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Objective: To evaluate the capacity of diffusion-weighted

imaging (DWI) to determine the histological grade of

small-sized hepatocellular carcinomas (HCCs) in liver

cirrhosis in comparison with T2 weighted imaging.

Methods: 51 cirrhotic patients with 63 histologically

proven HCCs #2cm underwent abdominal MRI, including

DWI (b-values 50, 400 and 800smm22) and T2 weighted

sequences. HCCs were classified into well-differentiated

HCCs (n537) and moderately differentiated HCCs (n526).

Relative contrast ratios (RCRs) between the lesions and

the surrounding liver were performed and compared

between the two groups for T2 weighted images, each

b-value and apparent diffusion coefficients (ADCs). A

receiver operating characteristic (ROC) analysis was per-

formed to compare RCRs in T2 and diffusion-weighted

images.

Results: We found significant differences in RCRs be-

tween well-differentiated vs moderately differentiated

HCCs for b550, 400 and 800smm22 and T2 weighted

images (1.3560.36 vs 1.8660.62; 1.3560.38 vs 1.826

0.60; 1.2760.30 vs 1.7460.53; 1.1460.18 vs 1.4360.28,

respectively; p,0.001), whereas no significant differ-

ences were observed in ADC and ADC RCR (1.0560.19 vs

0.9960.15 and 1.160.22 vs 1.0960.23; p50.16 and

p50.82, respectively). No significant difference was found

in the areas under the ROC curve for RCRs of T2 weighted

images and every DWI b-value (p50.18).

Conclusion: The RCR measurement performed in DWI

50, 400 and 800 b-values and T2 demonstrated

a significant difference between well-differentiated and

moderately differentiated small-sized HCCs. Further-

more, no difference was shown by using either ADC or

ADC RCR.

Advances in knowledge: DWI with RCR measurement

may be a valuable tool for non-invasively predicting the

histological grade of small HCCs.

Recent advances in liver imaging techniques and a better
understanding of imaging findings have facilitated the de-
tection of small nodules in cirrhotic livers. Nodular lesions
#2 cm against a background of cirrhosis are diagnostically
challenging in daily practice.1 The early and accurate di-
agnosis of hepatocellular carcinomas (HCCs) is of great
importance because the best treatment results are obtained
in patients with small and non-invasive HCCs.2,3 If small
HCCs are not treated, they can grow aggressively and mi-
croscopic vascular invasion can occur before the 2-cm cut-
off size for small HCCs.1 Fukuda et al4 reported that
moderately and poorly differentiated HCCs #2 cm have a
greater tendency towards microvascular invasion, meaning
that the malignant potential of small HCCs should also
be taken into account when selecting a treatment.

Therefore, the accurate distinction of well-differentiated
HCCs from less well-differentiated HCCs is also considered
an important issue in planning of the therapeutic strategy,
even if the tumour is small.5,6 Considering that histological
confirmation of small suspicious hepatic nodules before
treatment is often not possible owing to their location in the
liver or the risks of track seeding, the role of a non-invasive
pre-operative imaging technique for the discrimination of
moderate to poorly differentiated HCCs from well-
differentiated HCCs is important. Diffusion-weighted imag-
ing (DWI) allows the characterization of microscopic proton
displacement and has profoundly improved oncological im-
aging. Owing to the recent advances in MRI technology, DWI
can be applied to liver imaging with improved image quality.7

Several clinical trials have demonstrated the benefit of DWI in
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the detection and characterization of focal liver lesions.8–11 There
have been attempts to correlate DWI findings with the histological
grading of HCCs using signal intensity (SI) and apparent diffusion
coefficient (ADC) values, but no consensus in the results was
obtained.12–18 To the best of our knowledge, the interplay between
DWI and histopathological factors in a cohort of patients with
exclusively small HCCs (,2 cm) has not been specifically in-
vestigated. The purpose of the present study was to investigate
whether or not diffusion-weighted (DW) images and ADC could
determine the histological grading of HCCs ,2 cm in diameter.

METHODS AND MATERIALS
Patients
This study was conducted in agreement with the French law
(4 March 2002)19 and the Declaration of Helsinki,20 and the re-
quirement for informed consent was waived. Patients enrolled were
a subset of a larger prospective cohort of patients presenting with
small undetermined benign and malignant cirrhotic nodules. A
qualitative analysis of the whole cohort has been previously pub-
lished.21 Patients were included if they had HCC nodules ,2 cm
with pathological proof of the grade of HCC. HCCs,6mm in size
were excluded in order to avoid gross errors due to partial volume
effects. We finally enrolled a total of 51 patients (43 males and 8
females; mean age, 64.5 years; age range, 45–88 years) with 63
definite histopathologically confirmed HCCs #2 cm. Of these, 41
patients had 1 HCC each, 8 had 2 HCCs and 2 had 3 HCCs. None
of the nodules had been treated before MRI evaluation. All histo-
pathologically proven HCCs were considered to be associated with
liver cirrhosis according to the results of biopsy, ultrasonography,
MRI and clinical findings. The following causes of liver cirrhosis
were recorded: chronic hepatitis C (n517), hepatitis B (n54),
alcohol abuse (n526), non-alcoholic steatohepatitis (n52) and
unknown (n52). The clinical severity and progression of cirrhosis,
which were evaluated using the Child–Pugh classification, were
grade A in 44 patients and grade B in 7 patients.

Lesion confirmation
Pathological specimens were obtained from hepatic resection
(n517), transplantation (n56) and percutaneous needle biopsy
(n540, $2 core-biopsy specimens for each HCC). The median
interval between MRI and surgery/biopsy was 22 days (range, 1–80
days). Gross and microscopic analyses of all specimens were per-
formed by an experienced hepatobiliary pathologist (BB). These
lesions were sampled at histological examination (haematoxylin and
eosin staining). The HCCs were graded according to a modified
version of the Edmonson and Steiner classification.22,23 Specifically,
modified Edmondson and Steiner grades 1 and 2 were defined as
well-differentiated, grade 3 as moderately differentiated and grade 4
as poorly differentiated. In tumours exhibiting several regions of
differentiation, grading was established according to the highest
grade observed. As a final result, the 63 small HCCs consisted of 37
well-differentiated HCCs and 26 moderately differentiated HCCs.
Furthermore, 81% of the nodules (51) were found in the right lobe,
with the remaining ones (12) in the left lobe.

MRI technique
The patients were examined on a 1.5-T clinical MR unit
(MAGNETOM® Avanto; Siemens Healthcare, Erlangen, Germany)
using one anterior torso phased-array coil with six channels and
two posterior spine clusters with three channels each.

The routine MRI protocol included a transverse T1 weighted fast
gradient-recalled dual-echo sequence [repetition time (TR)/echo
time (TE)in-phase/TEout-of-phase, 126–149/4.76/2.38ms; flip an-
gle, 70°; field of view, 30–40 cm; matrix, 2563 156 pixels;
section thickness/gap, 6/0.6mm; and signal average, one],
a transverse respiratory-triggered T2 weighted fast spin-echo
sequence with spectral fat saturation (TR/TE, 3095–8241/84ms;
flip angle, 150°; field of view, 30–40 cm; matrix, 3843 207;
section thickness/gap, 6/0.6mm; and signal average, one) and
a dynamic contrast-enhanced three-dimensional gradient-echo
volumetric interpolated breath-hold examination (VIBE) sequence
performed in the arterial, venous and delayed phases.

DW images were acquired in the transverse plane prior to
gadolinium injection with three directional gradients using
respiratory-triggered single-shot echo planar imaging with
prospective acquisition correction and using spectral attenuated
inversion recovery technique for fat suppression. The gradient
factors (b-values) were 50, 400 and 800 smm22. The technical
parameters were as follows: TR/TE, 2336–7216/79ms; flip angle,
90°; field of view, 30–40 cm; matrix 1923 115 pixels; slice
width/gap, 6/0.6mm; signal averages, two; receiver bandwidth,
1445Hz per pixel; and total scan time, 3–4min. Parallel imaging
was performed using generalized autocalibrating partially parallel
acquisitions with an acceleration factor of 2 as well as a partial
75% phase Fourier to reduce TE and minimize artefacts. The total
slices of DW-MR images varied as a function of liver length, and
30 was the modal number of slices acquired. The gap and field
of view were occasionally changed according to the size of the
liver and the torso in each patient to ensure coverage of the
whole liver.

Quantitative ADC maps were created on a voxel-by-voxel basis
using the algorithms implemented within the Siemens MAG-
NETOM scanner software and using the three b-values of
50, 400 and 800 smm22.

Image analysis
Quantitative evaluation
Quantitative analysis was performed by two radiologists in con-
sensus (AR and FLM) on a commercially available workstation
(Leonardo; Siemens Healthcare). Each nodule was manually
contoured [free-hand regions of interest (ROIs)] on DW images
(on either b5 50, 400 and 800 smm22) depending upon the
visual conspicuity and delineation of the tumour within these
images at the maximum diameter of the lesion. The SI of each
ROI was recorded. The ROIs for each lesion were carefully
placed within the confines of the lesion in order to not exclude
various components with different signal values. Subsequently,
ROIs were copied and pasted on the same slices obtained at the
other b-value DW and T2 images. When the lesion was not
visualized well on the DW images, the T1 weighted images and
the contrast-enhanced T1 weighted images were reviewed for the
accurate placement of the ROI on the lesion by visual correlation
of the image sets. Similarly, a circular ROI (100 pixels in average)
was drawn in the adjacent hepatic parenchyma near the delineated
lesion at the same slice position, avoiding visible vascular and biliary
structures and artefacts. The relative contrast ratio (RCR) was cal-
culated as follows: RCR5 SIlesion/SIliver, where SIlesion was the SI of
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the lesion and SIliver was evaluated from hepatic tissue surrounding
the lesion, as described by previous studies.24,25 Then, the ROIs
were automatically propagated to the ADC map. The mean ADC
values and the RCR of ADC of the nodules were obtained using the
same ROIs established for the SI measurements. Finally, the exact
size of each nodule was measured on the gadolinium-enhanced
VIBE sequence on the most appropriated post-injection phase
(arterial or portal).

Statistical analysis
Data were expressed as mean6 standard deviation. As all the
analysed data were not following a normal distribution on
Skewness and Kurtosis tests, Mann–Whitney U test was per-
formed to compare the two histopathological groups for ADC
and RCRs (calculated on b50, b400 and b800 DW images, T2
weighted images and ADC maps).

A ROC analysis was performed for RCR b50, b400, b800 DW
images, T2 weighted images and ADC maps. Areas under the
ROC curves were also compared.

In order to test the differences between RCRs for b50, b400
and b800 DWI values in the two histopathological groups, a
Kruskal–Wallis test was performed on each group for these
RCR values.

Differences were considered to be significant when the p-value
was ,0.05.

All statistical analyses were performed using Intercooled Stata®
v. 10.0 (StataCorp LP, College Station, TX).

RESULTS
The whole MRI protocol was performed for all the 51 included
patients. The mean diameter of the HCCs, measured on the
gadolinium-enhanced VIBE sequences, was 14.263.9mm (range,
0.8–20mm). Representative examples of well-differentiated HCCs
and moderately differentiated HCCs are provided in Figures 1 and 2.

The mean RCR values for well-differentiated HCCs were 1.356
0.36 (range, 0.69–2.46), 1.356 0.38 (range, 0.68–2.35), 1.276
0.30 (range, 0.81–2.17), 1.146 0.18 (range, 0.85–1.65) and
1.096 0.21 (range, 0.63–1.57) for, respectively, b5 50, 400 and
800 smm22 DW images, T2 weighted images and ADC map.

The mean RCR values for moderately differentiated HCCs were
1.866 0.62 (range, 0.43–3.15), 1.826 0.60 (range, 0.48–3.25),
1.746 0.53 (range, 0.53–2.90), 1.436 0.28 (range, 0.84–2.17)
and 1.096 0.23 (range, 0.63–1.68) for b5 50, 400 and
800 smm22 DW images, T2 weighted images and ADC map,
respectively.

This lead to a significant difference between well-differentiated and
moderately differentiated HCCs for b550, 400 and 800 smm22

DWI and T2 weighted images (p,0.001). Conversely, no significant
difference was found in RCRs for ADC map (p50.82) (Figure 3).

No significant difference was found in ADC between the two
groups: 1.056 0.193 1023mm2 s21 (range, 0.64–1.59mm2 s21)
vs 0.996 0.153 1023mm2 s21 (range, 0.65–1.28mm2 s21) for
well-differentiated and moderately differentiated HCCs (p5 0.16),
respectively.

Figure 1. A 78-year-old male with a well-differentiated hepatocellular carcinoma (HCC) in Segment VI (size, 15mm). (a, b) Dynamic

MRI shows a subtle enhanced nodule (arrow) in the arterial phase (a), followed by wash out with capsular enhancement (arrow)

during the venous phase (b). (c) The nodule is not clearly distinguishable from the background liver on T2 weighted imaging.

(d) diffusion-weighted MRI shows a slight hyperintensity relative to the surrounding liver at b800, correlating to a relative contrast

ratio of 1.14. (e) The apparent diffusion coefficient of the tumour was 1.333 1023mm2s21. (f) Histopathology characterized the lesion

as a well-differentiated HCC (haematoxylin and eosin staining). Av, average; SD, standard deviation.
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No significant differences were found between RCRs for b50,
b400 and b800 DW images for the well-differentiated and
moderately differentiated HCC groups (p5 0.54 and p5 0.57,
respectively).

The ROC analysis (Figures 4 and 5) demonstrated a maximal
accuracy for identifying well-differentiated vs moderately dif-
ferentiated HCCs with a cut-off of 1.52 for RCRs for b50, 1.55
for b400 and 1.43 for b800 DW images (accuracy of 79%, 74%
and 81%, respectively) and a cut-off of 1.35 for the RCR of T2
weighted images (accuracy of 77%). With these thresholds, the
sensitivity and specificity were, respectively, 84% and 75% for
b50, 73% and 75% for b400, 81% and 81% for b800 and 65%
and 86% for T2 weighted images. No difference in the area
under the ROC curve was found between RCRs of b50, b400 and
b800 DWI and T2 weighted images (p5 0.17).

DISCUSSION
In this study, we evaluated the differences in RCRs between well-
differentiated and moderately differentiated HCCs ,2 cm on
b5 50, 400 and 800 DW images, T2 weighted images and the
ADC map. Regarding T2 weighted sequences, the RCR was
significantly higher in moderately differentiated HCCs than in
well-differentiated HCCs (mean, 1.43 vs 1.14). This is in ac-
cordance with previous studies that demonstrated that HCCs
with moderate to poor differentiation showed greater hyper-
intensity on T2 weighted images in comparison with well-
differentiated HCCs.26,27 This feature could be related to an
increase of water content in the high-grade HCCs as well as an
increased number of blood sinusoids with an increased amount
of intratumoral blood volume.28

Similarly, RCR was significantly higher in moderately differen-
tiated HCCs than in well-differentiated HCCs for b50, b400 and

Figure 2. A 58-year-old male with moderately differentiated hepatocellular carcinoma (HCC) (size 14mm) in Segment IV.

(a, b) Dynamic MRI shows heterogeneous enhancement of the nodule (arrow) in the arterial phase (a), followed by wash-out (arrow)

during the venous phase (b). (c) The nodule is slightly hyperintense (arrow) relative to the surrounding hepatic parenchyma on T2

weighted imaging. (d) Diffusion-weighted MRI shows strong hyperintensity (arrow) relative to the surrounding liver at b800,

correlating to a relative contrast ratio of 2.78. (e) The apparent diffusion coefficient of the tumour was 0.943 1023mm2s21.

(f) Histopathology characterized the lesion as a moderately differentiated HCC (haematoxylin and eosin staining). Av, average; SD,

standard deviation.

Figure 3. Box and whisker plots of relative contrast ratios

(RCRs) for b550, 400 and 800smm22 diffusion-weighted

imaging (DWI), T2 weighted and apparent diffusion coefficient

(ADC) images. The boxes show the 25th and 75th percentile

(interquartile) ranges. Median values are shown as a horizontal

black bar within each box. The whiskers show levels outside

the 5th and 95th percentiles. Significant differences are

indicated by a star. HCC, hepatocellular carcinoma; NS, not

significant.

BJR F Le Moigne et al

4 of 7 birpublications.org/bjr Br J Radiol;87:20130763

http://birpublications.org/bjr


b800 DW images. Nevertheless, there were no significant dif-
ferences in RCRs between these three b-values within each HCC
group. In addition, the area under the ROC curve was not dif-
ferent between the RCRs calculated on the different b-values and
on the T2 weighted images. These results suggest that T2 effect is
certainly the main driver of differences in SI between well-
differentiated and moderately differentiated small HCCs on DW
images. This element is supported by the absence of differences
in ADC values as well as in RCR ADC between the two groups of
HCCs. Indeed, the evolution of the MR signal, when increasing
b-value, mainly depends on the T2 component of the lesion and
the diffusion of water within the lesion, assessed by the calcu-
lation of the ADC. Values of ADC in HCC lesions have been
reported with variable results in the literature. Xu et al12 reported
a considerable overlap between the ADC values (using b factors of
0–600 and 0–1000) of benign cirrhotic nodules, HCCs with dif-
ferent histological grades and the surrounding cirrhotic parenchyma
in a rat model. Vandecaveye et al25 confirmed these findings and
also showed similarities in the ADC values (using b factors of

0–1000) between benign and malignant nodules in the cirrhotic
liver, although they did not compare them between the different
histopathological grades of the HCCs. Nasu et al13 reported on
the correlation between the histological grading and DWI
findings in a series of 125 resected HCCs of various sizes (range,
0.8–15 cm); they found no correlation between tumour grades
and ADC (using b factors of 0 and 500 smm22), although the
DWI SI of the HCC nodules increased with tumour grade.
Conversely, Muhi et al14 showed significant differences both in
signal intensities and ADC values (using b factors of 500 and
1000 smm22) between various grades of 98 hepatocellular nodules
(size range, 0.8–5.3 cm), although there was still considerable over-
lapping. More recently, Nishie et al16 demonstrated a relationship
between ADC and the histological grade in HCCs classified in five
histological groups, but the difference was significant only between
the extreme groups of HCCs, i.e. between well-differentiated
HCCs and HCCs with a poorly differentiated component.

These discrepancies may be owing to problems in computing
ADC. Indeed, liver cirrhosis and benign cirrhotic nodular
changes also reduce water diffusion and then decrease the ADC,
making it difficult to distinguish them from the low ADC related
to diffusivity restriction in malignancy.12,25 Then, microcapillary
perfusion effects could have influenced our results. The ADC
was monoexponentially assessed, and images with multiple small
b-values in order to separately assess the effects of perfusion and
diffusion were not obtained. Our choice of 50 smm22 as the
lowest b-value for the ADC calculation might have resulted in
residual perfusion effects.29 Then, cardiac motion-related arte-
facts in the left lobe and noise contamination both distort ADC
values to a certain degree.30,31 Finally, the partial volume aver-
aging effect with the surrounding liver, especially in the case of
the very small ROIs in our study, may also have impaired the
reliability of the ADC measurements.32 In this regard, an inter-
national consensus preconized a minimum 2-cm ROI diameter in
order to avoid inaccuracies in ADC measurements.33 This might
explain the results from Nishie et al16 who found a significant
difference between low- and high-grade HCCs with large-sized
lesions [3.663.1 cm (range, 1–17 cm)]. This was not possible in
our study since we included only HCCs ,2 cm.

Nevertheless, the absence of difference in ADC between well-
differentiated and moderately differentiated HCCs of small size
in our population could simply reflect the fact that there is no
significant difference in terms of water diffusion between the
two groups. Indeed, ADC modifications are related to changes in
cellularity, nuclei size, nuclear/cytoplasmic ratio34,35 and in-
tracellular organelles. These changes might be too small between
our two groups of HCC to be measurable. They might also vary
across the different types of HCC, which would explain the
discrepancy in the results from the literature.

Finally, as demonstrated by the ROC analysis, DWI allows a
small increase in sensitivity in comparison with T2 weighted
images to differentiate between well-differentiated and moder-
ately differentiated HCCs. Indeed, we obtained a sensitivity
value of 81% for DWI (at b5 800) and 65% for T2 weighted
images at the best level of accuracy for the two methods with a
comparable specificity (81% vs 86%). This finding might indicate

Figure 4. Receiver operating characteristic curves for relative

contrast ratio (RCR) of diffusion-weighted imaging sequence

at b550, b5400 and b5800smm22. The isoline is also

provided.

Figure 5. Receiver operating characteristic curves for relative

contrast ratios (RCRs) of b5800smm22 diffusion-weighted

imaging (copied from Figure 4), T2 weighted images and

apparent diffusion coefficient (ADC). The isoline (reference) is

also provided.
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that DWI is more suitable than T2 for small HCC grading
classification.

The present study had several potential limitations. First, 63%
(40/63) of the nodules were histologically diagnosed by biopsy.
The accuracy of biopsy for small (#2 cm) hepatic nodules is
limited because of the difficulty in the histopathological diagnosis
of borderline lesions, such as dysplastic nodules and well-
differentiated HCCs in the early stage.36,37 Moreover, HCC may
have different grades of differentiation within the tumour, and the
biopsy sample may not be representative of the whole tumour.38

However, the size of the lesions in this study was very small,
therefore, it was thought that there was less possibility of het-
erogeneity in the small HCCs. Values of ADC and signal on
DWI are relative and difficult to compare from one patient to
another. We attempted to limit this effect by using RCR instead of

absolute signal values of the lesion but this method suffered from
the fact that the surrounding liver is not healthy for all the
patients and thus may not be a suitable baseline for comparison.

In conclusion, RCR on DWI and T2 weighted images allow
differentiation between well-differentiated HCCs and moder-
ately differentiated HCCs ,2 cm with a better sensitivity for
DWI than that of T2 weighted sequences. However, no signifi-
cant difference was found in ADC between the two groups,
suggesting that the T2 shine-though effect is the major de-
terminant of the differences in DWI signal.
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