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AIM: To evaluate the diagnostic performance of chemical shift magnetic resonance imaging
(MRI) in distinguishing hepatocellular carcinomas (HCCs) from non-hepatocellular malignant
tumours (non-HCCs) of the liver.

MATERIALS AND METHODS: Patients with a diagnosis of malignant liver tumours examined
at 3 T MRI were included in this retrospective study. Forty-seven HCCs and 75 non-HCCs that
were studied with chemical-shift MRI between January 2012 and October 2016 were retrieved
from the radiology database. Two blinded observers measured the signal intensities of the
tumours, adjacent normal-looking liver parenchyma, and spleen on chemical-shift MRI. The fat
quantification for HCCs, non-HCCs, and adjacent normal-looking liver parenchyma were
calculated by using the spleen as a reference standard. The subtraction scores were calculated
by subtracting fat percentages in liver parenchyma from those in tumours. The sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) of the fat
percentage subtraction scores in distinguishing HCCs from non-HCCs were calculated.

RESULTS: According to the optimal cut-off value acquired from both readers, a subtraction
score >—0.26 was considered to be a HCC. Fat signal percentage subtraction scores were
>—0.26 in 45 of 47 HCCs and were <—0.26 in 69 of 75 non-HCCs. The sensitivity, specificity,
PPV, and NPV of fat signal percentage subtraction score to differentiate HCCs from non-HCCs
were found to be 95.7%, 89.3%, 84.9%, and 97.1%, respectively.

CONCLUSION: Intracytoplasmic lipid in HCCs demonstrated by quantitative chemical-shift
MRI may be a potentially powerful imaging biomarker to distinguish HCCs from the other
malignant liver tumours.
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The liver hosts many types of benign or malignant tu-
mours. Hepatocellular carcinoma (HCC) is the most com-
mon primary liver malignancy and the third most common
cause of cancer-related deaths worldwide.' The liver is one
of the most common sites of haematogenous metastasis;
25% of all solid-organ metastases could be seen in the liver.”
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It is also a well-known entity that dysplastic nodules in
patients with cirrhosis may demonstrate malignant trans-
formation to HCC.>* It is important to differentiate HCCs
from the non-hepatocellular malignant tumours (non-
HCCs) of the liver as treatment options for HCCs are
different from non-HCCs.

Magnetic resonance imaging (MRI) is a comprehensive
radiological technique providing detailed information on
liver tumours; however, differentiation of HCCs from other
malignant liver tumours, including metastases, may not
always be possible with conventional MRI techniques;
sometimes, more advanced techniques or even histopath-
ological evaluation may be necessary.” This is especially
problematic in patients with liver metastasis of unknown
primary tumours.

HCCs may contain intratumoural fat.° Furthermore, in
cirrhotic livers, the presence of fat within a lesion may be
accepted as a significant marker of malignant trans-
formation to HCC.” Recently, intratumoural fat deposition
more than the adjacent liver was implemented into the
Liver Imaging-Reporting and Data System (LI-RADS) as an
ancillary feature that favours HCC in particular.® Chemical-
shift MRI, as one of the specialised imaging techniques, is a
sensitive method to detect relatively small amounts of
intracellular fat. The ability of this technique to detect
intralesional fat increases directly with increasing magnetic
field strength of an MRI system.'°

Previous studies using the chemical-shift MRI to assess
fatty changes in HCCs were mostly performed with quali-
tative analysis.'! There is only one study in the literature
using quantitative analysis to estimate the percentage of
intracellular fat in HCCs using chemical shift imaging, in
which a 1 T MRI system was used.!? Despite the promising
role of the chemical-shift MRI in the differentiation of HCCs
from non-HCCs, the diagnostic value of intratumoural fatty
change has not been determined. Therefore, the aim of the
present study was to investigate the value of chemical-shift
imaging using quantitative analysis and a 3 T MRI system in
the differentiation of HCCs from non-HCCs.

Material and methods
Patients

The institutional review board approved this retrospec-
tively designed study and waived the requirement for
obtaining informed consent. The patients with either pri-
mary or metastatic malignant liver tumours examined with
a 3 T MRI were included in the study. A total of 128 patients
with malignant liver lesions were retrieved from the radi-
ology database from January 2012 to October 2016. Patients
having indistinct tumour margins due to motion artefacts
(n=4), cystic lesions without an obvious solid component
(n=1), and masses <1 cm (n=1) to avoid partial volume
effect were excluded. The forty-seven HCCs and 75 non-
HCCs in a total of 122 patients (50 women and 72 men;
mean age, 60.4 years; age range 30—87 years) were
included in the study (Table 1). For patients with multiple

liver masses (n=65), only the largest tumour was evaluated
to obviate sampling bias.

The diagnosis of HCC was based on the histopathological
examination in 24 patients and the appropriate imaging
characteristics according to the criteria in the guidelines of
the American Association for the Study of Liver Diseases
(AASLD)" in 23 patients. The final diagnosis of non-HCC
was obtained by histopathological examination of the pri-
mary tumours in 39 patients and the liver metastasis in 36
patients (Table 2).

MRI technique

Images were acquired using a 3 T MRI system (Achieva,
Philips, Amsterdam, The Netherlands) by using a phased-
array body coil. The sequence parameters for conventional
images were as follows: T1-weighted breath-hold spoiled
gradient-echo sequence (repetition time [TR]=1,625—1,787
ms, echo time [TE]=70 ms, four separate breath-holds, 17
seconds each, and matrix=320x255, flip angle=90°, num-
ber of slices=38—44, section thickness=7 mm, gap=5 mm,
field of view [FOV]=36—40 cm), T2-weighted breath-hold
sequence (TR=1,625—1,787 ms, TE=70 ms, four separate
breath-holds, 17 seconds each, and matrix=320x255, flip
angle=90°, number of slices=38—44, section thickness=7
mm, gap=5 mm, FOV=36—40 cm). After intravenous bolus
injection of gadoterate meglumine (Gd-DOTA, DOTAREM,
Guerbet, Roissy CdG Cedex, France) at a dose of 0.1 ml/kg,
six phase arterial images were obtained using a time-
determined, real-time MRI fluoroscopic technique (TR=2.8
ms, TE=1.4 ms, flip angle=10°, matrix size=192x192, 100
slices per phase, slice thickness=4 mm, gap=2 mm,
FOV=40 cm).

Double-echo chemical shift phase-selective gradient-
echo technique was performed using a three-dimensional
(3D) fast field echo (FFE) gradient-echo breath-hold
technique (TR=3.3 ms, TE=1.15-2.3 ms; flip angle=100°;
matrix  size=192x256; FOV=37x35 cm;  voxel
size=1.5x1.7x1.5 mm).

Quantitative analysis

Chemical-shift MRI images of the patients were analysed
on a workstation (Easy Vision, Philips Medical Systems, Best,
The Netherlands) by two radiologists who were blinded to the
final diagnosis of the tumours and to each other’s results.
Quantitative assessment was performed by obtaining region-
of-interest (ROI) measurements of the signal intensities (SIs)
of hepatic tumours, adjacent normal-looking liver

Table 1
Demographic characteristics of the patients.

HCC group Non-HCC group
Number 47 75
Gender
Male 37 38
Female 10 37
Age, mean (SD), years 61.7 (11.2) 59.5(11.8)

SD, standard deviation; HCC, hepatocellular carcinoma.
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Table 2
The final diagnosis of tumours was confirmed by histopathological exami-
nation in 99 patients.

Histopathological diagnosis Biopsy site
Primary Metastatic
tumour tumour

Hepatocellular carcinoma 24 0

Breast tumour (adenocarcinoma) 7 10

Colorectal tumour (adenocarcinoma) 11 7

Cholangiocellular carcinoma 0 4

Stomach tumour (adenocarcinoma) 2 3

Pancreas tumour (adenocarcinoma) 6 3

Lung tumour (squamous cell 2 2

carcinoma)

Neuroendocrine tumour 3 2

Leiomyosarcoma 0 2

Phaeochromocytoma 0 2

Lung tumour (small cell carcinoma) 1 1

Lymphoma 2 0

Bladder tumour (transitional cell 2 0

carcinoma)

Malignant melanoma 1 0

Oesophagus tumour (adenocarcinoma) 1 0

Total 63 36

parenchyma, and spleen. Three measurements were per-
formed on each phase of imaging. Special attention was given
to using uniform ROIs of at least 1 cm in diameter, and
excluding cystic, haemorrhagic, or necrotic regions. When
calcification was identified in either region on CT scan if
available, the calcified portions were also avoided to be
included within the ROISs. SIs of the hepatic masses, liver pa-
renchyma, and spleen were measured on the same section if
possible. Spleen, which is known to be immune to fatty
degeneration, was used as the internal reference standard.

The fat signal percentages were calculated using the
following formulas for tumours and adjacent normal look-
ing liver parenchyma, respectively: '

Tumour fat percentage=[(tumour SI jn-phase/Spleen
Slin-phase)—(tumour SI gpposed-phase/SPl€eN SI opposed-phase)] <
100/[(tumour SI jn-phase/spleen Sl in-phase) x 2].

Liver parenchyma fat percentage=[(liver parenchyma SI
irl-phase/Spleer1 SI in-phase)_(liver parenchyma SI Opposed-phase/
spleen SI gpposed-phase)] x 100/[(liver parenchyma SI in-phase/
spleen SI in-phase) % 2].

The subtraction scores were calculated as follows:

The fat percentage subtraction score=(Tumour fat percenta-
ge)—(Liver parenchyma fat percentage)

Statistical analysis

All statistical comparisons between the HCC and non-
HCC groups were performed by using software of Statisti-
cal Package for the Social Sciences (SPSS, version 23.0; SPSS,
Chicago, IL, USA). Receiver operating characteristic (ROC)
analysis was performed using MedCalc software (MedCalc
for Windows; Ostend, Belgium). Descriptive statistics were
given as mean =+ standard deviation or median (mini-
mum—maximum) for continuous variables and count and
percentage for categorical variables. Distribution of gender

was compared between the HCC and non-HCC groups by
using the Pearson chi-square test, and the Student t-test
was used to compare the patients’ ages. The mean fat per-
centage values were compared with the Mann—Whitney U-
test. The ROC analysis was utilised to assess the diagnostic
performance of these parameters. The optimal cut-off
values were extracted from ROC analysis, which demon-
strated the best differentiation scores (minimal false-
negative and false-positive results) between the two
groups. The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of the subtrac-
tion score in distinguishing HCC from other malignant liver
tumours were calculated.

The inter-reader agreement was assessed using Cohen’s
k statistics. The null hypothesis of no agreement between
the two readers was tested, and the associated p-values
were calculated. A p-value of <0.05 was considered a sta-
tistically significant difference.

Results

The mean age of patients was 61.77+11.27 years (range,
37—-85 years) in the HCC group and 59.53+11.84 years
(range, 30—87 years) in the non-HCC group. There was no
significant difference between the groups in terms of age
(p=0.304). However, the groups were significantly different
from each other in gender (female patients, 21.3% in HCC
and 49.3% in non-HCC group; p=0.002; Table 1).

The median diameter of the tumours was 3.1 cm (mean,
5.3 cm; range, 1.3—12.5 cm) for the HCCs, 2.3 cm (mean, 4.5
cm; range, 2.8—13.5 cm) for the non-HCCs. There was no
significant tumour size difference between the groups
(p=0.061).

The median fat percentage values of the liver masses
were 5.11 (range, —22.51 to 32.63; mean, 6.28+11.13) in the
HCC group and —3.89 (range, —17.66 to 18.62; mean,
—2.55+6.54) in the non-HCC group (Fig 1). There was a
statistically significant fat percentage difference between
the groups of tumours (p<0.001).

The median fat percentage subtraction score was 6.55
(range, —13.96 to 49.12; mean, 9.17+11.14) in the HCC group
(Fig 2) and -5.09 (range, —46.59 to 20.79; mean,
—7.54411.45) in the non-HCC group (Fig 3); which was
significantly different between the two groups (p<0.001;
Fig 1). The fat percentage subtraction values in HCC group
did not show any correlation with tumour size (r=—0.070;
p=0.627).

The area under the ROC curve for differentiation of HCCs
from non-HCCs was 0.737 (95% confidence interval: 0.668,
0.786) according to the fat percentage values of the liver
masses and 0.936 (95% confidence interval: 0.876, 0.972)
according to the fat percentage subtraction scores. The
subtraction score and the fat percentage score of the liver
masses were statistically different according to the pairwise
comparison of the ROC curves (p=0.002). According to the
acquired optimal cut-off value, a tumour having a fat per-
centage value >1.72 or a subtraction score >—0.26 was
considered to be a HCC (Fig 4).



800 K. Ozturk et al. / Clinical Radiology 74 (2019) 797—804

50 *

o]
o]

3

Fat Percentage Score (au)
T

&

[l Liver masses
Bl subtraction score

*%

I
HCC

T
non-HCC

Figure 1 The box plot shows the mean fat percentage score of the liver tumours and fat percentage subtraction scores. (HCC, hepatocellular
carcinoma; Error bars represent 4+SD). According to the acquired optimal cut-off value, a tumour having a fat percentage score of the mass
greater than 1.72 (blue dashed line) or a subtraction score >—0.26 (red dashed line) was considered to be a HCC.

When the determined cut-off value of the subtraction
score was used, 45 out of 47 HCCs were correctly diagnosed
as HCC (true positive result), and 69 out of 75 non-HCCs
were correctly diagnosed as non-HCC (true negative
result). For the fat percentage subtraction score cut-off
value of —0.26 for the differentiation of HCC from non-
HCCs, the sensitivity, specificity, PPV, and NPV were
95.74%, 89.33%, 84.9%, and 97.1%, respectively.

Two HCCs did not have intratumoural fat, which misled
to the diagnosis of non-HCC (false-negative result), and six
metastases had intratumoural fat leading to a diagnosis of
HCC (false-positive result). Both false-negative HCCs were
found to have T1 hyperintense appearance without signal
loss on fat suppression, which was speculated to relate to
the presence of intratumoural haemorrhage, copper or iron
deposits.'® Two of false-positive non-HCCs were associated

(b)

Figure 2 Dual-echo chemical-shift MRI of the pathologically proven HCC. (a) In-phase MRI image showed a tumour-to-splenic SI ratio and
hepatic parenchyma-to-splenic SI ratio of 1.59. (b) Out-of-phase MRI image showed a tumour-to-splenic SI ratio and hepatic parenchyma-to-
splenic SI ratio of 0.82 and 1.34, respectively. Calculated by using the Dixon method, the percentage of tumour fat was 9.2% and the percent-
age of liver parenchyma fat was —31%. The fat percentage subtraction score of 40.2 was consistent with HCC.
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(a)

(b)

Figure 3 Dual-echo chemical-shift MRI with in-phase (a) and out-of-phase (b) images of the pathologically proven metastatic liver tumour of
colon cancer. Calculated by using the Dixon method, the percentage of tumour fat was —27% and the percentage of liver parenchyma fat was
—26%. The fat percentage subtraction score of —1 was consistent with non-HCC.

with liver iron overload (Fig 5). Diagnosis of parenchymal
iron overload was made by using the SI differences of the in-
phase and out-of-phase images, in which liver SI of the in-
phase images is lower than that of the out-of-phase im-
ages.!” Inter-reader agreement was high with an intraclass
correlation coefficient of 0.858 (95% confidence interval,
0.802—0.898).

The fat percentage subtraction score in the HCC group
(median, 17.05 au; range, 15.8—24.72) was significantly
higher than non-HCCs (median, —17.34 au; range, —46.59 to
4.56) in patients with significant fatty liver degeneration.
When 19 patients with significant fatty liver degeneration
were excluded, the median fat percentage subtraction
scores were found to be 6.21 (range, —13.96 to 49.12; mean,
9.33+11.48) in the HCC group and —2.19 (range, —14.13 to
20.79; mean, —3.10£5.49) in the non-HCC group; which
was also significantly different between the two groups
(p<0.001).

Discussion

HCC is a very common tumour seen worldwide with a
poor prognosis.'® It usually develops during the course of
chronic liver diseases such as viral infections, chronic
alcohol consumption and exposure to many kinds of
toxins.'” Development of HCC is a multistep process
beginning in a hyperplastic nodule evolving to the
dysplastic nodules and finally to the overt HCC.?® Differ-
ently from most other cancers, the diagnosis of HCC can be
established non-invasively using imaging without confir-
matory biopsy.”' Some MRI features, such as pseudocap-
sule, T1 hyperintensity, mosaic appearance, nodule-in-
nodule appearance, arterial hyperenhancement, delayed
washout, vascular invasion, and apparent diffusion coeffi-
cient (ADC) value may have diagnostic value for HCCs.?
Although the individual features are non-specific for HCC,
their combination is highly specific, particularly in patients
with cirrhosis or other risk factors for HCC.

Intratumoural fatty metamorphosis is one of the histo-
pathological characteristics of HCC.”> Several studies
showed that lipogenic enzymes are markedly induced in
HCCs compared with background hepatic tissue and
increased lipogenesis is a general molecular event in hep-
atocarcinogenesis.”*?> Calvisi et al.”® revealed that de-novo
lipogenesis has a prognostic significance for HCC and in-
hibitor molecules of lipogenic signalling, including those
that inhibit de-novo lipogenesis, might be useful in treat-
ment. In human liver samples, de-novo lipogenesis was
shown to be progressively induced from non-tumoural liver

tissue toward the HCC. Importantly, no significant
ROC Curve
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Figure 4 ROC curve for differentiation of the HCCs from non-HCCs
according to the fat percentage subtraction score.
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Figure 5 Imaging features of liver iron deposition on T2-weighted imaging (a), in-phase (b) and out-of-phase (c) chemical-shift MRI in a patient

with liver mass and a history of haemochromatosis.

differences were detected in the extent of de-novo lipo-
genesis with regard to HCC aetiology, suggesting that
exacerbated lipogenesis might be a general molecular
phenomenon in hepatocarcinogenesis.”’ Bjornsen et al.®
demonstrated that fatty acid synthesis within HCCs is
linked to tumour growth and proliferation.
Ultrasonography, computed tomography, and conven-
tional MRI sequences have limited sensitivity in the detec-
tion of fat within HCCs.> 32 Chemical-shift MRI as a non-
invasive method is generally used to assess hepatic stea-
tosis in routine practice.’’ There are few studies in the
literature analysing the intratumoural fat of HCCs with
chemical-shift MRI®'22332. however, most of them used
qualitative methods to determine intratumoural fat con-
tent.>?>>? Asayama et al.”> analysed 136 HCCs using 1.5 or 3
T MRI systems and detected intratumoural fat qualitatively
in 54 out of 136 patients (40%), which was also confirmed
histopathologically. In another study by Min et al.,*’ 365
HCCs were examined using a 3 T MRI system. Sixty-six of
these tumours were classified as a fat-containing HCC ac-
cording to the qualitative method. On histopathology, all
were proven to have fat and their fat component ranged
from 10 to 95%. Additionally, two out of 229 non-fat-
containing HCCs were found to have a minimal fat
component on histopathological examination (<2%). The
ratio of fat-containing HCCs was 18.6% in their study.
There is only one study in the literature which used a
quantitative method to assess the fatty metamorphosis of
HCCs on chemical-shift MRL'? They performed MRI of pa-
tients using a 1 T MRI system and used spleen as a reference
organ. According to the percentage variation in the SI of le-
sions between in-phase and opposed-phase images, intra-
tumoural lipid content was detected in 10 (14.5%) of 69 HCCs,
which also confirmed by fine-needle aspiration cytology with
100% sensitivity, 100% specificity, and 100% overall accuracy.
In the present study, intratumoural fat was detected in
45 (95.7%) of 47 HCCs. For the chosen fat percentage sub-
traction score cut-off value of —0.26, the sensitivity, speci-
ficity, PPV, and NPV of the present method to discriminate
HCCs from non-HCCs were 95.7%, 89.3%, 84.9%, and 97.1%,
respectively. These results are significantly better than
other reported series. The reason for this difference may be
due to using a 3 T MRI system and quantitative analysis.
Proton chemical-shift MRI at higher field strength has the

benefit of increased signal-to-noise ratio and improved
spectral separation. In addition, using a quantitative
method that takes account of the intensity values of the
hepatic parenchyma surrounding the tumour might be
another contributory factor. The light microscopy evalua-
tion in some radiological studies has been accepted as the
reference standard for the detection of intratumoural fat
content.>’** Interestingly, lipid detection in HCCs was re-
ported to be as high as 42% in these studies>*; however, in
the present series, intratumoural fat was detected in most
HCCs. This difference may be due to the fact that the his-
topathological examination may have a sampling bias.
Because intracytoplasmic lipid estimation in the histologi-
cal specimen is mainly based on two-dimensional mea-
surements, MRI-based calculation of the lipid content may
better reflect the actual lipid content of the tissues due to
three-dimensional voxel evaluation.> In addition, it is
speculated that there may be some sampling variability for
the biopsies. By histopathological examination, only a small
fraction of the tumour might be evaluated, and this could be
problematic due to heterogeneous lipid distribution in the
sampled tissue. The dual-echo chemical-shift MRI may
better reflect in vivo tissue lipid fraction than traditional
histopathological analysis as shown in the literature.
Fischer et al>® founded a significantly higher correlation
between tissue lipid fraction estimates derived from dual-
echo chemical-shift MRI and the computer-based histo-
logical result compared to the traditional histopathological
method of a cell-count fraction, reflecting the high inter-
observer variability of visual (cell-count fraction) histo-
pathological estimation. Dual-echo chemical-shift MRI
revealed the highest accuracy and the smallest measure-
ment bias for the quantification of tissue lipid fraction,
especially for clinically relevant low lipid fraction (5%)
values. Their results showed that MRI-derived fat-fraction
measurements could be highly reproducible and might
better reflect the “true” tissue lipid fraction in contrast to
visual histopathological analysis.

According to LI-RADS, intralesional fat in higher con-
centration than in the adjacent hepatic parenchyma is an
ancillary imaging feature favouring malignancy, HCC in
particular.36 In fact, this feature is considered to be non-
contributory for the imaging-based diagnosis of HCC, in
part, because the presence of fat coincided with other more
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discriminatory imaging features®’; however, the present
results show that intralesional fat may be more discrimi-
natory for HCCs than non-HCCs.

In the present series, two HCCs resulted in false-negative
and six non-HCCs resulted in false-positive results accord-
ing to the presence of intratumoural fat. These two HCCs
had T1 hyperintense appearance without signal loss on fat
suppression, which was attributed to the presence of
intratumoural haemorrhage, copper or iron deposits.'® Two
of false-positive non-HCCs were associated with liver iron
overload. The presence of iron molecules within the vicinity
of the region studied might decrease the role of this imag-
ing technique. This was a well-known situation in which
iron deposition in HCCs or in liver tissue (either as hae-
mochromatosis or haemosiderosis) might distort the mag-
netic field leading to a marked loss of signal and prevent the
detection of fat.'® Because the dual-echo chemical-shift MRI
is confounded by T2* bias induced by local field in-
homogeneities originating from paramagnetic ions, such as
iron, which cause a significant signal drop on in-phase
images, and consequently, result in a false under-
estimating of tissue fat content."”

Four patients with metastases had intratumoural fat
leading to a misdiagnosis of HCC. This could be related to
elevated fatty acid synthesis in tumour tissues such as co-
lon, stomach, breast, ovarian, and lung carcinoma.*®

The discriminative ability of the fat percentage subtraction
score to detect intratumoural fat in patients with or without
hepatic steatosis was also analysed. In the present series, only
three HCCs were associated with fatty liver. In these cases, the
fat percentage subtraction scores were higher than the cut-off
value of —0.26 and supported the diagnosis of HCC.

The study has some limitations. First, a single MRI unit
from one manufacturer was used, and other scanners were
not tested; however, it may be speculated that other high-
field scanners are likely to produce the same results. Sec-
ond, the study population had no equivocal lesion, such as a
hepatic adenoma or regenerative nodules, which may
contain fat. Third, the number of HCCs associated with
steatosis in the background liver was small.

In conclusion, the present results suggest that intralesional
fat demonstrated by quantitative chemical-shift MRI may be a
potentially powerful imaging biomarker to distinguish HCCs
from other malignant liver tumours. It can increase the
discriminatory ability of MRI along with other hallmark im-
aging features; however, the presence of iron molecules
within the vicinity of the region studied may decrease the role
of technique. Further prospective studies are needed to focus
on the value of the fat percentage subtraction score in differ-
entiating HCCs from other hepatic lesions.
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