods This IRB-compliant retrospective
study reviewed the records from the pathology departments
of four university centres over an 11-year period from 2005-
2016 to identify rare primary malignant tumours, which were
cross-referenced with MRI records. MRI studies of these pa-
tients were reviewed to determine if these tumours exhibited
consistent and distinctive features.

Results Sixty patients were identified with rare primary liver
tumours. The following distinctive features and frequency of
occurrence were observed: mixed hepatocellular carcinoma-
cholangiocarcinoma showed regions of wash-out in 7/19 of
patients; 6/6 of fibrolamellar carcinomas demonstrated large
heterogeneous lesions with large heterogeneous central scars;
epithelioid haemangioendothelioma larger than 2 cm showed
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target-like enhancement in late-phase enhancement in 9/13;

sarcomas excluding angiosarcoma had central necrosis in 3/

9 and haemorrhage in 5/9; angiosarcomas showed centripedal

progressive nodular enhancement in 3/6 and showed regions

of haemorrhage in 3/6; and 7/7 of primary hepatic lymphomas

showed encasement of vessels.

Conclusion Although helpful features for the differentiation of

rare primary malignancies of the liver are identified, no MRI

features appear to be specific and therefore histopathological

confirmation is usually required for definitive diagnosis.

Key points

* No MRI features appear to be specific for rare primary liver
malignancies.

* Haemorrhage is a helpful sign in diagnosis of primary he-
patic sarcomas.

* Angiosarcomas may show progressive nodular enhancement
towards the centre mimicking haemangioma.

* Vessel encasement is a helpful sign in diagnosis of primary
hepatic lymphoma.

Keywords Magnetic resonance imaging - Epitheloid
haemangioendothelioma - Fibrolamellar hepatocellular
carcinoma - Sarcoma - Lymphoma

Abbreviations

AS Angiosarcoma

CCA Cholangiocarcinoma

EHE Epithelioid haemangioendothelioma
FL Fibrolamellar hepatocellular carcinoma
HCC Hepatocellular carcinoma

PHL  Primary hepatic lymphoma
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Introduction

Among primary malignant tumours, hepatocellular carcinomas
(HCC:s) are responsible for 80-85 % of primary malignant tu-
mours [1, 2], followed by intrahepatic cholangiocarcinomas
(CCAs), which account for 9.7 % [1, 2]. Mixed HCC-CCA,
mesenchymal tumours, such as angiosarcoma (AS) and epithe-
lioid haemangioendothelioma (EHE), primary hepatic lympho-
ma (PHL), fibrolamellar hepatocellular carcinoma (FL) and
other sarcomas are rare, accounting for the remaining 1.1 %
of primary hepatic neoplasms [1, 2].

Magnetic resonance imaging (MRI) is a highly accurate
method for evaluating focal liver lesions, and specific features
of common lesions are usually diagnostic for these entities
including but not limited to HCC, haemangiomas and focal
nodular hyperplasia (FNH) [1]. However, biopsy is still used
for common types of focal liver lesions with atypical imaging
features and for rare types of focal liver lesions.

Although there are multiple studies about MRI features of
rare primary liver tumours in the literature [3—8], the number
of studies comparing MRI features of these tumours in a sin-
gle cohort is limited [9, 10]. Additionally, heterogeneity of
study populations in these single-cohort studies was another
limiting factor, which necessitates further studies to be per-
formed in order to obtain reproducible results.

Therefore, the purpose of our study was to pool the expe-
rience of multiple university centres in order to determine if
these rare malignancies show features that may be consistent
or even diagnostic for these entities.

Materials and methods
Study population

This multicentre, retrospective study was performed after each
institutional review board approval, with waiver of the in-
formed consent requirement. The study was performed in
compliance with the Health Insurance Portability and
Accountability Act.

Four university centres reviewed the Pathology records over
an 11-year period from 1 January 2005 to 1 January 2016 to
identify rare primary malignancies of the liver in patients over
15 years of age. This data was cross-referenced with records of
the MRI centres to identify lesions that also had been imaged by
MRI prior to any intervention. For study inclusion, all lesions
were evaluated by MRI at initial presentation without prior
treatment. HCCs, CCAs and hepatoblastomas were excluded.
However, no hepatoblastomas were identified in our pooled
populations over 15 years of age.

Our study population included 60 consecutive patients (31
females, 29 males; mean age, 51.1 £+ 18.1 years). The follow-
ing malignancies were identified in decreasing order of
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frequency: mixed HCC-CCA (19 patients, 31.6 %), EHE
(13 patients, 21.6 %), liver sarcoma excluding AS (nine pa-
tients, 15 %), PHL (seven patients, 11.6 %), FL (nine patients,
10 %) and AS (six patients, 10%).

MRI technique

All MRI studies were performed on high-field MRI systems
including 1.5 Tesla (T) and 3.0T at one of four university medical
centres (University Medical Centres A-D). The details and spe-
cific parameters of the representative MRI protocols are given in
Table 1. Serial dynamic contrast-enhanced imaging was per-
formed on the late arterial (at 3540 s after the contrast injection
with empirical timing or scanning time based on fluoroscopy
preparation timing sequence), portal venous (between 45-90 s
after the contrast injection) and equilibrium phases (between 2—
5 min after the contrast injection) with gadolinium-based contrast
agents, including gadobenate dimeglumine (MultiHance®;
Bracco Diagnostics Inc., Princeton, NJ, USA ) (0.05-0.1
mmol/kg), gadodiamide (Omniscan®; GE Healthcare,
Oakville, Ontario, Canada) (0.1 mmol/kg), gadopentate
dimeglumine (Magnevist®; Bayer Healthcare Pharmaceuticals
Inc., Wayne, NJ, USA) (0.1 mmol/kg), gadobutrol (Gadavist®;
Bayer Healthcare Pharmaceuticals Inc., Wayne, NJ, USA) (0.1
mmol/kg) and gadoterate meglumine (Dotarem®, Guerbet LLC;
Bloomington, IN, USA) (0.1 mmol/kg). All contrast agents were
injected with specific doses stated above followed by a 20-ml
saline flush (2 ml/s) with a power injector. MRI examinations of
all patients included in the study had acceptable image quality.

Image analysis

Individual spreadsheets were sent to each institution for qual-
itative MRI evaluation of each patient and included
predetermined standard findings as follows: age; gender; pres-
ence of chronic liver disease; size; signal intensity on non-fat-
suppressed T1-weighted images and signal intensity on fat-
suppressed T2-weighted images; enhancement characteristics,
vascularity; presence of scar, capsular retraction, necrosis or
haemorrhage; and mass effect (i.e. displacing or encasing liver
vessels). Enhancement characteristics on the late hepatic arte-
rial phase include: (i) diffuse or focal homogeneous versus
heterogeneous increased enhancement; (ii) rim type of in-
creased enhancement; and (iii) relatively decreased enhance-
ment compared to the background liver. Enhancement char-
acteristics on the portal venous phase and/or equilibrium
phase include: (i) washout; (ii) fading; (iii) diffuse/focal ho-
mogeneous versus heterogeneous increased enhancement;
(iv) progressive increased enhancement towards the centre
with or without peripheral washout (target-like enhancement);
and (v) relatively decreased enhancement compared to the
background liver.
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Table 2 Characteristics of patient groups according to different tumour types

Number of patients (%) Age range /

Number of patients with Solitary versus Tumour size range /

(male/female) mean (years) chronic liver disease multiple tumours mean (cm)
Mixed hepatocellular 19/60 (31.6 %) (11/8) 20-87/ 14 18/1 1.3-10.9/
carcinoma-- 63 4.94
cholangiocarcinoma
Fibrolamellar hepatocellular 6/60 (10 %) 16-30/20.3 0 6/0 4.0-14.5/
carcinoma (2/4) 10
Epitheloid 13/60 (21.6 %) (3/10) 29-64/43.3 1 2/11 1.1-4.2/
haemangioendothelioma 2.7
Sarcomas excluding 9/ 60(15 %) 17-73/ 0 9/0 1.8-12.8 /11.7
angiosarcoma* (5/4) 51.8
Angiosarcoma 6/60 (10 %) 44-73 / 2 2/4 1-14.3/
(5/1) 60 7.8
Primary hepatic lymphoma 7/60(11.6 %) 42-80/ 1 4/3 2-15/
3/4) 56.8 6.9

*Undifferentiated embryonal sarcoma was detected in one male (23 years old) and one female (17 years old) patient. Leiomyosarcoma was detected in a
53-year-old female. Histiocytic sarcoma was detected in a 73-year-old female. Uncharacterised sarcoma was detected in five patients (four males and one

female) with an age range of 55-69 years

Based on these predetermined findings, image interpreta-
tion was performed retrospectively and blindly in consensus
by two experienced board-certified reviewers at each centre
for the liver lesions.

In patients who had multiple lesions showing similar mor-
phological features, the evaluation was performed for the larg-
est lesion. If there were more than one type of lesion that were
separate from each other and with different morphological
features in the liver, the largest of each type of lesion was
evaluated.

Statistical analysis

A Chi-square test was applied in order to test the statistical
significance of each image characteristic between different

Table 3  Pre-contrast signal characteristics of different tumour types

tumour types. Values of p < 0.05 were considered statistically
significant. All statistical analyses were performed using IBM
SPSS Statistics for Mac OS X (Version 22; IBM Corp.,
Armonk, NY, USA).

Results

Six different types of tumours were identified in our study
population. Characteristics of patient subgroups according to
different tumour types is summarised in Table 2. MRI features
of these different tumours including pre-contrast signal char-
acteristics and post-gadolinium enhancement characteristics
with additional morphological features are summarised in
Tables 3 and 4, respectively.

T1 signal T1 hypointensity T2 signal T2 signal hyperintensity ~ Pre-contrast
hyperintense /  mild / Hyperintense /  mild / homogeneity /
hypointense /  moderate to marked  hypointense /  moderate to heterogeneity
isointense / isointense / marked
mixed mixed

Mixed hepatocellular carcinoma - 0/16/3/0 4/12 18/1/0/0 9/9 4/15

cholangiocarcinoma (n=19)

Fibrolamellar hepatocellular carcinoma (n=6) 0/6/0/0 2/4 6/0/0/0 3/3 0/6

Epitheloid haemangioendothelioma (n=13) 0/13/0/0 5/8 13/0/0/0 2/11 1/12

Sarcoma excluding angiosarcoma 0/8/0/1 1/8 9/0/0/0 1/8 1/8

(n=9)

Angiosarcoma 1/2/0/3 2/3 6/0/0/0 2/4 0/6

(n=6)

Primary hepatic lymphoma 0/6/1/0 2/4 7/0/0/0 3/4 5/2

(=7)
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Table 4  Post-gadolinium enhancement characteristics of different tumour types with additional morphological features including scar, necrosis and

haemorrhage

Late arterial enhancement

Portal and equilibrium phase

Homogeneous vs.  Scar Necrosis Haemorrhage

enhancement heterogeneous
enhancement
Mixed hepatocellular Avid diffuse heterogeneous (7/19) Partial or complete Washout 0/19 0/19 3/19 0/19
carcinoma - cholan-  Mild diffuse heterogeneous orrim  (7/19)
giocarcinoma type (11/19) Progressive or persistent
Slight enhancement with enhancement (11/19)
relatively lower enhancement ~ Fading (1/19)
compared to the background
(1/19)
Fibrolamellar Diffuse heterogeneous Persistent and progressive 0/6 6/6  0/6 0/6
hepatocellular enhancement (6/6) enhancement (5/6)
carcinoma Partial and complete Washout
(1/6)
Epitheloid Rim type of enhancement (12/13) Progressive enhancement towards 1/12 0/13 0/6 0/6
haemangioendotheli- Mild central enhancement (1/13) the centre (9/13)
oma Persistent peripheral enhancement
(2/13)
Fading (1/13)
Slight enhancement with
relatively lower enhancement
compared to the background
(1/13)
Sarcomas excluding Mild peripheral enhancement Progressive heterogeneous and 1/8 09 3/9 5/9
angiosarcoma 2/9) septal-like enhancement to-
Diffuse heterogeneous wards the centre (2/9)
enhancement (3/9) Progressive diffuse heterogeneous
Heterogeneous peripheral enhancement (6/9)
enhancement (4/9) Persistent peripheral enhancement
(1/9)
Angiosarcoma Heterogeneous peripheral Progressive nodular enhancement 0/6 0/6 1/6 3/6
enhancement (5/6) toward the centre (3/6)
Diffuse heterogeneous Heterogeneous persistent
enhancement (1/6) enhancement (3/6)
Primary hepatic Mild diffuse contrast enhancement Progressive diffuse enhancement  3/4 0/6 0/7 0/7
lymphoma (6/7) (6/7)

No enhancement (1/6)

Fading (1/7)

Mixed hepatocellular carcinoma-cholangiocarcinoma
(Fig. 1)

Nineteen patients (19/60) were identified with mixed
HCC-CCA. Mixed HCC-CCA is more commonly seen
in patients with cirrhosis with a statistically significant
difference (Chi square = 22.3143, p < 0.0001). Mixed
HCC-CCA were described as the tumours with: (i) the
presence of two components without a transition area,
(i1) the presence of two components with areas of transi-
tion, and (iii) features of both fibrolamellar variant of
HCC and cholangiocellular differentiation throughout
without separate areas of one or the other according to
Goodman [11] and WHO [12] classifications. Of these
19 patients, 18 patients had solitary tumours with both
HCC and CCA components and one patient had separate
adjacent contiguous foci of HCC and CCA, which was

seen as a single tumour. The majority of patients showed
diffuse heterogencous enhancement on the late arterial
phase, with avid enhancement in 37 % (7/19), and mild
and peripheral enhancement in 58 % (11/19). Washout on
the later phases was detected in 37 % (7/19) of the pa-
tients, and the presence of washout was significantly more
common in mixed HCC-CCA compared to other primary
liver lesions (Chi square = 8.048, p = 0.0046). Capsule
was detected in 31.6 % (6/19) of the patients on the later
phases.

Fibrolamellar hepatocellular carcinoma (Fig. 2)
Six patients (6/60) were identified with FL. All tumours
showed a large central scar. Compared to other rare prima-

ry liver tumours, the central scar was signifcantly more
common in FL (Chi square = 35.4006, p <0.0001).

@ Springer
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Fig. 1 Mixed HCC cholangiocarcinoma in a 61-year-old male.
Transverse T1-weighted out-of-phase two-dimensional gradient echo
(a), T2-weighted fat-suppressed single-shot echo train spin echo (b),
post-gadolinium fat-suppressed T1-weighted three-dimensional gradient
echo late hepatic arterial phase (¢) and equilibrium phase (d) images. Pre-

Central scar was large and heterogeneous on most se-
quences, with regions of low signal on T2 in all cases.
While central scar showed no enhancement on the late
arterial phase in all lesions, its enhancement was noted in
2/6 patients on the later phases.

Fig. 2 Fibrolamellar
hepatocellular carcinoma in a 16-
year-old male. Transverse T1-
weighted fat-suppressed three-
dimensional (3D) gradient echo
(GRE) (a), T2-weighted fat-
suppressed single-shot echo train
spin echo (b), post-gadolinium
fat-suppressed T1-weighted late
hepatic arterial phase (¢) and
equilibrium phase 3D GRE (d)
images. A large heterogeneous
tumour with a T2 hypointense
large central radiating scar is seen
on pre-contrast images (a, b). On
the late arterial phase image (c),
the tumour exhibits diffuse
moderate heterogeneous
enhancement with negligible
enhancement of large radiating
scar. On delayed phase image (d),
the tumour remains moderately
hyperintense to background liver,
and portions of central scar
enhance

@ Springer

contrast images (a, b) demonstrate a centrally necrotic heterogeneous ill-
defined mass predominantly in the left lobe of a cirrhotic liver. Post-
gadolinium late arterial phase image (¢) shows diffuse moderately
intense heterogeneous enhancement. Post-gadolinium equilibrium phase
image (d) shows areas of washout and areas of progressive enhancement

Epithelioid haemangioendothelioma
Thirteen patients (13/60) were identified with EHE. Twelve pa-

tients (92 %) did not have underlying chronic liver disease. The
lesions were larger than 2 cm in 11/13 patients and the majority
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Fig. 3 Undifferentiated embryonal sarcoma in a 17-year-old female.
Transverse T1-weighted fat-suppressed three-dimensional (3D) gradient
echo (GRE) (a), T2-weighted fat-suppressed single-shot echo train spin
echo (b), post-gadolinium fat-suppressed T1-weighted late hepatic
arterial phase (c) and equilibrium phase (d) 3D GRE images. A large

of them demonstrated moderately low T1 and moderately high
T2 signal on pre-contrast images. Target-like enhancement,
which is characterised by delayed progressive enhancement to-
wards the centre, was detected in 69 % (9/13) of the patients and
all of these were larger than 2 cm. The lesions predominantly
were located in subcapsular locations and were associated with
capsular retraction in 61.5 % (8/13) of the patients.

Fig. 4 Leiomyosarcoma of the
liver in a 53-year-old female.
Transverse T1-weighted fat-
suppressed three dimensional
(3D) gradient echo (GRE) (a),
T2-weighted fat-suppressed
single-shot echo train spin echo
(b), post-gadolinium fat-
suppressed T1-weighted late
hepatic arterial phase (¢) and
portal venous phase 3D GRE (d)
images. A large heterogeneous
mass with central necrosis is seen
on pre-contrast images (a, b).
Diffuse heterogeneous
enhancement is noted on the late
arterial phase (¢) with progression
of the enhancement towards the
centre on the later phases (d). No
enhancement is noted at the
necrotic centre

heterogeneous mass lesion with high fluid content shows areas central
high T1 signal, which is suggestive of haemorrhage (a, b). The tumour
shows mild peripheral enhancement on the late arterial phase (¢) and
centrally progressive heterogeneous enhancement with septal
enhancement on the later phases

Sarcomas excluding angiosarcoma

Nine patients (9/60) with sarcoma were identified; they were
subcategorised as: undifferentiated embryonal sarcoma (n=2)
(Fig. 3), leiomyosarcoma (n=1) (Fig. 4), malignant
histiocytosarcoma (n=1) and uncharacterised hepatic sarco-
mas (n=5).
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Fig. 5 Angiosarcoma in a 71-
year-old female. Transverse T1-
weighted fat-suppressed three-
dimensional (3D) gradient echo
(GRE) (a), T2-weighted fat-
suppressed single-shot echo train
spin echo (b), post-gadolinium
fat-suppressed T1-weighted late
hepatic arterial phase (¢) and
equilibrium phase 3D GRE (d)
images. Pre-contrast images (a, b)
show heterogeneous round large
mass with mixed signal, which is
suggestive of haemorrhage. Late
arterial phase image (c¢) shows
minimal peripheral enhancement
and portal venous phase image
(d) shows centripedal progressive
nodular enhancement. The
centripedal progressive
enhancement mimics the
appearance of a haemangioma

Undifferentiated embryonal sarcomas (n=2) had high fluid
content and cystic spaces and therefore showed mild periph-
eral enhancement on the late arterial phase and progressive
heteorogeneous and septal-like enhancement on the later
phases. Internal haemorrhage was detected in undifferentiated
embryonal sarcomas (n=2) and uncharacterised hepatic sarco-
mas (n=3). Internal haemorrhage (5/9) was significantly more
common in sarcomas excluding angiosarcomas compared to
other lesions including angiosarcomas (Chi square = 5.301, p
= 0.0213). Central necrosis was detected in leiomyosarcoma
(n=1) and uncharacterised hepatic sarcomas (n=2).

Angiosarcoma (Fig. 5)

Six patients (6/60) with AS were identified. Progressive nod-
ular enhancement towards the centre mimicking
haemangiomas were noted in 3/6 patients. Intratumoral haem-
orrhage was seen in three patients (50 %, 3/6) and the haem-
orrhage was significantly more common in angiosarcomas
compared to other lesions including other sarcomas (Chi
square = 4.6314, p = 0.0314).

The presence of haemorrhage was significantly more com-
mon in all types of sarcomas compared to other lesions (Chi
square = 15.5769, p <0.0001).

Primary hepatic lymphoma (Fig. 6)

Seven patients (7/60) were identified with PHL. Post-
gadolinium minimal enhancement or no enhancement on the
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late arterial phase and mild late enhancement on the later
phases were detected without evidence of necrosis in all our
cases. Tumour masses encased the vessels rather than
displacing them, which was observed in all cases of primary
hepatic lymphoma in our study. This feature was significant
for primary hepatic lymphoma (Chi square = 50.6888, p <
0.0001) and was not seen in other liver lesions.

Discussion

Overall, underlying chronic liver disease was either rare or
absent in all tumour types except mixed HCC-CCA in our
patient group, and this is in agreement with the literature since
chronic liver disease is a risk factor for HCC-CCA [13].

Mixed hepatocelluar carcinoma—cholangiocarcinoma

Previously described dynamic MR features [13—15] concurred
with our findings. Prior reports by Fowler et al. [13] and
Maximina et al. [14] described similar features of signal in-
tensity as we describe herein. Both of these studies described
ring enhancement as a common feature. De Campos et al. [15]
also showed ring enhancement in a significant number of pa-
tients (> 50 %) on late arterial phase. In addition to ring en-
hancement, the presence of heterogeneous enhancement on
late arterial phase was also described in prior studies [15].
Maximinia et al. [14] and De Campos et al. [ 15] also described
partial washout in these types of tumours on the later phases,
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Fig. 6 Primary hepatic lymphoma in a 60-year-old male. Transverse T1-
weighted fat-suppressed three-dimensional (3D) gradient echo (GRE) (a),
T2-weighted single-shot echo train spin echo (b), post-gadolinium fat-
suppressed T1-weighted late hepatic arterial phase (¢) and equilibrium

whereas Fowler et al. [13] did not specifically mention partial
washout. Additionally, the presence of progressive delayed
enhancement was also a common feature [13—-16].

In a significant number of patients these tumours can
mimic both HCC and CCA. Recently, it has been reported
that imaging features including peripheral rim enhance-
ment, portal venous and delayed phase progressive central
enhancement, peripheral washout, capsular retraction, dif-
fusion restriction and biliary dilatation are helpful for the
diagnosis of mixed HCC-CCA [3, 16]. The use of
gadoxetic acid-enhanced MRI may be helpful for the dif-
ferentiation of the CCA component from the HCC com-
ponent in these mixed tumours. although its role in the
diagnosis of mixed HCC-CCA has not been determined
yet [17].

Fibrolamellar hepatocellular carcinoma

Distinction between FL and conventional HCC, and from
certain benign liver masses, especially FNH is critical
since central scar may be seen in these entities. As shown
in our study, central scar was virtually present and the scar
was large and heterogeneous on most sequences, with re-
gions of low signal on T2, which classically distinguishes
them from FNH, which has a small central scar that dem-
onstrates homogeneous signal behaviour, and generally
high signal intensity on T2 [2, 18, 19]. Additionally, cen-
tral scars in conventional HCCs usually demonstrate high
T2 signal [2]. In all cases, the scar did not show enhance-
ment on the late hepatic arterial phase and in 75 % [4/6] of
cases on the later phases in our patient group. This is also a

phase 3D GRE (d) images. The lesion shows homogeneous moderately
low T1 and mildly high T2 signal on pre-contrast images (a, b). The late
arterial (c¢) and portal venous phase images (d) show diffuse mild en-
hancement with no necrosis. The lesion encases the vessels

common finding that concurs with the literature [2, 20].
Diffuse heterogeneous enhancement on the arterial phase
was detected in all patients, distinguishing itself from dif-
fuse homogeneous enhancement with FNH [2].

Epitheloid haemangioendothelioma

Four prior MRI reports have described EHE [21-24]. MRI
features in the four prior studies and our own share common
elements. Non-contrast T1- and T2-weighted images were
nonspecific, although in our study many lesions showed mod-
erate to markedly high signal on T2-weighted images. All of
these investigations reported peripheral ring enhancement on
arterial phase images, and in our study, 92 % (12/13) of pa-
tients exhibited this on the late arterial phase. Prior reports [21,
23, 24] also observed targetoid appearance on the later post-
contrast phases, which also shows different appearances in-
cluding: (i) a peripheral enhanced rim—outer hypointense
band—central-enhancing core or (ii) delayed progressive en-
hancement towards the centre. This targetoid appearance
was present in 69 % (9/13) of our patients and this appearance
was not observed in lesions smaller than 2 cm.

Sarcomas excluding angiosarcoma

Prior reports [5, 25] described these lesions as very high signal
on T2-weighted images. This feature was also observed in our
study and is due to cystic changes of these tumours and/or
with large interstitial fluid content [26]. Peripheral mild or
diffuse enhancement on the late arterial phase followed by
heterogeneous progressive enhancement associated with
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septal-like enhancement on the later phases are commonly
seen [27], as in our cases, although these features can also
be seen in CCAs. The presence of haemorrhage was signifi-
cant compared to non-sarcomatous other rare primary liver
malignancies and this could be a helpful feature for the differ-
entiation, particularly from CCAs. Although haemorrhage is a
common finding in hepatic adenomas and HCCs, the presence
of typical imaging findings for these tumours such as fat con-
tent or washout on post-gadolinium imaging, and clinical find-
ings such as history of oral contraceptive use, chronic liver
disease or high alphafetoprotein level can help to exclude rare
primary liver tumours.

Angiosarcoma

Progressive nodular enhancement was seen in 50 % (3/6) of
patients in our study, which resembled the appearance of
haemangiomas concurring in the literature [28-30].
Haemorrhage, which is exceedingly rare in haemangiomas,
was detected in 50 % (3/6) of the patients, concurring with
prior studies [29, 30]. The presence of haemorrhage was a
helpful feature for the diagnosis of AS and was also a com-
monly detected feature in 53 % (8/15) of other types of sarco-
mas. Furthermore, the enhancement of haemangioma tends to
follow the opacification of large vessels, which is not usually
seen in AS [28]. Another key difference is the presence of
lobulated margins in virtually all haemangiomas greater than
18 mm [31], which is not usually not seen in AS.

Primary hepatic lymphoma

Variable low T1 and high T2 signal intensities were detected
in all cases, similar to previous descriptions [32—-35], although
mild pre-contrast T1 and T2 signals were also reported as a
feature of PHL [33] and this was also noted in some of our
patients. Minimal or no enhancement on dynamic post-
gadolinium imaging and absence of necrosis in all our cases
concur with published literature [35]. A distinctive finding
was that tumour masses encased the vessels, rather than devi-
ating them, and this was observed in all our cases.

Despite the presence of helpful diagnostic MRI features, no
signs appear to be specific for the diagnosis and differentiation
of the rare hepatic primary liver malignancies. However, the
lack of typical imaging features of primary neoplasms of the
liver should be a clue for the presence of rare primary liver
malignancies. Additionally, the lack of strict imaging criteria
used for the diagnosis of HCC, such as in the Liver Imaging
Reporting and Data System (LI-RADS) reporting system, could
be a sign for non-HCC malignancy, as reported recently [16].

A limitation of this study is the relatively few number of
cases of each individual malignancy, and we attempted to over-
come this limitation by including multiple institutions. Another
limitation is that imaging studies were retrospectively reviewed
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by investigators at each centre, but not by a central reading site,
which might lead to heterogeneity in interpretation of the stud-
ies. We attempted to mitigate this error by selecting MRI facil-
ities in which the principal contributor had considerable expe-
rience with body MRI (> 10 years’ experience at each centre).
Another limitation is the use of different equipment, sequences
and imaging protocols between institutions; nevertheless these
studies were performed with diagnostically accepted standards,
which showed minimal variation over time in the last 10 years.
The lack of a control group and comparison of the features of
these rare primary tumours to the common primary tumours is
another limitation; however, we believe this should be the sub-
ject of another study.

In conclusion, distinctive MRI features include large het-
erogeneous central scar in FL, central necrosis and haemor-
rhage in sarcomas, haemangioma-like enhancement with con-
current haemorrhage in angiosarcomas and encasement of
vessels in PHL. The lack of wash-out for all tumour types
except mixed HCC-CCA is another important feature of most
rare primary hepatic malignancies, while combined features of
HCC and CCA are distinctive for mixed HCC-CCA.
However, despite the presence of these helpful differential
features, histopathological confirmation is usually required
for definitive diagnosis.
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