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Background: Previous studies have confirmed that malignant transformation of dysplastic nodule
(DN) into hepatocellular carcinoma (HCC) is accompanied by reduction of iron content in nodules. This
pathological abnormality can serve as the basis for magnetic resonance imaging (MRI). This study was
designed to identify the feasibility of iterative decomposition of water and fat with echo asymmetry and least
squares estimation-iron quantitative (IDEAL-IQ) measurement to distinguish early hepatocellular carcinoma
(eHCC) from DN.

Methods: We reviewed MRI studies of 35 eHCC and 23 DN lesions (46 participants with 58 lesions total,
37 males, 9 females, 31-80 years old). The exams include IDEAL-IQ sequence and 3.0T MR conventional
scan [including T1-weighted imaging (T1WI), T2-weighted imaging (T2WTI), diffusion-weighted imaging
(DWI), and Gadopentic acid (Gd-GDPA)-enhanced]. Then, 3 readers independently diagnosed eHCC,
DN, or were unable to distinguish e HCC from DN using conventional MRI (CMRI), and then assessed R2*
value of nodules [R2* value represents the nodule iron content (NIC)] and R2* value of liver background
[R2* value represents the liver background iron content (LBIC)] with IDEAL-IQ. Statistical analysis was
conducted using the 7-test for comparison of means, the Mann-Whitney test for comparison of medians,
the chi-square test for comparison of frequencies, and diagnostic efficacy was evaluated by using receiver
operating characteristic (ROC) curve.

Results: This study evaluated 35 eHCC participants (17 males, 6 females, 34-81 years old, nodule size:
10.5-27.6 mm, median 18.0 mm) and 23 DN participants (20 males, 3 females, 31-76 years old, nodule size:
16.30£4.095 mm). The NIC and ratio of NIC to LIBC (NIC/LBIC) of the eHCC group (35.926+12.806 sec™,
0.327+0.107) was lower than that of the DN group (176.635£87.686 sec”, 1.799+0.629) (P<0.001). Using
NIC and NIC/LBIC to distinguish eHCC from DN, the true positive/false positive rates were 91.3%/94.3 %
and 87.0%/97.1%, respectively. The rates of CMRI, NIC and NIC/LBIC in diagnosis of eHCC were
77.1%, and 94.3%, 97.1%, respectively, and those of DN were 65.2%, 91.3%, and 87.0%, respectively. The
diagnosis rate of eHCC and DN by CMRI was lower than that of NIC and NIC/LBIC (eHCC: P=0.03, 0.04,
DN: P=0.02, 0.04).
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Conclusions: Using IDEAL-IQ measurement can distinguish DN from eHCC.
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Introduction

Hepatocellular carcinoma (HCC) is still one of the most
common malignant tumors in worldwide. In 2020, HCC
was the 6th most common cancer and the 3rd leading
cause of cancer death in the world, with about 906,000
new cases and 830,000 deaths (1). At present, the definite
image diagnosis of HCC is mainly based on contrast-
enhanced imaging, however, there is still a portion of early
hepatocellular carcinoma (eHCC) (approximately 23 %) that
is misdiagnosed as dysplastic nodule (DN) (2,3).

It is recognized that multistep hepatocarcinogenesis
usually develops in the context of liver cirrhosis, and it
is characterized by the following 3 phases: low- or high-
grade DN, eHCC, and finally advanced HCC, and all
these processes usually take from several years to more
than 10 years. However, throughout the process, eHCC
progresses quite rapidly to advanced HCC [approximately
3-18 months (median 12 months)] (4-7). Therefore,
accurate diagnosis of eHCC is of great significance for
clinical treatment. Although liver tissue biopsy is the
gold standard for distinguishing DN and eHCC, it is an
invasive examination and has contraindications such as
large amounts of ascites, coagulation dysfunction, and
tumor intra-abdominal implantation metastasis that limit its
use. It is difficult to widely apply in clinical practice (8,9).
Therefore, a non-invasive magnetic resonance imaging
(MRI) examination method is necessary to effectively
distinguish DN and eHCC.

Conventional MRI (CMRI) diagnosis of HCC and
DN is mainly based on its morphology, signal changes,
and hemodynamics. In general, DN shows high signal
intensity on T1-weighted imaging (T1WI) and low
signal intensity on T2-weighted imaging (T2WI), and
gadoxetic acid-enhanced imaging in arterial phase can show
hyperenhancement, whereas eHCC can also have the same
appearance (10-12). Therefore, it is sometimes difficult
to distinguish eHCC from DN. Although gadolinium
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ethoxybenzyl-diethylenetriaminepentaacetic acid (Gd-Eob-
DTPA) enhanced can improve the sensitivity and specificity
of eHCC diagnosis, there are still a portion of HCC that
cannot be accurately diagnosed (12-14).

The development of DN into eHCC is accompanied
by another pathophysiological change: decrease of iron
content in nodules. Studies have confirmed that iron
overload usually exists in regenerative nodule (RN), and
when RN develops into DN, DN develops into eHCC,
it is often accompanied by a gradual decrease of iron
content in nodules, and this process is continuous (15-18).
Therefore, we assume that the application of a non-invasive
iron quantitative measurement technique to measure
the iron content in the nodules can achieve the purpose
of distinguishing eHCC from DN. In previous studies,
qualitative or semi-quantitative MRI methods have been
used to indirectly reflect the differences in endogenous iron
content between eHCC and DN, but there has been no
quantitative analysis of endogenous iron in nodules (19-23).

Iterative decomposition of water and fat with echo
asymmetry and least squares estimation-iron quantitative
(IDEAL-IQ) is an MRI method for quantitative measurement
of iron and fat developed in recent years, which has been
verified in phantoms, animal models, and patients (24-29).
Therefore, it is feasible and meaningful to use IDEAL-IQ to
measure the iron content of DN and eHCC.

The purpose of this study was to apply IDEAL-IQ
to quantitatively measure the difference in iron content
between eHCC and DN, and to evaluate its value for
identification. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1593/rc).

Methods
Study population

This single-center retrospective case-control study was
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approved by the Medical Ethics Committee of Shenzhen
Third People’s Hospital (approval No. 2022-035-02), and
informed consent was provided by all participants. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). We collected liver
cirrhosis patients at the Department of Hepatology of
the Shenzhen Third People’s Hospital from 1 January
2019 to 31 December 2020. The inclusion criteria were
as follows: (I) all participants were diagnosed with liver
cirrhosis and intrahepatic nodules were found by any
imaging examinations. (II) Maximum diameter of nodule
<30 mm. (III) T1WI showed homogeneous hyperintensity
or isointensity nodules. The exclusion criteria were as
follows: (I) chronic liver disease due to vascular disorders
or cirrhosis due to congenital hepatic fibrosis. (II) Liver
paramagnetic substance deposition disease. (III) Without
MRI examination or without IDEAL-IQ sequence
examination. (IV) IDEAL-IQ sequence unable to locate
nodules. (V) The nodules without final confirmation: (i)
without histology confirmed and any imaging follow-up.
(ii) Without histology confirmed, but the imaging follow-
up could not be confirmed by Liver Imaging Reporting
and Data System (LI-RADS; version 2018) (30) or digital
subtraction angiography (DSA) imaging and transcatheter
arterial chemoembolization (TACE) treatment.

MRI

All patients underwent MRI on the same scanner
(Pioneer 3.0T; GE Healthcare, Chicago, IL, USA) using
a 16-channel body coil, and images were post-processed
on a multi-modality image review, comparison, and
processing workstation (AW Volume Share 7 Workstation,
GE Healthcare, USA). All examinations were performed
with breath hold, and the MRI protocol included: (I)
non-enhanced T1WI using liver acquisition with volume
acceleration (LAVA-Flex): repetition time (TR)/echo time
(TE), 4.5 ms/2 ms; flip angle, 12 degrees; slice thickness,
3 mm; intersection gap, 1 mm; bandwidth 142.86 kHz;
field-of-view (FOV), 38 mm; number of excitations
(NEX), 1. (II) T2WI using fast spin echo (FSE): TR/TE,
3,500-5,500 ms/70-90 ms; flip angle, 111 degrees; slice
thickness, 7 mm; intersection gap, 1 mm; bandwidth
62.5 kHz; FOV, 38 mm; NEX, 1. (III) Diffusion-weighted
imaging (DWI) using spin-echo echo-planar imaging
(SEEPI): TR/TE, 2,350 ms/65 ms; slice thickness, 6 mm;
intersection gap, 2 mm; bandwidth 250 kHz; FOV, 38 mm;
NEX, 1. b values, 0 and 800 s/mm’; (IV) IDEAL-IQ using
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LAVA: TR/TE, 6.2 ms/1 ms; 3 degrees; slice thickness,
5 mmy; intersection gap, 1 mm; bandwidth 40 kHz; FOV,
40 mm; NEX, 0.75. (V) Dynamic contrast-enhanced MRI
(DCE-MRI) using LAVA: TR/TE, 4.6 ms/2 ms; flip angle,
12 degrees; slice thickness, 3 mm; intersection gap, 1 mm;
bandwidth 142.86 kHz; FOV, 38 mm; NEX, 1 (Table 1).

DCE-MRI used the contrast agent gadopentetate
dimeglnmine (Magnevist; Bayer AG, Leverkusen,
Germany), with an administered dose according to patient
weight (0.2 mmol/kg; maximum dose, 20 mL) and injected
at 2 mL/sec followed by a 15 mL saline flush at 2 mL/sec.
Vascular phases images were acquired after administration
of contrast agent, in late arterial phase (based on automated
tracking technique), portal venous phase (50-60 sec), and
delayed phase (3 min). DCE-MRI was performed after
completion of IDEAL-IQ, T2WI, TIWI, and DWI. CMRI
included T1WI, T2WI, DWI, and DCE-MRI. IDEAL-
IQ included R2* mapping and proton density fat fraction
(PDFF) mapping.

MRI analysis

MRI data were analyzed as follows: firstly, the nodules
were divided into eHCC and DN groups according
to the final clinical diagnosis. Secondly, CMRI images
were independently read on the picture archiving and
communication system (PACS) by 3 gastrointestinal
radiologists (X.W., 14 years of work experience; G.Y.,
26 years of work experience; Y.Z., 10 years of work
experience) whom were blinded to clinical data, histology,
and laboratory examinations. After reading the CMRI
images, there were 3 diagnostic options to choose: (I)
eHCC, (II) DN, (III) unable to distinguish eHCC from
DN. The final MRI diagnoses were achieved by at least 2
radiologists’ consistent diagnosis results. If the diagnosis
results of at least 2 radiologists had not been achieved,
option (IIT) was finally selected. Thirdly, another radiologist
(W.L., 16 years of work experience) measured the R2*
value of nodules [nodule iron content (NIC)]. In addition,
in order to avoid the NIC from being affected by the
background liver, we also measured the R2* value of the
background liver [liver background iron content (LBIC)],
and calculated the ratio (NIC/LBIC).

The measurement of NIC and LBIC was performed
on AW Volume Share 7 Workstation. NIC measurement:
Firstly, the nodules were accurately located on the R2*
mapping with the help of CMRI images and PDFF
mapping. Then, the ROI was manually drawn as much as
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Parameters T1WI (LAVA-Flex) T2WI (FSE) DWI (SE-EPI) DCE-MRI (LAVA) IDEAL-IQ
TR/TE (ms) 4.5/2 3,500-5,500/70-90 2,350/65 4.6/2 6.2/1
Flip angle (°) 12 111 - 12 3
Slice thickness (mm) 3 7 6 3 5
Intersection gap (mm) 1 1 2 1 -
Bandwidth (kHz) 142.86 62.5 250 142.86 111.11
Field-of-view (mm) 38 38 38 38 40
Number of excitations 1 2 1 1 0.75

b values (s/mm?) - - 0/800 - -

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; LAVA-Flex, liver acquisition with volume acceleration flex; T2WI, T2-
weighted imaging; FSE, fast spin echo; DWI, diffusion-weighted imaging; SE-EPI, spin-echo echo-planar imaging; DCE-MRI, dynamic
contrast-enhanced MRI; LAVA, liver acquisition with volume acceleration; IDEAL-IQ, iterative decomposition of water and fat with echo
asymmetry and least squares estimation-iron quantification; TR, repetition time; TE, echo time.

possible to include most of the lesion on PDFF mapping,
and the ROI was cloned from PDFF mapping to R2*
mapping. LBIC measurement: 1 position was taken in the
left lobe, right anterior lobe, and right posterior lobe of
the liver, respectively on R2* mapping for measurement;
the ROI area was about 300 mm’, and avoiding blood
vessels. The LBIC was taken as the average value of the3
measurements. The measured value was automatically

generated by AW Volume Share 7 Workstation.

Nodule bistology confirmation

These cases were rechecked by pathologists. The criteria to
discriminate eHCC from DN included hepatocytic invasion
of portal triads and septa (stromal invasion) (31).

Statistical analysis

Commercially available statistical software (SPSS 24.0,
IBM, Armonk, NY, USA) was used for statistical analyses.
Continuous variables with normal distribution were
reported by the mean and standard deviation, and skew
data by the median and range. Categorical variables were
expressed in numbers and percentages.

The z-test, '-test, or rank sum test were used to compare
continuous variables.

The receiver operating characteristic (ROC) curve
was used to evaluate the diagnostic efficacy for NIC and
NIC/LBIC, and the cut-off value was estimated by the
Youden index (32). Chi-square test was used for pairwise
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comparison of the rates between CMRI, NIC, and NIC/
LBIC (categorical variables).

Results
Characteristics of study participants

A total of 167 participants were screened and 121 were
excluded. According to exclusion criteria, participants with
liver paramagnetic substance deposition disease (n=15)
(4 with hemochromatosis, 9 with Wilson disease, and 2
with long-term blood transfusion products), with chronic
liver disease due to vascular disorders or cirrhosis due to
congenital hepatic fibrosis (n=9) (9 with Budd-Chiari),
Without MRI examination or without IDEAL-IQ sequence
examination (n=28) (19 without MRI examination, 9
without IDEAL-IQ), with IDEAL-IQ unable to locate the
nodules (n=17), and nodules without final confirmation
(n=52) were excluded. Finally, 46 participants (37 males,
9 females, 52.4+13.6 years) were included in the study
(58 nodules in total met the inclusion and exclusion
criteria: 38 with single nodule, 4 with 2 nodules, and
4 with 3 nodules) (Figure I). Among these 46 participants,
19 underwent only 1 MRI examination, 11 underwent 2
MRI examinations (interval between the 2 examinations
>3 months), and 16 underwent more than 2 MRI
examinations. Among these 58 nodules, 49 were confirmed
by histology [surgical resection or needle biopsy, HCC
(n=26), DN (n=23)], and 9 were confirmed by the imaging
follow-up (LI-RADS version 2018, LR-5 categorization or
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Potentially eligible participants
(n=167)

Y

Excluded participants (n=121):

* Hemochromatosis (n=4)

¢ Wilson disease (n=9)

® Long history of blood transfusion (n=2)

® Budd-Chiari (n=9)

¢ Without MRI examination (n=19)

e Without IDEAL-1Q (n=9)

¢ IDEA-IQ unable to locate the nodules (n=17)
¢ Without final confirmation (n=52)

y

Included participants
(n=46)

A

T1WI hyperintensity or isointensity nodules
(n=58):

¢ Patients with single nodule (n=38)

* Patients with 2 nodules (n=4)

e Patients with 3 nodules (n=4)

A

Include nodules (n=58)
HCC (n=35)
* Histologically confirmed (n=26)
e Clinically confirmed (n=9)
DN (n=23)
¢ Histologically confirmed (n=6)
e Clinically confirmed (n=17)

Figure 1 Flowchart of patient selection. MRI, magnetic resonance imaging; IDEAL-IQ, iterative decomposition of water and fat with echo

asymmetry and least squares estimation-iron quantification; T1WI, T1-weighted imaging; HCC, hepatocellular carcinoma; DN, dysplastic

nodule.

higher), and DSA imaging showed tumor staining; TACE
treatment showed iodine deposition within the nodule
[HCC (n=9)].

Clinical characteristics of the study participants are
reported in the 7able 2. The mean time interval between
the date of MRI examination and the date of clinical
characteristics recording were 11.8+4.8 days.

Characteristic analysis of eHCC and DN

The characteristics of eHCC and DN are summarized in
Tuable 3, and the NIC and NIC/LBIC data distributions
plots are summarized in Figure 2. The maximum diameter
of nodules, LBIC, NIC, and LIC/LBIC of eHCC and
DN were compared. There were no differences in the
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maximum diameter and LBIC between eHCC [n=35,
maximum diameter = (10.5-27.6 mm, median 18.0 mm),
LBIC = (54.2-360.0 sec”', median 103.3 sec™)] and DN
[n=23, maximum diameter = (16.30+4.095 mm), LBIC =
(30.6-744.9 sec”', median 80.20 sec™)], P=0.11, P=0.79,
respectively. The NIC and LIC/LBIC of eHCC [NIC =
(35.926£12.806 sec™"), NIC/LBIC = (0.327+0.107)] were
lower than DN [NIC = (176.635+87.686 sec™"), LIC/LBIC
=(1.799£0.629)], P<0.001, P<0.001, respectively.

Image features of eHCC and DN on R2* Map

In these cases, eHCC showed T1WI hyperintensity
and T2WTI slight hyperintensity (Figure 34,3B), DWI
(b=800 s/mm’) showed mild hyperintensity or isointensity
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Table 2 Clinical characteristics of the study participants (N=46)
Characteristics HCC (N=35, 60.3%) DN (N=23, 39.7%) P value

Age, years 51 (34-81) 51 (31-76) 0.39
Gender, N (%)
Male 32 (69.6) 5(10.9) 0.03
Female 1(2.2) 8(17.4) 0.03

Personal disease history, N (%)

Hepatitis B cirrhosis 32 (69.6) 8(17.4) 0.29
Hepatitis C cirrhosis 3(6.5) 0 (0.0 <0.01
Alcoholic cirrhosis 0 (0.0) 2 (4.3) <0.01
Autoimmune hepatitis cirrhosis 0 (0.0) 1(2.2) <0.01
Duration of cirrhosis, months 52 (36-96) 32 (20-62) 0.02

Clinical symptoms and signs, N (%)

Abdominal pain 24 (52.1) 6(13.0) 0.65
Fatigue 31(67.4) 8(17.4) 0.63
Jaundice 29 (63.0) 4(8.7) 0.22
Gastrointestinal bleeding 12 (26.1) 2 4.3 0.10
Splenomegaly 35 (76.1) 11 (28.9) 0.53
Ascites 14 (30.4) 7(15.2) 0.62
Liver palm 33 (71.7) 10 (21.7) 0.33
Spider nevus 33 (71.7) 10 (21.7) 0.33
Epigastric mass 0 (0.0) 0 (0.0

Laboratory investigations

GGT (UxL™) 90412 (47-234) 23+11 (9-56) 0.23
ALT (UxL™ 93+19 (33-362) 4915 (13-86) 0.33
AST (UxL™) 78+13 (28-198) 86+19 (38-124) 0.28
AFP (ngxL™) 62.9 (0.9-1,012.9) 4.3 (2.0-38.5) <0.01

Liver function (Child-Pugh), N (%)

Grade A 1(2.2) 5(10.9) 0.02
Grade B 13 (28.3) 5(10.9) 0.03
Grade C 21 (45.7) 1(2.2) 0.03

MRI examination, N

Only 1 examination 15 4
2 examinations 7 4
More than 2 examinations 11 5

For continuous variables, normal distribution data are represented as mean + SD (range), and skew distribution data are represented as
median (range). For categorical variables, data are absolute value. HCC, hepatocellular carcinoma; DN, dysplastic nodule; GGT, gamma
glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate transaminase; AFP, alpha-fetoprotein; MRI, magnetic resonance
imaging; SD, standard deviation.
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Table 3 Comparison of DN and eHCC features
eHCC DN P val
Characteristics value
Nodule measurement P value Nodule measurement Pvalue (HCCvs. DN)

Nodule maximum diameter (mm) #18.0 (10.5-27.6) 0.01 °16.30+4.095 (14.53-18.08) 0.20 0.11
Nodule R2* value (sec™) (NIC) °35.926+12.806 (13.5-89.2) 0.20 °176.635+87.686 (53.2-378.0) 0.12 <0.001
Background liver R2 value (sec™) (LBIC) #103.3 (54.2-360.0) 0.02 #80.20 (30.6-744.9) <0.001 0.79
NIC/LBIC °0.327+0.107 (0.087-0.618) 0.20 °1.799+0.629 (0.353-3.246) 0.18 <0.001

Data (*) are median (range), data (°) are mean + SD (range). The P value in the third and the fifth column of the table represents the P value
of normality test and homogeneity of variance test. The P value in the sixth column of the table represents the P value of DN and eHCC
comparison. P<0.05 is considered to indicate statistical significance. DN, dysplastic nodule; eHCC, early hepatocellular carcinoma; HCC,
hepatocellular carcinoma; NIC, nodule iron content; LBIC, liver background iron content; NIC/LBIC, ratio of nodule iron content to liver

background iron content; SD, standard deviation.
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Figure 2 Comparison of R2* values (NIC) and NIC/LBIC in eHCC and DN. (A) The R2* value of eHCC (red bars) (35.926+12.806 sec™')
was lower than that of DN (blue bars) (176.635+87.686 sec™), P<0.001. (B) The NIC/LBIC of eHCC (red bars) (0.327+0.107) was lower
than that of DN (blue bars) (1.799+0.629), P<0.001. NIC, nodule iron content; LBIC, liver background iron content; NIC/LBIC, ratio of

nodule iron content to liver background iron content-iron quantification; eHCC, early hepatocellular carcinoma; DN, dysplastic nodule.

(Figure 3C). DEC-MRI manifestation was as follows: arterial
phase mild hyperenhancement (Figure 3D), and washout
appearance in portal venous phase and delayed phase
(Figure 3E,3F). With Gd-Eob-DTPA enhancement,
eHCC and DN showed hepatobiliary phase (10, 20 min)
hypointensity (Figure 3G,3H). Compared with CMRI
images, the outline of the eHCC on R2* mapping was
more blurred. It tended to show slightly hyperintensity
in PDFF mapping (Figure 3I), yet low R2* value in R2*
mapping (Figure 37). Tumor surgical excision specimen
(Figure 3K) and histological images eventually confirmed
eHCC (hematoxylin eosin staining, x10) (Figure 3L).

The imaging findings of DN were similar to those of
eHCC. DN showed T1WI hyperintensity and T2WIT slight
hyperintensity (Figure 44,4B), DWI (b=800 s/mm”) showed
mild hyperintensity or isointensity (Figure 4C). DEC-MRI
manifestation was: arterial phase mild hyperenhancement
(Figure 4D), and washout appearance in portal venous phase

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and delayed phase (Figure 4E,4F). Compared with CMRI
images, the outline of the DN on R2* mapping was also
more blurred. It tended to show slightly hyperintensity
in PDFF mapping (Figure 4G), yet high R2* value in R2*
mapping (Figure 4H). With Gd-Eob-DTPA enhancement,
DN also showed hepatobiliary phase (10, 20 min)
hypointensity (Figure 41,4).

DSA examination of DN showed no tumor staining
(Figure 4K). Histological images eventually confirmed DN
(needle biopsy, hematoxylin eosin staining, x20) (Figure 4L).

NIC and NIC/LBIC diagnostic efficacy evaluation

The ROC curve was used to evaluate the diagnostic efficacy
of NIC and NIC/LBIC (Figure 5), which showed that NIC
and NIC/LBIC were effective in differential diagnosis of
eHCC and DN. The area under the curve (AUC) was 0.979
and 0.923 (P<0.001), and the cutoff value was 71.45 sec™
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Rt
VR

Figure 3 MR images in a 52-year-old man with HCC (white arrow). Mass in segment VIII with T1WI hyperintensity (A), T2WI slightly
hyperintensity (B) and DWI (b=800 s/mm?®) hyperintensity (C). DCE-MRI (D-F): arterial phase mild hyperenhancement (D), washout
appearance in portal venous phase (E) and delayed phase (F). In this case, 2 of the 3 radiologists diagnosed eHCC based on CMRI. Then,
this patient also underwent Gadoxetic acid disodium (Gd-Eob-DTPA) enhancement: hepatobiliary phase in 10 minutes (G) and 20 minutes
(H) showed mass hypointensity. IDEAL-IQ (1,]): the mass showed blur and slightly hyperintensity in PDFF mapping (I), yet low R2* value
in R2* mapping (R2* value =49.523 sec™) (J). Tumor surgical excision specimen (K). Histological images (hematoxylin and eosin staining,
x10) (L). MR, magnetic resonance; HCC, hepatocellular carcinoma; TIWI, T1-weighted imaging; T2WI, T2-weighted imaging; DWI,
diffusion-weighted imaging; DCE-MRI, dynamic contrast-enhanced MRI; eHHCC, early hepatocellular carcinoma; CMRI, conventional
MRI; Gd-Eob-DTPA, gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid; IDEAL-IQ), iterative decomposition of water and fat

with echo asymmetry and least squares estimation-iron quantification; PDFF, proton density fat fraction; MRI, magnetic resonance imaging.

and 1.275, respectively. The true positive rate was 91.3%, and NIC/LBIC (eHCC: P=0.16, DN: P=0.006).

94.3%, and the false positive rate was 87.0%, 97.1%,

respectively. . .
p Y Discussion

C isom of di " In this retrospective case-control study of 58 lesions,
omparison of diagnostic accura . ) L
P g 4 we found that it was feasible to distinguish eHCC from

The diagnostic accuracy of CMRI, NIC, and NIC/LBIC in
the diagnosis of eHCC and DN were compared (Tible 4).
The rates of CMRI, NIC, and NIC/LBIC in the diagnosis
of eHCC were 77.1%, 94.3%, and 97.1%, respectively, and
those of DN were 65.2%, 91.3%, and 87.0%, respectively.
The diagnosis rate of eHCC and DN by CMRI were lower
than NIC and NIC/LBIC (eHCC: P=0.03, 0.04, DN:
P=0.02, 0.04), and there were no differences between NIC

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

DN by IDEAL-IQ iron quantitative measurement. We
observed that the NIC and NIC/LBIC of eHCC were
lower than that of DN. Moreover, the application of NIC
and NIC/LBIC in the differential diagnosis of eHCC and
DN showed a good diagnostic efficiency. In addition, we
also compared the diagnostic accuracy of IDEAL-IQ and
CMRI, and found that IDEAL-IQ has better differential
ability. Therefore, our study confirmed that IDEAL-IQ can

Quant Imaging Med Surg 2024 | https://dx.doi.org/10.21037/qims-23-1593
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e

Figure 4 MR images in a 49-year-old man with DN (white arrow). Nodule in segment V with T1WT slightly hyperintensity (A), T2ZWI
slightly hyperintensity (B), and DWI (b=800) was blurred (C). DCE-MRI (D-F): arterial phase mild hyperenhancement (D), washout
appearance in portal venous phase (E) and delayed phase (F). In this case, all 3 radiologists diagnosed eHCC based on CMRI. IDEAL-IQ
(G,H): the nodule showed hyperintensity in PDFF mapping (G) and high R2* value in R2* mapping (R2* value =76.500 sec™) (H). This
patient also underwent Gadoxetic acid disodium (Gd-Eob-DTPA) enhancement: hepatobiliary phase in 10 minutes (I) and 20 minutes (J)
showed nodule hypointensity. DSA examination showed no tumor staining (K). Histological image (needle biopsy, hematoxylin and eosin
staining, x20) (L). MR, magnetic resonance; DN, dysplastic nodule; TIWI, T1-weighted imaging; T2WI, T2-weighted imaging; DWI,
diffusion-weighted imaging; DCE-MRI, dynamic contrast-enhanced MRI; eHHCC, early hepatocellular carcinoma; CMRI, conventional
MRI; IDEAL-IQ, iterative decomposition of water and fat with echo asymmetry and least squares estimation-iron quantification; Gd-Eob-

DTPA, gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid; MRI, magnetic resonance imaging.

be used to distinguish eHCC from DN.

Previous studies have provided strong evidence that the
occurrence of HCC is related to the decrease of endogenous
iron deposition in nodules (15,16,31,33). However, these
studies have limitations. In these studies, it was observed
that the signals of T2WI* or R2* of eHCC were different
from those of DN, but there was no quantitative analysis of
endogenous iron in nodules. The reduction of iron content
in nodules is a continuous process; eHCC is different
from advanced HCC, in which advanced HCC shows the
endogenous iron wash-out, whereas eHCC often shows a
small amount of endogenous iron wash-out (33). In most
cases, the endogenous iron content of eHCC is similar to

thast of DN. Therefore, it is difficult to distinguish eHCC

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

from DN because of their similar signal in sometimes
(Figures 34,3B,44,4B). Our study used IDEAL-IQ for iron
quantitative analysis of nodules, which can better reflect
the difference of endogenous iron between eHCC and
DN, to achieve the purpose of distinguishing eHCC from
DN. In this study, both NIC and NIC/LIBC were able to
distinguish eHCC and DN. It is known that patients with
cirrhosis are also accompanied by liver iron deposition, and
LIBC may increase the NIC measurement. NIC/LIBC can
eliminate the effect of LIBC on NIC, and NIC/LIBC may
be more reasonable than NIC for patients with severe liver
iron deposition, which needs further study.

At present, it is still challenging to distinguish eHCC
from DN by conventional non-invasive methods (such

Quant Imaging Med Surg 2024 | https://dx.doi.org/10.21037/qims-23-1593
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as CMRI and Gd-EOB-DTPA MRI). The reason is that
the MRI signal and enhancement features of DN and
eHCC overlap: DN usually shows T1WI hyperintensity
and T2WI isointensity or hypointensity, but eHCC can
also show these characteristics (34). In DCE-MRI images,
the manifestations of DN and eHCC can also be very
similar, both of them can show hyperenhancement in
the arterial phase and persistent hyperenhancement in
the portal venous phase, especially high-grade dysplastic
nodules (HGDN) are sometimes difficult to distinguish

N Eanll -
0.8
]
S 06
]
=
=
o
a
8 0.4
=
0.2 Source of the
curve
— NIC
— NIC/LBIC
— Reference line
0.0
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate
Figure 5 ROC curves of NIC and NIC/LBIC distinguish HCC
from DN. The AUC was 0.979 (95% CI: 0.949-0.992) and
0.923 (95% CI: 0.831-0.954) (P<0.01), and the cutoff value was
71.45 sec™ and 1.275, respectively. The true positive rate was
91.3%, 94.3%, and the false positive rate was 87.0%, 97.1%,
respectively. NIC, nodule iron content; LBIC, liver background
iron content; NIC/LBIC, ratio of nodule iron content to liver
background iron content; ROC, receiver operating characteristic;
HCC, hepatocellular carcinoma; DN, dysplastic nodule; AUC,

area under the curve; CI, confidence interval.

Zheng et al. IDEAL-IQ can distinguish DN from eHCC

from eHCC (34). Although Gd-EOB-DTPA-enhanced
MRI can improve the diagnostic accuracy, it is sometimes
difficult to distinguish eHCC from DN, because a portion
of eHCC show hyperintensity and DN show hypointensity
in the hepatobiliary phase, which are different from the
common manifestations of HCC and DN in hepatobiliary
phase (35). Our research also found the above phenomenon
(Figures 3,4). In view of this, our study screened these kinds
of nodules that were difficult to differentiate and used
IDEAL-IQ for differentiation. Interestingly, we found that
the diagnostic accuracy of IDEAL-IQ was better than that
of CMRIL.

IDEAL-IQ has been shown to be highly reliable in
patients with iron overload (24,25). It is often used to
evaluate liver iron overload in patients with liver cirrhosis
and hemochromatosis, but it has not been found to study
the endogenous iron content of DN and HCC. Our study
found that when CMRI is difficult to distinguish eHCC
from DN, the assistance of IDEAL-IQ can improve the
accuracy of diagnosis. However, R2* mapping of IDEAL-
1Q has an obvious disadvantage, that is, the outline of the
nodule is blurred, so it is difficult to accurately locate the
lesions on the image. Therefore, it is necessary to locate
the lesions with the help of CMRI. In this study, there
were 17 cases in which the nodules were clearly displayed
on the CMRI images, but failed to be displayed on the
IDEAL-IQ images. Even with the help of CMRI, the
nodules could also not be located, so that ROI could not be
drawn. We found that the 46 cases of IDEAL-IQ images
included in the study had no motion artifacts, whereas the
17 cases excluded had motion artifacts and could not be
displayed and located. Therefore, we estimated that motion
artifacts may be the main reason for failure to display the
lesion, and slice thickness may also be one of the reasons
affecting the display of the lesion. If motion artifacts are
suppressed and slice thickness is reduced, the lesions may
be better displayed. Recently, developed complex chemical

Table 4 Comparison of diagnostic rate between CMRI, NIC and NIC/NIBC

Diagnosis results CMRI NIC NIC/LBIC P’ P? p?
eHCC (n=35), n (%) 27 (77.1) 33 (94.3) 34 (97.1) 0.03 0.04 0.16
DN (n=23), n (%) 15 (65.2) 21(91.3) 20 (87) 0.02 0.04 0.06

Data outside brackets are diagnostic accuracy. P<0.05 is considered to indicate statistical significance. ', statistical difference
between CMRI and NIC; ?, statistical difference between CMRI and NIC/LBIC; ®, statistical difference between NIC and NIC/LBIC.
CMRI, conventional MRI; NIC, nodule iron content; NIC/LBIC, ratio of nodule iron content to liver background iron content; LBIC, liver
background iron content; eHCC, early hepatocellular carcinoma; DN, dysplastic nodule; MRI, magnetic resonance imaging.
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shift encoded (CSE)-MRI techniques that use both the
magnitude and phase of the gradient echo (GRE) signal
enable to obtain better R2* mapping images, such that
lesions may be clearly displayed and R2* values can be
measured without the help of CMRI (36).

Our study had some limitations. Firstly, this was a single
center retrospective case-control study with a small sample
size. Secondly, we only included T1WI high signal nodules
for study, and other T1WI signal nodules might also benefit
from the use of this method. In addition, the precision or
repeatability of the IDEAL-IQ had not been evaluated.
In conclusion, our study findings demonstrated that the
application of IDEAL-IQ can distinguish eHCC from DN,
which can improve the diagnostic accuracy.

Conclusions

IDEAL-IQ is an MRI method for the quantitative
measurement of iron and fat. Our findings confirm that
IDEAL-IQ can be used to differentiate DN from eHCC,
which have important clinical significance and provide a
new method for following researchers.
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