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ABSTRACT

Objective To evaluate the diagnostic performance of
iodine-enhanced multidetector CT and gadoxetic acid-
enhanced 3.0 Tesla (T) MRI for detection of hepatocellular
carcinoma of patients.

Design Retrospective, multicentre cohort study.

Setting The Gong’an County People’s Hospital, Gong'an
County, China and the First People’s Hospital of Jingzhou City,
China.

Participants Reports of CT, MRI and liver biopsies/
histopathology data of a total of 815 patients who at risk were
reviewed.

Primary and secondary outcome measures The
lesions that possessed detection in the plain scan
phase, enhanced arterial phase and/or enhanced
portal phase of CT images and the lesions that
possessed enhancements in the plain scan

phase, enhanced arterial phase, enhanced portal
phase and/or hepatobiliary phases of MRI were
considered hepatocellular carcinoma. The decision

of hepatocellular carcinoma was made based on the
current Liver Imaging and Data Reporting System for
diagnosing hepatocellular carcinoma.

Results True positive hepatocellular carcinoma

(563 vs 521, p=0.0314), true negative hepatocellular
carcinoma (122 vs 91, p=0.0275), false positive
hepatocellular carcinoma (88 vs 123, p=0.0121),
false negative hepatocellular carcinoma (42 vs 80,
p=0.0005), specificity (58.10 vs 42.52, p=0.0478)
and negative clinical utility (0.1 vs 0.073, p=0.0386)
were superior for gadoxetic acid-enhanced 3.0 T

MRI than those of iodine-enhanced multidetector CT.
Sensitivity and accuracy for gadoxetic acid-enhanced
3.0 T MRI were 93.06% and 77.40 %, respectively,
and those for iodine-enhanced multidetector CT were
86.69% and 75.09 %, respectively. Likelihood to detect
hepatocellular carcinoma for gadoxetic acid-enhanced
3.0 T MRI was 0-0.894 diagnostic confidence/lesion,
and that for iodine-enhanced multidetector CT was
0-0.887 diagnostic confidence/lesion.

Conclusion Gadoxetic acid-enhanced 3.0 T MRI
facilitates the confidence of initiation of treatment of
hepatocellular carcinoma.

Level of evidence Il

Technical efficacy stage 4.

Strengths and limitations of this study

» A retrospective study investigated the confidence of
initiation of treatment of hepatocellular carcinoma
through gadoxetic acid-enhanced 3.0 T MRI and
iodine-enhanced multidetector CT among 815 pa-
tients at the risk.

» The major finding is that the single imaging modality
for the detection of hepatocellular carcinoma is al-
ways incomplete.

» The study did not take account experiences of
observers.

» The study did not discuss intraobserver agreements.

» A retrospective analysis and lack of prospective dy-
namic study.

INTRODUCTION

In China, hepatocellular carcinoma is the
second largest cause of cancerrelated death.
Screening by imaging modalities in people at
increased risk of hepatocellular carcinoma
is decreased mortality.> MRI facilitates the
decision of treatment in hepatocellular carci-
noma.” The current guidelines are recom-
mending contrast-enhanced CT and/or
contrast-enhanced MRI for the detection of
hepatocellular carcinoma.*"” These guide-
lines are also recommending fetoprotein
measurements and ultrasound diagnosis every
6 months in high-risk patients.'" However,
diagnosis of hepatocellular  carcinoma
according to these guidelines may possess
false-negative and false-positive results,'
which are overcome by alternative imaging
methods using contrast agents'” and/or biop-
sies.*>? CT and MRI methods of diagnosis
of hepatocellular carcinoma are costly.'” In
contrast, contrast-enhanced ultrasound is
cost-effective.'* However, small hepatocellular
carcinoma has difficulties in detecting using
CT, MRI or ultrasound method(s).'® CT and
MRI are required waiting time and which is
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Criteria for hepatocellular carcinoma during
multiphase CT. (A) Plain scan phase. (B) Enhanced arterial
phase. (C) Enhanced portal phase. An arrow indicates
enhancing nodule (hepatocellular carcinoma).

Figure 1

sometimes contradicted for treatment(s). In such condi-
tions, contrast-enhanced ultrasound is the method used
for the diagnosis of hepatocellular carcinoma'® but all
imaging modalities have not satisfactory performances.
The poor diagnostic performances of the imaging modal-
ities are due to overlapping imaging features especially
for small hepatocellular carcinoma.'® Therefore, the ideal
single imaging index test is necessary, which is controver-
sial for the diagnosis of hepatocellular carcinoma.

The objectives of the retrospective analysis of cross-
sectional study were to compare the diagnostic perfor-
mance on diagnosing hepatocellular carcinoma between
iodine-enhanced multidetector CT and gadoxetic acid-
enhanced 3.0 Tesla (T) MRI of patients who at risk using
liver biopsy and pathology as the reference standard.

MATERIALS AND METHODS

Inclusion criteria

Patients who had alcoholism with liver disease, liver
cirrhosis, hepatitis B or C virus infection and/or fatty liver
and underwent CT, MRI and pathology for detection of
hepatocellular carcinoma were included in the study.

Exclusion criteria

Patients whose complete data were not available at the
institutes were excluded from analyses. Indeterminate
biopsies were not used in the analysis.

Multidetector CT scan

A 64-sliced multidetector CT scanner (SOMATOM Sensa-
tion 64; Siemens Healthineers, Forchheim, Germany) was
used for CT examinations. The examinations parameters
were 2-bmm a reconstruction thickness, 120-130 kV,
and 360-365 mA. Plain scan phase (25-40s), enhanced
arterial phase (70-95s) and enhanced portal phase (175—
1855s) phases were evaluated. A total of 1.75mL/kg (not
more than 150mL) containing 300 mg/mL concentrated

iodine (Daiichi Pharmaceutical, Tokyo, Japan) was
injected at a 3.5-4mL/s rate using a power injector
(OptiVantage; Guerbet, Villepinte, France) for contrast-
enhanced images.'”” The multidetector CT images have
performed by radiologists who had at least 7 years of
experience in hepatic imaging.

Image analysis of multiphase CT

The lesions that possessed enhancements in the plain
scan phase (figure 1A), enhanced arterial phase
(figure 1B) and/or enhanced portal phase (figure 1C)
were considered as hepatocellular carcinoma. Indicative
but non-conclusive parameters, for example, the fibrous
capsule was included. Other than these parameters were
considered benign lesions.'® Image analyses have been
performed by radiologists who had at least 7 years of
experience in hepatic imaging.

MRI scans

3.0 T MRI scanner (Skyra; Siemens Healthineers, Forch-
heim, Germany) was used for MRI scans. A total of 0.1 mL/
kg gadoxetic acid (Eovist or Primovist; Bayer HealthCare,
Berlin, Germany) was injected using a power injector.
Hepatocellular phase images were evaluated after 20 min
of injection. T1-weighted imaging, T2-weighted imaging
(T2WI), diffusion-weighted imaging (DWI), out-of-phase
imaging and hepatobiliary phase imaging were derived.
MRI scans have been performed by radiologists who had
at least 7 years of experience in hepatic imaging.

Image analysis of MRI

The lesions that possessed enhancements in the plain
scan phase (figure 2A), contrast enhancements in the
enhanced arterial phase (figure 2B), the enhanced
portal phase (figure 2C) and/or hepatobiliary phases
(figure 2D) were considered as hepatocellular carcinoma.
Indicative but non-conclusive parameters, for example,
mild hyperintensity on T2WI and nodular early enhance-
ment were included. Other than these parameters were
considered benign lesions.'® Image analyses have been
performed by radiologists who had at least 7 years of
experience in hepatic imaging.

Previously examined interpretation reports of all
imaging cases were reviewed retrospectively. The lesions
considered as hepatocellular carcinoma as long as any
of imaging feature was present. The decision of hepato-
cellular carcinoma was made based on the current Liver

Figure 2 Criteria for hepatocellular carcinoma during MRI scans. (A) Plain scan phase. (B) Enhanced arterial phase.
(C) Enhanced portal phase. (D) Enhanced hepatobiliary-specific phase. An arrow indicates enhancing nodule (hepatocellular

carcinoma).
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Imaging and Data Reporting System for diagnosing hepa-
tocellular carcinoma.

Liver biopsy and histopathology

The results of imaging modalities were confirmed by
ultrasound guided fine needle liver biopsy followed
by histopathology. Histopathological review was done
by single pathologist.

Diagnostic performance

Sensitivity, specificity,'® accuracy," positive clinical utility
and negative clinical utility for index tests were calculated
according to equations 1-5 as follows:

True positive hepatocellular carcinoma detected by index test
True positive hepatocellular carcinoma detected by index test ])
+False negative hepatocellular carcinoma detected by index test

Sensitivity =

True negative hepatocellular carcinoma detected by index test
True negative hepatocellular carcinoma detected by index test ( )
+False positive hepatocellular carcinoma detected by index test

Specificity =

True positive hepatocellular carcinoma detected by index test
+True negative hepatocellular carcinoma detected by index test (3)

Accuracy = Total numbers of lesions evaluated

Positive clinical utility = Sensitivity x Positive predictive value (4)

Negative clinical utility = Specificity X Negative predictive value

(5)

Clinical significance

The clinical significance was evaluated as a function of
beneficial score analyses. The beneficial score was evalu-
ated as per equation 6”:

_ True positive hepatocellular carcinoma detected by index test

Beneficial score Total numbers of lesions evaluated

False — positive hepatocellular carcinoma detected by index test
Total numbers of lesions evaluated

The level of diagnostic confidence above which treatment was initiated
1—The level of diagnostic confidence above which treatment was initiated

(6)

True positive hepatocellular carcinoma
Hepatocellular carcinoma was detected by index test and
by liver biopsy/histopathology.

True negative hepatocellular carcinoma
Hepatocellular carcinoma was not detected by index test
and by liver biopsy/histopathology.

False-positive hepatocellular carcinoma
Hepatocellular carcinoma was detected by index test but
not detected by liver biopsy/histopathology.

False-negative hepatocellular carcinoma
Hepatocellular carcinoma was not detected by index test
but detected by liver biopsy/histopathology.

Statistical analysis

InStat V.3.01, GraphPad Software, San Diego, California,
USA was used for statistical analyses purposes. The y” test
was performed for statistical analyses purposes. All results
were considered significant if p<0.05.

Patient and public involvement
This was a retrospective; multicentre cohort study and no
patients were involved in the study design or in setting

the research questions or the outcome measures directly.
No patients were asked for advice on interpretation or
writing of the results.

RESULTS

Study population

From 15 January 2017 to 1 May 2021, a total of 839 patients
were screened for hepatocellular carcinoma by multi-
phase CT and 3.0 T MRI at the Gong’an County People’s
Hospital, Gong’an County, Hubei, China and the First
People’s Hospital of Jingzhou City, Hubei, China. Among
them, complete data of 24 patients were not available in
the hospital records. Therefore, excluded from the anal-
ysis. CT, MRI and liver biopsies/histopathology data of a
total of 815 patients who had alcoholism, liver cirrhosis,
hepatitis B or C virus infection and/or fatty liver were
reviewed retrospectively.

Demographical and clinical conditions

Data of a total of 562 (69 %) male and 253 (31 %) female
were reviewed retrospectively. The demographical and
clinical conditions of patients before index tests are
reported in online supplemental table 1.

Diagnostic performance

Iodine-enhanced multidetector CT has reported
enhancements in the plain scan phase in 75 (9 %)
lesions, enhancements of contrast in enhanced arterial
phase in 281 (35 %) lesions, enhancements of contrast
in enhanced portal phase in 288 (35 %) lesions and no
characteristics in 171 (21 %) lesions. However, gadoxetic
acid-enhanced 3.0 T MRI has reported enhancements
in the plain scan phase in 79 (10 %) lesions, enhance-
ments of contrast in enhanced arterial phase in 271 (33
%) lesions, enhancements of contrast in enhanced portal
phase in 239 (30 %) lesions, enhancements of contrast in
enhanced hepatobiliary phases in 60 (7 %) lesions and
no characteristics in 166 (20 %) lesions. Liver biopsies
and histopathology results reported 639 (78 %) hepato-
cellular carcinoma and 176 (22 %) benign nodules. The
flow diagram of multiphase CT, 3.0 T MRI and liver biop-
sies/histopathology data which were reviewed retrospec-
tively is presented in figure 3.

Diagnostic parameters of gadoxetic acid-enhanced 3.0
T MRI were inferior to those of liver biopsy and histopa-
thology results (p<0.05 for all). True positive hepatocel-
lular carcinoma, true negative hepatocellular carcinoma,
false positive hepatocellular carcinoma, and false negative
hepatocellular carcinoma were superior for gadoxetic
acid-enhanced 3.0 T MRI than those of iodine-enhanced
multidetector CT (p<0.05 for all). Sensitivity, specificity,
accuracy, positive clinical utility and negative clinical
utility of gadoxetic acid-enhanced 3.0 T MRI were better
to those of iodine-enhanced multidetector CT (but not
statistically significant, p>0.0500 for all, X2 test). However,
diagnostic parameters of gadoxetic acid-enhanced 3.0
T MRI plus iodine-enhanced multidetector CT were
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Patients were screened for hepatocellular carcinoma (n = 839)

Excluded (n =24)
e Incomplete data (n =24)

Index test

CT, MR, and liver biopsies/ histopathology data were reviewed retrospectively (n = 815)

A 4

A 4

A 4

Iodine-enhanced
multidetector Computed
Tomography (n = 815)

Gadoxetic acid-enhanced 3.0 T

Magnetic Resonance
Imaging (n = 815)

Liver biopsies/
histopathology
(n=2815)

Analyzed (n= 815)

e Enhancements i the plain
scan phase (n = 75)

e Enhancements of contrast in
enhanced arterial phase (n =
281)

e Enhancements of contrast in
enhanced portal phase (n=
288)

e No characteristics (n = 171)

Analyzed (n =815)

Enhancements in the plain
scan phase (n = 79)
Enhancements of contrast in
enhanced arterial phase (n =
271)

Enhancements of contrast in
enhanced portal phase (n =

239)
Enhancements of contrast in
enhanced hepatobiliary

Analyzed (n = 815)

e Hepatocellular
carcinoma (n = 639)

e Benign nodule (n = 176)

phases (n = 60)
e No characteristics (n = 166)

Figure 3 The flow diagram of CT, MRI and liver biopsies, and histopathology data were reviewed retrospectively.

identical with those of liver biopsy and histopathology
results (p>0.05 for all, %* test). The details of the diag-
nostic performance of index tests are reported in table 1.

Clinical significance

Likelihood to detect hepatocellular carcinoma for liver
biopsies/histopathology was 0-1 diagnostic confidence/
lesion, that for gadoxetic acid-enhanced 3.0 T MRI plus
iodine-enhanced multidetector CT was 0-1 diagnostic
confidence/lesion, that for gadoxetic acid-enhanced 3.0
T MRI was 0-0.894 diagnostic confidence/lesion, and
that for iodine-enhanced multidetector CT was 0-0.887
diagnostic confidence/lesion. Above 0.894 diagnostic
confidence/lesion gadoxetic acid-enhanced 3.0 T MRI
had the risk of overdiagnosis and above 0.887 diagnostic
confidence/lesion, iodine-enhanced multidetector CT

had the risk of overdiagnosis. The details of the clinical
significance of the index tests are reported in figure 4.

DISCUSSION

The study found that iodine-enhanced multidetector CT
had fewer values for sensitivity, specificity and accuracy
than those of gadoxetic acid-enhanced 3.0 T MRI. The
results of diagnostic parameters of the current study were
consistent with those of a retrospective study of imaging
evaluation of hepatocellular carcinoma on patients with
have suspected liver cancer considering the Asia-pacific
clinical practice guidelines as reference standard,” a
prospective study of four different image datasets on in
cirrhotic patients considering the pathological findings
as reference standard,'® a comparative study of CT and
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—— Liver bicpsies and histopathol ogy
- - ~lodine-enhanced multidetector CT

—— Gadoxetic acid-enhanced 3.0 T MRI
"""" Todine enhanced multidetector CT plus gadoxetic acid-enhanced 3.0 T MRI

Beneficial score

Likelihood to detect hepatocellular carcinoma N

0.1 0.2 0.3 0.4

0.1

0.5 0.6 0.7 0.8 0.9 1

Level of diagnosis confidence above treatment was initiated

Figure 4 Clinical significances of the index tests.

MRI with on chronic liver diseases patients considering
the biopsy data as reference standard.” Todine-enhanced
multidetector CT has a lack of ability for differentia-
tion of dysplastic nodules from small hepatocellular
carcinoma.'® Gadoxetic acid enhances the sensitivity of
MRI.*! ** Combining hepatobiliary-phase hypointensity of
gadoxetic acid-enhanced 3.0 T MRI and hyperintensity
on DWI allows diagnosis of hepatocellular carcinoma.
Gadoxetic acid-enhanced 3.0 T MRI can better diagnose
hepatocellular carcinoma than iodine-enhanced multide-
tector CT.

Likelihood to detect hepatocellular carcinoma for liver
biopsies/histopathology and that for gadoxetic acid-
enhanced 3.0 T MRI plus iodine-enhanced multidetector
CT was the same. Combined gadoxetic acid-enhanced
3.0 T MRI and iodine-enhanced multidetector CT had
almost the same diagnostic parameters as those of liver
biopsies/histopathology to detect hepatocellular carci-
noma. The results of the combined index tests of the
current study were consistent with those of a retrospec-
tive study,” a prospective study of three different image
datasets on population of cirrhotic patients considering a
composite algorithm as reference standard,** and obser-
vation study on CT and MRI*> However, integrated inter-
pretation across imaging modalities is not allowed by
the current Liver Imaging and Data Reporting System,'’
the European Association for the Study of the Liver and
he American Association for the Study of Liver Diseases
recommendations.”* Therefore, the combination of
gadoxetic acid-enhanced 3.0 T MRI and iodine-enhanced
multidetector CT is not valid.

Gadoxetic acid-enhanced 3.0 T MRI and iodine-
enhanced multidetector CT both reported false-positive
and false-negative hepatocellular carcinoma. The hepatic
arterioportal shunt can show arterial phase hyperen-
hancement without washout and/or focal hyperinten-
sity on T2WI of the liver.” Blood flow distribution, liver
cirrhosis and hepatic parenchymal distortion can show
enhancements of benign liver nodules.”® The hepatocel-
lular carcinoma was not detected because the imaging
method detected intermediate nodules instead of

hepatocellular carcinoma.'® Also, small hepatocellular
carcinomas do not show enhancement after washout.**
The results of false predictive values of the current study
were consistent with those of a retrospective study.” The
single imaging modality for the detection of hepatocel-
lular carcinoma is always incomplete.

The likelihood to detect hepatocellular carcinoma
for gadoxetic acid-enhanced 3.0 T MRI was higher than
that of iodine-enhanced multidetector CT. The results of
the likelihood to detect hepatocellular carcinoma of the
current study were consistent with those of a retrospective
study.” Gadoxetic acid-enhanced 3.0 T MRI facilitates the
confidence of initiation of treatment of hepatocellular
carcinoma in the patients at the risk.

Sensitivity, accuracy and positive clinical utility among
the diagnostic parameters were superior for gadoxetic
acid-enhanced 3.0 T MRI than those of iodine-enhanced
multidetector CT but there were no significant differences
between them. Detection of hepatocellular carcinoma by
imaging modalities was depended on multiple factors, for
example, the scanning parameters, scanning sequence,
contrast agents (gadoxetic acid or iodine), type of lesion
(eg, nonsuspicious benign lesions) and lesion sizes.”” A
further study is required to evaluate imaging modalities
considering such factors.

The study makes valid observations and the results
could be useful to readers in selecting appropriate proce-
dures in screening patients with hepatocellular carci-
noma. However, there are several limitations of the study,
for example, retrospective analysis and lack of prospec-
tive dynamic study. Although gadoxetic acid-enhanced
1.5 T MRI is cost-effective than that of 3.0 T MRI,28 the
study did not use 1.5 T gadoxetic acid-enhanced MRI.
The possible justification for the same is that gadoxetic
acid-enhanced 3.0 T MRI has better detection and quality
images for smaller lesions.” The sampling errors of liver
biopsies following histopathology®! were not taken into
account. Fine-needle aspiration cytopathology has severe
limitations in low grade/early hepatocellular carcinoma.
The experiences of readers have effects over the results
of gadoxetic acid-enhanced 3.0 T MRI*” but the study did
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not take account experiences of observers and did not
discuss intraobserver agreements.

CONCLUSIONS

The study investigates the detection of hepatocellular
carcinoma with help of dynamic contrast in the CT and
MRI. Gadoxetic acid-enhanced 3.0 T MRI can better diag-
nose hepatocellular carcinoma than iodine-enhanced
multidetector CT. Although the likelihoods to detect
hepatocellular carcinoma for liver biopsies/histopa-
thology and that for gadoxetic acid-enhanced 3.0 T MRI
plus iodine-enhanced multidetector CT are the same, the
combination of gadoxetic acid-enhanced 3.0 T MRI and
iodine-enhanced multidetector CT is not valid. Gadox-
etic acid-enhanced 3.0 T MRI facilitates the confidence of
initiation of treatment of hepatocellular carcinoma in the
patients at the risk.
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