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INTRODUCTION: Liver fibrosis stage is one of the most important factors in stratifying the risk of developing

hepatocellular carcinoma (HCC). We evaluated the usefulness of liver stiffness measured by magnetic

resonance elastography (MRE) to stratify the risk of developing HCC in patients who underwent MRE

before receiving direct-acting antivirals (DAAs) and subsequently achieved sustained virological

response (SVR).

METHODS: A total of 537 consecutive patients with persistent hepatitis C virus who underwent initial MRE before

DAA therapy and achieved SVRwere enrolled. Factors associated withHCC development were analyzed

by univariate and multivariate Cox proportional hazards models.

RESULTS: Albumin-bilirubin score ‡22.60 (adjusted hazard ratio [aHR] 6.303), fibrosis-4 (FIB-4) score >3.25
(aHR 7.676), and MRE value ‡4.5 kPa (aHR 13.190) were associated with HCC development

according to a univariate Cox proportional hazards model. A multivariate Cox proportional hazards

model showed that an MRE value ‡4.5 kPa (aHR 7.301) was the only factor independently associated

with HCC development. Even in patients with an FIB-4 score >3.25, the cumulative incidence rate of

HCCdevelopment in thosewith anMRE value<4.5 kPawas significantly lower than that in patientswith

an MRE value ‡4.5 kPa.

DISCUSSION: Liver stiffnessmeasured byMREbefore DAA therapy was an excellentmarker for predicting subsequent

HCC development in patients with hepatitis C virus infection who achieved SVR. The same results were

observed in patients with high FIB-4 scores.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a major global public health
issue, with an estimated prevalence of 2.8% worldwide, and he-
patocellular carcinoma (HCC) is the leading cause of death in
patients with HCV infection (1). The introduction of oral direct-
acting antivirals (DAAs) for HCV infection has dramatically
increased the number of patients who are eligible for antiviral
therapy, and extremely high response rates can be achieved (2,3).
HCV eradication with DAA treatment also reduces liver-related
morbidity, extrahepatic liver manifestations, and overall mor-
tality (4,5). However, despite the eradication of HCV, a sub-
stantial absolute risk of HCC persists after sustained virological

response (SVR), especially in patients with advanced fibrosis;
therefore, continued surveillance is necessary (6–8). It is impor-
tant to determine how long patients remain at high risk of HCC
after SVR and for how long theymight benefit fromongoingHCC
surveillance in clinical practice.

Liver fibrosis stage is one of the most important factors in
stratifying the risk of HCC development. The gold standard for
assessing hepatic fibrosis is liver histology based on liver biopsy.
However, liver biopsy is limited by its invasive nature, poor pa-
tient acceptance, and sampling errors (9–12). Several noninvasive
modalities, including transient elastography (TE), magnetic res-
onance elastography (MRE), and serum markers such as the
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aspartate aminotransferase (AST)-to-platelet ratio index (APRI)
and fibrosis-4 (FIB-4 index) (12,13), have been proposed for
detecting liver fibrosis with the goal of decreasing the need for
liver biopsy. MRE is an emerging technique that estimates tissue
stiffness distribution using MRI-based wave imaging in the liver.
Recent MRE studies reported highly accurate fibrosis detection,
although there are less published data than for TE (14–17). Liver
stiffness measured by MRE is a noninvasive procedure for
assessing liver fibrosis stage, and it accurately detects portal hy-
pertension (18). Liver stiffness measurement has also been pro-
posed for evaluating the effects of antiviral treatments on liver
inflammation and fibrosis, representing a possible alternative to
liver histology (19).

In this study, we evaluated the usefulness of liver stiffness
measured by MRE to stratify the risk of developing HCC in pa-
tients who underwent MRE before receiving DAA therapy and
subsequently achieved SVR.

MATERIALS AND METHODS
Ethics

This cohort study, which was part of a clinical trial (study regis-
tration number UMIN000017020), was conducted to measure
changes in liver stiffness using MRE in patients who achieved
HCV eradication after DAA therapy. The study was approved by
our Institutional Review Board (20190627-h-2) and was per-
formed in compliance with the Helsinki Declaration. Written
informed consent was obtained from all participating patients.

Study population

A total of 939 consecutive patients with persistent HCV infection
underwent MRE between 2015 and 2019 (2,793 total MRIs).
Seven hundred eighty-five patients received an initialMREbefore
DAA therapy, and of these, 537met the following criteria: (i) SVR
after DAA therapy; (ii) no history of HCC therapy at the time of
the first MRE; (iii) follow-up duration of 1 or more year after the
first MRE; (iv) no HCC within 1 year after the date of the first
MRE in patients who achieved SVR; and (v) no other causes of
chronic liver disease (hepatotoxic drugs, autoimmune hepatitis,
primary biliary cholangitis, hemochromatosis, and Wilson dis-
ease, Figure 1).

All patients were followed up at least every 6 months, and
laboratory testing and ultrasound were performed at every visit.
Alanine aminotransferase (ALT), AST, gamma-glutamyl trans-
peptidase, platelet count, albumin, total bilirubin, alkaline
phosphatase, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglycerides, creatinine, estimated glo-
merular filtration rate (eGFR) (20), alpha-fetoprotein (AFP), lens
culinaris agglutinin–reactive fraction of AFP (AFP-L3%), and
des-carboxy prothrombinweremeasured at every visit. The FIB-4
index was calculated by the following formula: AST concentra-
tion (IU/L) 3 age (years)/(platelet count [109/L] 3 ALT
concentration1/2 [IU/L]) (13). We used previously published
cutoff values for the FIB-4. Patients with an FIB-4 value ,1.45
were classified as having no ormoderate fibrosis, while those with
an FIB-4 value.3.25 were defined as having extensive fibrosis or
cirrhosis (21). The albumin-bilirubin (ALBI) grade was calcu-
lated using the following linear equation: (log10 bilirubinmmol/L
3 0.66) 1 (albumin/L 3 20.085) (22). The continuous linear
predictor was further categorized into 3 different grades for
prognostic stratification purposes, as previously described: grade
1 (less than 22.60), grade 2 (between 22.60 and 21.39), and
grade 3 (above 21.39) (22). AFP, AFP-L3%, and des-carboxy
prothrombin were all determined using the same serum sample
from each patient. The measurements of all 3 biomarkers were
performed using microchip capillary electrophoresis and a
liquid-phase binding assay on a mTAS Wako i30 autoanalyzer
(Wako Pure Chemical Industries, Osaka, Japan) (23). Diabetes
mellitus was diagnosed based on the criteria of the American
Diabetes Association (24): (i) random plasma glucose$ 200 mg/
dL, (ii) fasting plasma glucose $ 126 mg/dL, or (iii) use of any
antihyperglycemic medications. Excessive alcohol intake was
defined as consumption of more than 80 g/d of pure ethanol (25).
Dyslipidemia was defined as triglycerides $ 150 mg/dL, high-
density lipoprotein cholesterol , 40 mg/dL, low-density lipo-
protein cholesterol $ 140 mg/dL, or treatment with lipid-
loweringmedication. HCC surveillance was performed every 3–6
months according to the Japanese HCC guidelines (26). The di-
agnosis of HCC was based on the following imaging character-
istics, defined by the guidelines of the European Association for
the Study of the Liver or the American Association for the Study

Figure 1. Flowchart of patient selection. DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; SVR, sustained
virological response.
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Table 1. Baseline patient characteristics

Factors All (n5 567)

Development of HCC

No (n5 549) Yes (n 5 18) P

Age (yr) 72 (65 to 79) 72 (65 to 78) 73 (67 to 81) 0.032

Sex (female) 314 (55.4) 306 (55.7) 8 (44.4) 0.349

Alcohol abuse 22 (3.9) 22 (4.0) 0 (0.0) 1.000

Diabetes mellitus 398 (70.4) 383 (70.0) 15 (83.3) 0.298

Dyslipidemia 389 (68.4) 376 (68.5)/173 (31.5) 0 (0.0) 1.000

BMI (kg/m2) 22.6 (20.5 to 25.1) 22.6 (20.5 to 25.2) 22.8 (20.5 to 24.2) 0.999

AST (IU/mL) 30 (23 to 46) 30 (23 to 45) 32 (26 to 73.8) 0.232

ALT (IU/mL) 25 (16 to 46) 25 (16 to 45) 24 (14 to 49) 0.928

Platelet count (3104/mL) 16.5 (12.3 to 21.2) 16.7 (12.7 to 21.2) 12.1 (7.7 to 13.8) ,0.001

FIB-4 score 2.70 (1.85 to 4.07) 2.63 (1.83 to 3.90) 5.39 (4.17 to 7.96) ,0.001

FIB-4 index

,1.45 82 (14.5) 82 (14.9) 0 (0.0) 0.001

1.45–3.25 269 (47.4) 266 (48.5) 3 (16.7)

.3.25 216 (38.1) 201 (36.6) 15 (83.3)

gGTP (IU/mL) 24 (16 to 43) 24 (16 to 43) 30 (18 to 46) 0.430

Total bilirubin (mg/dL) 0.7 (0.5 to 0.9) 0.7 (0.5 to 0.9) 0.9 (0.6 to 1.3) 0.015

Albumin (g/dL) 4.3 (4.1 to 4.5) 4.3 (4.1 to 4.5) 4.0 (3.8 to 4.2) 0.003

ALBI score 22.97 (23.17 to22.74) 23.00 (23.17 to 22.77) 22.66 (22.76 to 22.35) 0.001

ALBI grade

1 478 (85.9) 477 (86.9) 10 (55.6) 0.001

2, 3 80 (14.1) 72 (13.1) 8 (44.4)

ALP (IU/mL) 258 (206 to 322) 256 (206 to 320) 306 (221 to 374) 0.105

HbA1c (%) 6.0 (5.7 to 6.6) 6.0 (5.6 to 6.5) 6.1 (5.8 to 6.4) 0.354

Total cholesterol (mg/dL) 222 (198 to 248) 223 (199 to 249) 208 (190 to 223) 0.052

Triglyceride (mg/dL) 149 (108 to 210) 150 (109 to 210) 134 (96 to 201) 0.430

HDL-C (mg/dL) 40 (33 to 49) 40 (33 to 49) 37 (30 to 47) 0.496

LDL-C (mg/dL) 131 (112 to 155) 131 (112 to 156) 127 (102 to 140) 0.151

Creatinine (mg/dL) 0.69 (0.59 to 0.83) 0.68 (0.59 to 0.83) 0.76 (0.62 to 0.89) 0.184

eGFR (mL/min/1.73 m2) 73.5 (61.0 to 86.8) 73.6 (61.0 to 86.8) 68.1 (61.0 to 82.2) 0.375

Genotype

1 394 (69.5) 379 (69.0) 15 (83.3) 0.258

2 173 (30.5) 170 (31.0) 3 (16.7)

HCVRNA (log IU/mL) 6.2 (5.6 to 6.5) 6.2 (5.5 to 6.5) 6.2 (5.8 to 6.4) 0.835

AFP (ng/mL) 2.8 (1.8 to 5.1) 2.8 (1.7 to 5.0) 5.7 (3.1 to 14) 0.004

AFP-L3 (%) 0.5 (0.5 to 0.5) 0.5 (0.5 to 0.5) 1.9 (0.5 to 4.9) ,0.001

DCP (mAU/mL) 15 (12 to 19) 15 (12 to 19) 16 (13 to 21) 0.219

First MRE value (kPa) 3.1 (2.6 to 4.2) 3.1 (2.5 to 4.0) 5.6 (4.6 to 6.18) ,0.001

Second MRE value (kPa) 2.8 (2.4 to 3.7) 2.8 (2.4 to 3.5) 4.7 (3.4 to 5.4) ,0.001

PDFF (%) 2.2 (1.6 to 3.40) 2.2 (1.6 to 3.5) 2.3 (1.6 to 2.5) 0.334

PDFF . 5.2% 72 (12.9) 72 (13.1) 1 (5.6) 0.493
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of Liver Disease: arterial hypervascularity and venous or delayed-
phase washout by contrast-enhanced dynamic computed to-
mography or magnetic resonance imaging (27,28). Observation
was started on the day of the first MRE, which was performed
before DAA treatment was initiated, and was terminated on the
day of HCC diagnosis or the last visit.

Assessment of liver stiffness and steatosis using MRI

Within 4 weeks before the start of DAA therapy, all patients
underwent the first MRE examination using a 3.0-T whole-body
MRI system equipped with an anterior array coil as the receiver
coil, and the data were analyzed by the geometry-embracing
method (Discovery MR 750 W 3.0 T; GE Healthcare Japan,
Tokyo, Japan). Four hundred thirty-six patients underwent the
second MRE when SVR was confirmed. Liver stiffness was eval-
uated using MRE, which was performed as follows: Continuous
longitudinal mechanical waves (60 Hz) were generated using a
passive acoustic driver placed against the anterior chest wall. A
two-dimensional spin-echo planar MRE sequence was used to
acquire axial wave images with the following parameters: repe-
tition time/echo time, 1,000/59.3–236 ms; continuous sinusoidal
vibration, 60 Hz; field of view, 42 cm; matrix size, 64 3 64; flip
angle, 90°; section thickness, 7 mm; 4 evenly spaced phase offsets;
and 4 pairs of 60-Hz trapezoidal motion-encoding gradients with
zeroth- and first-order moment nulling along the through-plane
direction. All processing steps were automatic, with no manual
intervention, and yielded quantitative images of tissue shear
stiffnesswithmeasurements defined in kilopascals (kPa). On each
section of the magnetic resonance magnitude image from MRE
acquisition, regions of interest were drawn to include only the
parenchyma of the liver, avoiding the liver edges and large blood
vessels. Regions of interest also excluded areas where the phase
signal-to-noise ratio (ratio of wave amplitude to noise in the wave
images) was less than 5.

Liver steatosis was evaluated using the proton density fat frac-
tion (PDFF), which was measured as described below using a
modifiedDixonmethodwith advanced processing (IDEAL IQ;GE
Healthcare) (29–31). A fast gradient echo sequence was used to
acquire in-phase and out-of-phase images in the axial plane with
the following parameters: repetition time/echo times, 7.7/1–5.1ms;
flip angle, 4°; matrix size, 1603 160; section thickness, 7 mm; field
of view, 38 cm; fractional phase field of view, 0.75–1; 1 signal
acquired; bandwidth, 111.11 kHz; and imaging time, 2 breath holds
(approximately 23 s each). Similar to the regions of interest drawn
for liver stiffness measurements, new regions of interest were
drawn on the in-phase and out-of-phase images for PDFF mea-
surements. The PDFF was calculated as reported previously

(29–31). Liver stiffness and PDFFmeasurements were analyzed by
a radiologist (Y.S.) who specialized in hepatology and was blinded
to each patient’s clinical data. Regarding steatosis, the presence of
fatty liver (steatosis affecting$ 5%of hepatocytes (32))was defined
as a PDFF$5.2%, based on a previous report (33). In addition, the
PDFF cutoff values for diagnosing steatosis grades$1,$2, and$3
were 5.2%, 11.3%, and 17.1%, respectively (33). Steatosis affecting
,5%, 5–33%, 33–66%, and.66% of hepatocytes was classified as
grades 0, 1, 2, and 3, respectively (34).

Statistical analysis

Continuous variables are expressed as medians (the first to third
quartiles). The Mann-Whitney U test was used to assess contin-
uous variables. The x2 test with the Fisher exact test was used for
categorical variables.

Univariate and multivariate Cox proportional hazards models
were used to analyze factors associated with HCC development.
The Cox proportional hazards models comprised the following 11
parameters: age ($65 vs ,65 years) (35), sex (female vs male),
presence or absence of diabetes mellitus, presence or absence of
excessive alcohol intake (pure ethanol $ 80 g/d), presence or ab-
sence of dyslipidemia, bodymass index ($25 vs,25 kg/m2), HCV
genotype (type 1 vs type 2), ALBI score (,22.60 vs$22.60) (22),
FIB-4 score (#3.25 vs.3.25) (21), AFP (,5 vs$ 5 ng/mL) (36),
eGFR ($60 vs,60 mL/min/1.73 m2) (20), and MRE value.

Statistical significance was defined as P , 0.05. All statistical
analyses were performed with EZR (version 1.52, Saitama Med-
ical Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (R Foundation for Statistical
Computing, Vienna,Austria) (37).More precisely, it is amodified
version of R commander designed to add statistical functions
frequently used in biostatistics. The analysis used the survi-
valROC package, written using R, or performance assessment
with time-dependent receiver operating characteristic (ROC)
curve estimation.

RESULTS

Baseline characteristics of patients with and without

HCC development

Table 1 shows the baseline characteristics of patients with and
without HCC development. HCCwas diagnosed histologically in
9 cases (resected specimens, 7 cases; liver biopsy, 2 cases) and by
typical imaging findings in 9 cases (27,28). The mean maximum
tumor diameter was 1.6 cm (1.0–2.3), and 17 of 18 tumors were
solitary nodules. PatientswithoutHCCdevelopment had a higher
platelet count (P , 0.001) and albumin level (P 5 0.003). By
contrast, patients with HCC development had a higher age (P5

Table 1. (continued)

Factors All (n5 567)

Development of HCC

No (n 5 549) Yes (n 5 18) P

Time from first MRE to HCC diagnosis 2.84 (1.82 to 3.91)

Follow-up period (yr) 3.65 (2.80 to 4.06) 3.61 (2.72 to 4.04) 4.20 (3.98 to 4.42) ,0.001

Continuous values are expressed as medians (the first to third quartiles).
AFP, alpha-fetoprotein; AFP-L3, lens culinaris agglutinin–reactive AFP; ALBI, albumin-bilirubin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; DCP, des-gamma-carboxy prothrombin; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HCC,
hepatocellular carcinoma; HCL-C, high-density lipoprotein cholesterol; HCVRNA, hepatitis C virus RNA; HDL, high-density lipoprotein; kPa, kilopascal; LDL-C, low-density
lipoprotein cholesterol; MRE, magnetic resonance elastography; PDFF, proton density fat fraction; gGTP, gamma-glutamyl transpeptidase.
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0.032), FIB-4 score (P, 0.001), total bilirubin level (P5 0.015),
ALBI score (P 5 0.001), AFP level (P 5 0.004), AFP-L3% (P ,
0.001), and first and second MRE values (P , 0.001).

The optimal cutoff point of the first MRE value for predicting
HCC development was determined using a univariate Cox pro-
portional hazards model (Figure 2a). The highest hazard ratio
(HR) of 13.190 (95% confidence interval [CI] 4.331–40.160, P,
0.0001) was achieved with a cutoff value of 4.5. The optimal cutoff
point of the second MRE value for predicting HCC development
was also ascertained with a univariate Cox proportional hazards
model (Figure 2b). In this case, the highest HRwas 8.167 (95%CI
3.063–20.340, P, 0.0001) when the cutoff value was 4.0. In this
study, we used a first MRE value of 4.5 as the cutoff value.

Figure 3 shows the time-dependent ROC curve estimation of
theMRE value and FIB-4 score at the date of the first MRE before
DAA treatment. The areas under the ROC curves for the MRE
value and FIB-4 score were 0.883 (95%CI 0.823–0.943) and 0.870
(95% CI 0.791–0.949) at 2 years, respectively, 0.893 (95% CI
0.845–0.940) and 0.861 (95% CI 0.794–0.928) at 3 years, re-
spectively, and 0.858 (95% CI 0.770–0.947) and 0.818 (95% CI
0.728–0.908) at 4 years, respectively, indicating no significant
difference at any time point. However, the areas under the ROC
curves of theMRE valuewere always higher than those of the FIB-
4 score.

Factors associated with HCC development

Table 2 shows the factors associated with HCC development. The
analyzed factors were age, sex, alcohol abuse, body mass index,
diabetes mellitus, HCV genotype, ALBI score, FIB-4 score, AFP,
eGFR, and MRE value. ALBI score$22.60 (adjusted HR [aHR]
6.303, 95% CI 2.474–16.060, P 5 0.0001), FIB-4 score .3.25
(aHR 7.676, 95% CI 2.220–26.550, P 5 0.0012), and MRE value
$4.5 kPa (aHR 13.190, 95% CI 4.331–40.160, P , 0.0001) were
associated with HCC development according to a univariate Cox
proportional hazards model. A multivariate Cox proportional

hazards model showed that an MRE value$4.5 kPa (aHR 7.301,
95% CI 1.994–26.730, P 5 0.0027) was the only factor that was
significantly associated with HCC development.

Cumulative incidence rates of HCC development according to

MRE value

Figure 4a shows that the cumulative incidence rates of HCC de-
velopment in patients whose MRE values were ,4.5 kPa and
$4.5 kPa were 0.0% and 4.6% at 2 years, respectively, and 0.6%
and 14.2% at 4 years, respectively, indicating a significant dif-
ference (log-rank test, P , 0.0001). Figure 4b shows that the
cumulative incidence rates of HCC development in patients with
an FIB-4 score . 3.25 and MRE values ,4.5 kPa and $4.5 kPa
were 0.0% and 6.1%at 2 years, respectively, and 1.0% and16.7% at

Figure 2. Hazard ratio of various cutoff values for the first and second MREs. (a) Hazard ratio of various cutoff values for the first MRE. (b) Hazard ratio of
various cutoff values for the second MRE. MRE, magnetic resonance elastography.

Figure 3. Time-dependent areas under the receiver operating character-
istic curves of MRE values and FIB-4 scores. FIB-4, fibrosis-4; MRE,
magnetic resonance elastography.
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4 years, respectively, indicating a significant difference (log-rank
test, P 5 0.0004). The cumulative incidence rates of HCC de-
velopment in patients with an FIB-4 score#3.25 andMRE values
,4.5 kPa and $4.5 kPa showed no significant difference.

DISCUSSION
In this study, the liver stiffness value obtained by MRE was a
significant predictive factor for the development of HCC. Liver
stiffness as evaluated by MRE is influenced by the degree of both

liver fibrosis and necroinflammatory activity. ElevatedALT levels
corresponding to necroinflammatory activity are known to de-
cline significantly from baseline to SVR (38). Therefore, Higuchi
et al. (39) adopted MRE values at SVR that were minimally af-
fected by necroinflammation and demonstrated that liver stiff-
ness was an independent predictor of HCC development. We
performed MRE before DAA therapy and at the time of SVR
confirmation to determine what MRE value would be useful for
predicting HCC development. TheMRE value at the time of SVR

Table 2. Factors associated with hepatocarcinogenesis

Factors

Univariate Multivariate

Crude HR 95% CI P Adjusted HR 95% CI P

Age

,65 yr 1

$65 yr 1.157 0.421–5.046 0.5525

Sex

Female 1

Male 1.675 0.661–4.247 0.2773

Alcohol abuse

Absent 1

Present 0.000 0.000–Infinity 0.9972

BMI

,25 kg/m2 1

$25 kg/m2 0.398 0.091–4.739 0.2208

Diabetes mellitus

Absent 1

Present 2.223 0.643–7.688 0.2063

Genotype

Type 1 1

Type 2 0.4857 0.140–1.685 0.2551

ALBI score

,22.60 1

$22.60 6.303 2.474–16.060 0.0001

FIB-4 score

#3.25 1

.3.25 7.676 2.220–26.550 0.0012

AFP

,5 ng/mL 1

$5 ng/mL 2.59 1.026–6.536 0.0439

eGFR

$60 mL/min/1.73 m2 1

,60 mL/min/1.73 m2 1.066 0.350–3.252 0.9103

MRE a

,4.5 kPa 1 1

$4.5 kPa 13.190 4.331–40.160 ,0.0001 7.301 1.994–26.730 0.0027

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; kPa,
kilopascal; MRE, magnetic resonance elastography.
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was 0.3 kPa lower than that before DAA therapy. However, there
was no difference in the predictive ability between the 2 values.
For this reason, we used the MRE value before DAA therapy to
analyze carcinogenicity.

Several studies have reported optimum cutoff values for
evaluating the degree of fibrosis and for predicting HCC de-
velopment (39–41). Ichikawa et al. performed hepatic fibrosis
staging with MRE using the Bayesian method (40). They pro-
posed optimal cutoff values of 3.0 kPa for discriminating MET-
AVIR stage $F2 from F0–F1, 3.7 kPa for discriminating $F3
from,F2, and 4.7 kPa for discriminating F4 from, F3 (42). Lee
et al. (41) used the minimal P value approach based on the log-
rank test static to determine that the cutoff stiffness values that
predicted overall survival, development of hepatic de-
compensation, and the occurrence of HCC were 4.44 kPa, 4.46
kPa, and 5.53 kPa, respectively (41). In our study, we selected 4.5
kPa as the optimal cutoff value using univariate Cox proportional
hazards models. This value is similar to that reported by Lee et al.

A univariate Cox proportional hazardsmodel showed that the
factors associated with HCC development were a high ALBI
score, high FIB-4 score, and highMRE value. The ALBI score is a
marker of hepatic function. In our previous study, ALBI grade 2
or 3 was associated with an increased incidence of HCC de-
velopment (43). The FIB-4 score, an accurate, inexpensive, and
noninvasive marker of hepatic fibrosis in HCV-infected patients,
is highly advantageous in that it is available to all clinical prac-
titioners. Many reports have suggested that the risk of HCC is
positively correlated with baseline FIB-4 scores (44–46). In this
study, however, a multivariate Cox proportional hazards model
showed that theMRE value was the only factor associated with an
increased probability of HCC development.

The cumulative incidence rate of HCC occurrence in patients
with anMRE value$4.5 kPa was significantly higher than that in
patients with anMRE value,4.5 kPa (Figure 4a), even if the FIB-

4 score was .3.25 (Figure 4b). Thus, the measurement of liver
stiffness byMREwas considered to be superior to the FIB-4 score,
a simple and noninvasive fibrosis marker. Higuchi et al. reported
that for predicting HCC development, an MRE value$ 3.75 kPa
was associated with an HR of 5.06 (95% CI 1.42–19.1, P5 0.01)
compared with an MRE value ,3.75 kPa (39). Ichikawa et al.
reported that the incidence rates of HCC development at 3 years
for MRE values of ,3.0 kPa, 3.0–4.7 kPa, and .4.7 kPa were
15.4%, 27.8%, and 42.7%, respectively, and there was a significant
difference between groups (P , 0.0009) (40). By contrast, Ana-
parthy et al. (47) reported that there was no significant difference
in liver stiffness of the background parenchyma in patients with
compensated cirrhosis with or without HCC. Although the
control patients with compensated cirrhosis in that report were
matchedwith noncontrol patients by sex and disease etiology, age
was not matched and follow-up results for the control patients
were not shown. If close follow-up is performed in the control
patients, HCC will probably occur at a high rate. Therefore, we
believe that analyses that do not take temporal changes into
consideration are not suitable.

MRE is currently the most accurate noninvasive technique for
the detection and staging of liver fibrosis (48–50). Several studies
have demonstrated that the diagnostic performance of MRE is
superior to that of TE, point shear wave elastography, and two-
dimensional shear wave elastography (50,51). In particular, MRE
is notable for its ability to accurately diagnosemild fibrosis, which
is difficult using other techniques such as TE (52).MRE results are
highly reproducible and have excellent interobserver agreement,
due in part to the fact that sampling error is limited by the large
volume of liver that is assessed (51,53–56), andMRE findings are
superior to morphological features for diagnosing cirrhosis
(50,57). MRE also performs better than ultrasound elastography
for diagnosing fibrosis in obese patients, with fewer non-
diagnostic cases, and is able to detect fibrosis throughout the liver.

Figure 4. Cumulative incidence of HCC development in patients with MRE , 4.5 kPa and MRE $ 4.5 kPa. (a) All patients. (b) Patients with an FIB-4
score. 3.25. FIB-4, fibrosis-4; HCC, hepatocellular carcinoma; MRE, magnetic resonance elastography.
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Furthermore, MRE has shown a higher technical success rate
than TE.

Our study has several limitations. First, MRE has a number of
drawbacks. The current clinicalMRE sequence (two-dimensional
gradient echo) may fail in patients with moderate to severe he-
patic iron deposition, which contributed to a failure rate of 4.3%
in 1 meta-analysis (50). None of the patients in this study dem-
onstrated excessive iron deposits. MRE may also yield limited
results in patients who cannot hold their breath. Breath-holding
time can be reduced by decreasing thefield of viewor reducing the
matrix size at the cost of resolution to obtainmore accurate results
(48). Second, the follow-up periods in this study were relatively
short; their median durations in patients with and without HCC
development were 2.83 years and 3.61 years, respectively. Longer
follow-up periods should be used in the future. Third, MRE is
more costly and time-consuming than TE and is therefore not
applicable on a large scale. A simpler and more accurate method
for measuring liver stiffness is needed.

In conclusion, liver stiffness measured by MRE before DAA
therapy was an excellent marker for predicting subsequent HCC
development in patients with HCV infection who achieved SVR,
even in patients with high FIB-4 scores.
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