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Abstract

Objectives To compare the diagnostic performance of gadoxetic acid-enhanced magnetic resonance imaging (MRI), ultra-
sonography (US)—based elastography, and serologic fibrosis markers in assessing the stage of liver fibrosis.

Materials and methods This retrospective study included 67 patients (55 male and 12 female; mean age 62.5 years) who
underwent gadoxetic acid-enhanced MRI and liver stiffness measurements before liver biopsy or surgery between January
2014 and January 2018. Measurements were performed using transient elastography (TE), ultrasound shear wave elastography
point quantification (ElastPQ), and blood tests. The following MRI-based fibrosis markers were assessed: contrast enhance-
ment index (CEI), liver—spleen contrast ratio (LSC), liver—portal vein contrast ratio (LPC), and signal intensity ratio (SIR).
The diagnostic performances of fibrosis markers were compared using the area under the receiver operating characteristic
curve (AUC), with histopathologic fibrosis stage as the reference standard.

Results The fibrosis stages were FO-F1 (n=17), F2 (n="7), F3 (n=20), and F4 (n=23). MRI-based fibrosis markers
negatively correlated with histologic stage: CEI (r=-0.786); LSC (r=-0.718); LPC (r=-0.448); and SIR (r=-0.617;
all P<0.001). For diagnosis of either significant liver fibrosis (>F2) or cirrhosis (F4), the CEI provided better diagnostic
accuracy (AUC=0.898 and 0.881) than the aspartate aminotransferase-to-platelet ratio index (APRI) (AUC=0.699 and
0.715; all P<0.05). The CEI displayed similar diagnostic accuracy for > F2 or F4 when using TE (AUC =0.866 and 0.884,
both P> 0.05) or ElastPQ [AUC=0.751 (P=0.021) and AUC=0.786 (P=0.234)].

Conclusions The CEI measured by gadoxetic acid-enhanced MRI allows the staging of liver fibrosis, with a diagnostic
accuracy comparable to that of TE and superior to that of ElastPQ or APRIL

Keywords Gadoxetic acid - Magnetic resonance imaging - Liver cirrhosis - Fibrosis - Elastography

Abbreviations ElastPQ Ultrasound shear wave elastography point
MRI Magnetic resonance imaging quantification
TE Transient elastography CEI Contrast enhancement index
LSC Liver—spleen contrast ratio
LPC Liver—portal vein contrast ratio
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AUC Area under the receiver operating characteristic
curve

APRI Aspartate aminotransferase-to-platelet ratio
index

US Ultrasound

MRE Magnetic resonance elastography

AST Aspartate aminotransferase

SD Standard deviation

HBP Hepatobiliary phase

PACS Picture archiving and communication system

ROI Region-of-interest

CBD Common bile duct

SI Signal intensity
ROC Receiver operating characteristic

Introduction

Staging of liver fibrosis is important for the clinical man-
agement of patients with chronic liver disease because
progression of liver fibrosis is associated with a worsening
prognosis and an increased risk of developing hepatocellular
carcinoma [1, 2]. Liver biopsy is the reference standard for
the diagnosis and assessment of liver fibrosis; however, this
method is invasive and has limitations, including sampling
error, serious complications (e.g., bleeding and infection),
and intraobserver and interobserver variability [3-5]. To
overcome these issues, several non-invasive methods have
been developed for the accurate assessment of liver fibro-
sis. These methods include the use of blood markers (e.g.,
aspartate aminotransferase-to-platelet ratio index [APRI]),
ultrasound (US) elastography, and magnetic resonance
elastography (MRE). In particular, MRE is considered to
be the most accurate non-invasive technique for detection
and staging of liver fibrosis [6-9]. However, blood markers
have limited accuracy in intermediate levels of fibrosis [10],
and imaging methods still have problems with reliability,
reproducibility, and failure rate [11].

Gadoxetic acid (Eovist or Primovist, Bayer HealthCare,
Berlin, Germany) is a liver-specific MR contrast agent that
is routinely used for the detection and characterization of
liver lesions in clinical practice [12-14]. Both uptake and
biliary excretion of gadoxetic acid are related to hepatocyte
function, with these processes delayed among cases of liver
fibrosis and cirrhosis [15-19]. Several quantitative MRI-
based fibrosis markers, such as contrast enhancement index
(CED), liver—spleen contrast ratio (LSC), liver—portal vein
contrast ratio (LPC), and signal intensity ratio (SIR) have
been reported using the hepatocyte-selective properties of
gadoxetic acid [1, 20-23]. However, these methods are not
routinely used for the evaluation of fibrosis, due to the lack
of validation and comparative studies with other widely
accepted elastographic methods.
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MRI-based fibrosis markers can easily be measured from
gadoxetic acid-enhanced MRI. In addition, most patients
scheduled for liver surgery usually also undergo preoperative
MRYI, so there is no additional burden for patients. Gadoxetic
acid-enhanced MRI does not require special equipment for
MRE or additional sequences for diffusion-weighted image
and perfusion studies.

To our knowledge, there is no report comparing MRI-based
fibrosis markers or comparing them with other non-invasive
methods, with histopathologic fibrosis stage as the gold stand-
ard. We hypothesized that markers of liver fibrosis obtained
using gadoxetic acid-enhanced MRI might be robust param-
eters for assessing the severity of liver fibrosis that are not
inferior to other non-invasive methods. Therefore, the purpose
of our study was to compare the diagnostic performance of
liver fibrosis markers using gadoxetic acid-enhanced MRI, TE,
ElastPQ, and the APRI to predict the stage of liver fibrosis.

Materials and methods

This retrospective study was approved by the institutional
review board, and the requirement for informed patient con-
sent was waived.

Patients

Between January 2014 and January 2018, a computerized
search of patients’ medical records identified 137 consecu-
tive patients 18 years or older who underwent gadoxetic acid-
enhanced MRI at 3.0 T and who had available pathologic
reports of liver fibrosis within 1 month of liver MRI. Among
them, we included patients with successful measurement of
liver stiffness using TE, ElastPQ (within several days before
liver biopsy and surgery), and blood tests (on the same day of
liver biopsy or surgery). The exclusion criteria were unavail-
able TE or ElastPQ measurements (n=21); MRI performed
with different systems (n=43); MRI with severe motion arti-
facts (n=3); and failed measurements using TE or ElastPQ
(n=3). The final study population comprised of 67 patients
(55 male and 12 female; mean age, 62.5+9.5 years, range,
43-85 years) (Fig. 1). The median interval between gadoxetic
acid-enhanced MRI and liver biopsy or surgery was 12 days
(range 0-30 days).

Blood markers of liver fibrosis

The aspartate aminotransferase-to-platelet ratio index (APRI),
a non-invasive serologic fibrosis marker test, was calculated
using the formula

APRI = (AST/ASTyy * 100)/platelet count,
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Fig. 1 Flow chart of our study.
MRI magnetic resonance imag-
ing, TE transient elastography,

137 patients who underwent gadoxetic acid-enhanced MRI
and who had available pathologic reports of liver fibrosis
within one month of liver MRI

ElastPQ ultrasound shear wave (Between January 2014 and January 2018)

elastography point quantifica-
tion

21 patients sequentially excluded :

- 10 with unavailable TE measurements
- 11 with unavailable ElastPQ measurements

116 patients who underwent gadoxetic acid-enhanced MRI,
TE, ElastPQ, blood tests
with available pathologic reports of liver fibrosis

49 patients sequentially excluded :

- 43 with different MR vendor
- 3 with MRI with severe motion artifacts
- 3 with failed measurements using TE or ElastPQ

67 patients included in the
final retrospective cohort

| l

I |

FO-F1 F2
(n=17) (n=7)

F3 F4
(n = 20) (n=23)

where ASTy,  is the upper limit of the normal AST value
(40 TU/L) [24]. Viral hepatitis B infection was diagnosed
by the presence of serum hepatitis B surface antigen. Viral
hepatitis C infection was diagnosed by the presence of anti-
bodies against hepatitis C virus.

Transient elastography

All patients underwent TE using a FibroScan device (Echo-
sens, Paris, France) by a well-trained technician (with an
experience of more than 500 cases of TE), blinded to clini-
cal and histologic data. Liver stiffness measurements were
performed in the right lobe of the liver through the inter-
costal spaces, while each patient was lying supine with the
right arm in maximal abduction. The tip of the transducer
was placed on the skin between the ribs and aimed at the
right lobe of the liver. After the area of measurement (a
region 25-65 mm deep) was made, the examiner pressed
the probe button to commence data acquisition. A total of
ten valid measurements were obtained for each patient.
The measurements were expressed in kilopascals, and a
success rate of at least 60% was considered reliable. The
median value was considered to be representative.

Point shear wave elastography

ElastPQ was performed using an iU-22 ultrasound system
(Philips Medical Systems, Bothell, WA, USA) by an abdom-
inal radiologist (J. E. L. with 5 years of ultrasound elastogra-
phy and 11 years of liver ultrasound experience). The exam-
iner was blinded to all clinical data when the measurements
were made. Examinations were performed via an intercos-
tal approach to evaluate the right lobe of the liver, 1-2 cm
under the liver capsule, with the patient lying supine with the
right arm in maximum abduction. Using real-time B-mode
imaging, the examiner positioned the ElastPQ measurement
box (approximately 0.5 1.5 cm? in size) in a region free
of visible ducts or vessels. The patient was instructed to
hold their breath while the examiner pressed the ‘‘update’’
button to acquire real-time stiffness measurements. Stiff-
ness is expressed in kilopascals of Young’s modulus. If the
amount of non-shear wave motion exceeded the threshold,
the system would not calculate the liver stiffness value and
displayed only ‘‘0 kPa’’ on the screen. Results < 1 kPa were
regarded as invalid measurements. If ten valid measurements
could not be obtained after 15 attempts, these cases were
considered to be failed measurements. The median value
and standard deviation (SD) of 10 valid measurements
were obtained and recorded as the liver stiffness values on
ElastPQ.
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MRI acquisition

MRI was performed using a 3-T MR system (Intera
Achieva; Philips Healthcare, Best, the Netherlands) and
a 32-channel torso array coil. MRI included the follow-
ing sequences: in-phase and out-of-phase T1-weighted
gradient-recalled-echo imaging; respiratory-triggered two-
dimensional fat-suppressed T2-weighted turbo spin-echo
imaging; breath-hold fat-suppressed T2-weighted turbo
spin-echo imaging; and free-breathing two-dimensional
diffusion-weighted imaging with a single-shot echo-planar
sequence. Gadoxetic acid-enhanced MRI comprised an
unenhanced, arterial phase (20-35 s), a portal phase (60 s),
a 3-min transitional phase, and a 20-min hepatobiliary
phase (HBP). Gadoxetic acid (Eovist or Primovist, Bayer
HealthCare, Berlin, Germany) was administered intrave-
nously at 1-2 mL/s using a power injector (0.025 mmol/
kg body weight) for all patients. The bolus injection was
followed by a 20 mL saline flush. Details are provided in
Supplementary Table 1.

ELASTPQ:

RP
87Hz

N 8.88 *+ 2.35 kPa

Fig.2 A 54-year-old man with fibrosis stage F4, and aspartate ami-
notransferase-to-platelet ratio index 0.78. Circles on the images were
region-of-interest (ROI) used for the calculation of MRI-based fibro-
sis markers on a non-contrast image and b hepatobiliary phase image
of gadoxetic acid-enhanced MRI. The contrast enhancement index
value was 1.18. ¢ Liver stiffness measurement using ultrasound shear
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MRI-based fibrosis markers

All images were evaluated using a picture archiving and
communication system (PACS) (Maroview V5.4.10.42,
INFINITT Healthcare, Seoul, Korea). The region-of-interest
(ROI) measurement was applied to the liver parenchyma,
muscle, spleen, portal vein, and common bile duct (CBD) of
precontrast and/or HBP images (Fig. 2). All ROI measure-
ments were conducted by two radiologists (H. J. J. and J. H.
M. with 3 and 11 years of abdominal imaging experience,
respectively), independently. The values measured from two
radiologists were averaged to minimize measurement error.
These radiologists had no knowledge regarding the patients’
clinical information.

The signal intensity (SI) of the liver parenchyma was
measured in the lateral segment of the left hepatic lobe,
segment 4, and the anterior and posterior segments of the
right hepatic lobe at the hepatic hilar level on precontrast
and HBP images. On the same image, the SIs of the par-
aspinal muscles on precontrast and HBP images were meas-
ured. The SIs of the right and left portal veins, main portal

wave elastography point quantification (ElastPQ). The box indicating
the ROI was placed in the right lobe of the liver area at a site free
of large vessels or visible ducts. The value measured by ElastPQ is
shown at the bottom left. d Liver stiffness measurement using tran-
sient elastography. The median value is shown as 16.3 kPa
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vein, common bile duct, and spleen were also measured on
HBP images. The SIs of the liver, spleen, and paraspinal
muscles were recorded by placing ROIs (approximately
25 mm? each) on the three other axial images per section of
the liver. Then, the mean value of the four hepatic sections
was considered the representative SI of the entire hepatic
parenchyma for each phase. Large vessels, bile ducts, focal
lesions, and artifacts were carefully avoided when placing
ROIs. For the biliary tract and portal vein measurements,
the mean SIs were obtained by placing ROIs (4-10 mm?)
over the common bile duct and portal veins. To minimize
measurement error from partial volume effects, the portal
vein ROIs were located in the center of the portal vein where
the portal vein diameter was greater than the slice thickness.

We used four MRI-based fibrosis markers as tentative
predictors of liver fibrosis: the liver—spleen contrast ratio
(LSC), liver—portal vein contrast ratio (LPC), signal inten-
sity ratio (SIR), and contrast enhancement index (CEI) [1,
20-23, 25]. The LSC corresponded to the ratio of the SI of
the liver to that of the spleen as measured on HBP images
[25]. The LPC was calculated by dividing the SI of the liver
parenchyma by the SI of the portal vein on HBP images [22].
The SIR was calculated as a ratio of the SI of the biliary
tract to that of the paraspinal muscles on HBP images [23].
The liver SI ratio was then separately calculated as the ratio
of liver to paraspinal muscle SI on non-enhanced images
(SIpre) and the ratio of the liver to paraspinal muscle SI on
HBP images (SIygp). The CEI was calculated using the fol-
lowing formula: CEI=[SIyzpl/[SIpre] [20].

Histopathologic analysis

Pathologic examination of the liver was used as the reference
standard for liver fibrosis. Sixty-five patients (97.0%) had
undergone surgery for hepatic malignancy, and two (3.0%)
had undergone percutaneous liver biopsy for an elevated
liver function test. All specimens were analyzed by an expe-
rienced pathologist (K. H. K. with 16 years of experience)
who was blinded to the patients’ imaging results and clinical
data. The liver fibrosis grade was semiquantitatively evalu-
ated according to the METAVIR scoring system as follows:
FO (no fibrosis); F1 (portal fibrosis without septa); F2 (portal
fibrosis with a few septa); F3 (numerous septa without cir-
rhosis); and F4 (cirrhosis) [26, 27].

Statistical analysis

Continuous variables are expressed as the mean + stand-
ard deviation (SD) with ranges; categorical variables are
summarized as counts and percentages. For agreement
analysis of the measured SI values and MRI-based fibro-
sis markers between two observers, the interobserver
variability was assessed using the intraclass correlation

coefficient across two readers as follows: poor (less than
0.5); moderate (0.5-0.75); good (0.75-0.90); and excel-
lIent (0.90-1.00) [28]. Correlations between the results of
MRI-based fibrosis markers and histologic staging were
analyzed using Spearman correlation coefficients. A cor-
relation was considered to be strong if the absolute value
of the correlation coefficient (r) was 0.7-1.0 and moderate
if r was 0.4-0.7. The diagnostic performances of the MRI-
based fibrosis markers, TE, ElastPQ, and the APRI were
evaluated using receiver operating characteristic (ROC)
curve analysis, with histopathologic findings as the refer-
ence standard. Comparisons of the diagnostic accuracy
of the MRI-based fibrosis markers, TE, ElastPQ, and the
APRI were estimated by calculating the area under the
ROC curve (AUC). All statistical analyses were performed
using MedCalc for Windows (MedCalc Software, Mari-
akerke, Belgium). A P value < 0.05 was considered to indi-
cate statistical significance.

Results
Patient characteristics

The baseline characteristics of the 67 patients are summa-
rized in Table 1. Most of the patients (n =54, 80.6%) had
chronic liver disease, of which chronic hepatitis B was the
most common etiology (n=36, 53.7%). Histologic stage
of liver fibrosis was as follows: FO-F1 (n=17, 25.4%); F2
(n=17,10.4%); F3 (n=20, 29.9%); and F4 (n=23, 34.3%).
The mean liver stiffness values measured using TE and
ElastPQ were 12.8 +11.8 kPa and 6.3 + 3.4 kPa, respec-
tively. The mean value of APRI was 1.2 +1.6.

Quantitative imaging analysis

Table 2 demonstrates the mean SI values and MRI-based
fibrosis markers according to stage of liver fibrosis. The
value of MRI-based fibrosis markers decreased as the
stage of fibrosis increased (P <0.001). Correlations of
the MRI-based fibrosis markers according to the stage of
liver fibrosis are illustrated in Fig. 3. All four MRI-based
fibrosis markers negatively correlated with fibrotic stage:
CEI (r=-0.786), LSC (r=-0.718), LPC (r=-0.448),
and SIR (r=-0.617; P<0.001 for all comparisons). The
intraclass correlation coefficients for measured SI values
and MRI-based fibrosis markers across two observers were
good or excellent (0.80-0.97). The details of interobserver
agreements of the ROI measurements and MRI-based
fibrosis markers are in Supplementary Table 2.
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Table 1 Demographic and clinical characteristics of the patients

(n=67)
Characteristic Value
Age (year) 62.5+9.5 (43-85)
Sex
Male 55 (82.1)
Female 12 (17.9)
BMI (kg/m?) 23.4+2.8 (15.8-29.6)
Etiology of chronic liver disease®
Chronic viral hepatitis B 36 (53.7)
Chronic viral hepatitis C 8(11.9)
Alcoholic liver disease 9(13.4)
Non-alcoholic fatty liver disease 1(1.5)
Transient elastography (kPa) 12.8+11.8
ElastPQ (kPa) 63+34
Blood tests
Aspartate aminotransferase (IU/L) 54.0+63.9
Alanine aminotransferase (IU/L) 39.3+44.7
Alkaline phosphatase (IU/L) 103.2+63.7
Total bilirubin (mg/dL) 1.0£0.9
Albumin (g/dL) 3.8+0.5
Gamma-glutamyltransferase (IU/L) 161.1+231.5

Platelet count (10*/mm?)

168,572.4+75,130.1

APRI 12+1.6
Liver fibrosis stage

FO-F1 17 (25.4)

F2 7 (10.4)

F3 20 (29.9)

F4 23 (34.3)

Continuous variables are described as mean +standard deviations and
range in parentheses and categorical variables are described as num-

ber of patients with percentage

BMI body mass index, ElastPQ ultrasound shear wave elastography
point quantification, APRI aspartate aminotransferase-to-platelet ratio

index

#Among 67 patients, 54 patients (80.6%) had chronic liver disease

Diagnostic performance of MRI-based fibrosis

markers

Supplementary Table 3 and Supplementary Fig. 1 show
the diagnostic accuracy of the CEI, LSC, LPC, and SIR
according to liver fibrosis stage. According to the ROC
curve analysis for the diagnosis of significant liver fibrosis
(=F2) and cirrhosis (F4), the CEI (AUC=0.898 and 0.881,
respectively) tended to show higher AUC values than both
the LSC (AUC=0.847, P=0.114; AUC=0.874, P=0.866)
and SIR (AUC=0.819, P=0.101; AUC=0.837, P=0.369).
The CEI showed greater diagnostic performance than the
LPC (AUC=0.692, P=0.003; AUC=0.722, P=0.005).
The CEI showed an AUC of 0.881-0.965 for identifying
each stage of liver fibrosis (Table 3). The optimum cutoff
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value for the diagnosis of significant liver fibrosis (>F2) was
1.9 (sensitivity of 84.0% and specificity of 82.4%). For the
diagnosis of cirrhosis (F4), the optimum cutoff value was 1.5
(sensitivity of 73.9% and specificity of 88.6%).

Comparisons of the diagnostic performance
of MRI-based fibrosis markers with that of TE,
ElastPQ, and the APRI

The details of the diagnostic performance of the fibrosis
markers are summarized in Tables 3 and 4. Based on the
AUC:s for the diagnosis of significant liver fibrosis (> F2),
the CEI had greater diagnostic accuracy (AUC =0.898)
than the APRI (AUC=0.699, P=0.018) and ElastPQ
(AUC=0.751, P=0.021), and similar diagnostic accuracy to
TE (AUC=0.866, P=0.605). For the diagnosis of cirrhosis
(F4), the CEI had greater diagnostic accuracy (AUC =0.881)
than the APRI (AUC=0.715, P=0.027) and similar diag-
nostic accuracy to TE (AUC=0.884, P=966) and ElastPQ
(AUC=0.786, P=0.234). Figure 4 shows the ROC curves
of the CEI, TE, ElastPQ, and the APRI for differentiating
significant liver fibrosis (> F2) and cirrhosis (F4).

Discussion

In our study, we evaluated MRI-based fibrosis markers and
compared them with other non-invasive methods, with his-
topathologic fibrosis stage as the gold standard. All four
MRI-based fibrosis markers showed a statistically significant
negative correlation with liver fibrosis stage. The CEI was
a better marker than LSC, LPC, and SIR for the diagnosis
of both significant liver fibrosis (>F2) and cirrhosis (F4).
Additionally, we found that the CEI derived by gadoxetic
acid-enhanced MRI displayed a similar accuracy to that of
TE for the diagnosis of significant liver fibrosis (>F2) and
cirrhosis (F4).

Several studies found that hepatic enhancement with
gadoxetic acid is strongly affected by the degree of liver
fibrosis [29-32]. Gadoxetic acid is transported from the
extracellular space, taken up by hepatocytes via an organic
anion transport system, and subsequently secreted into
the biliary system [33-38]. Decreases in hepatic enhance-
ment on HBP images suggest that gadoxetic acid uptake by
the liver is impaired, whereas the prolongation of hepatic
enhancement suggests that gadoxetic acid excretion into
bile is also impaired [39—-41]. This impaired gadoxetic acid
uptake by the liver may be caused by a decrease in the num-
ber of normal hepatocytes or a decrease in gadoxetic acid
uptake by hepatocytes, and impaired gadoxetic acid excre-
tion may be caused by hepatocyte dysfunction [40].

In advanced liver fibrosis, the CEI is reduced owing to a
decreased number of normal hepatocytes (caused by fibrotic
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Table 2 Signal intensity and FO—F1 P B3 F4 P value
MRI-based fibrosis markers
according to the stage of liver =17 (=7 (n=20) (n=23)
fibrosis SI on precontrast images
Liver 902.3+187.9 885.8+129.0 1004.0+154.3  1033.7+195.2 0.010
Paraspinal muscles  1063.8 +225.1 981.0+205.8 947.0+198.9  1004.2+207.7 0.340
SI on HBP image
Liver 1018.0+161.6 972.9+213.9 838.8+210.0 961.8+238.3 0.261
Paraspinal muscles 495.1+85.1 488.4+131.0 502.9+147.1 691.0+225.0 0.001
Spleen 530.3+100.4 523.3+118.4 556.4+180.7 797.8+343.4 0.001
Portal vein 701.6+191.8 606.6+151.7 644.5+186.1 855.2+387.7 0.089
CBD 1903.2+238.9  1641.9+442.7 1539.8+297.8  1530.0+443.8 0.001
MRI-based fibrosis markers
CEI 23+0.5 23403 1.6+£0.2 1.4+02 <0.001
LSC 20+04 1.9+0.3 1.6+£0.3 1.3+£03 <0.001
LPC 1.5+0.3 1.6+0.3 1.3+£0.2 1.2+02 <0.001
SIR 3.9+0.6 3.4+0.7 33+1.0 24+0.8 <0.001

Values are expressed as means =+ standard deviations

SI signal intensity, HBP hepatobiliary phase; CBD common bile duct, CEI contrast enhancement index,
LSC liver—spleen contrast ratio, LPC liver—portal vein contrast ratio, SIR signal intensity ratio

tissue growth) or a reduction in gadoxetic acid uptake owing
to severe hepatocyte dysfunction, degeneration, or necrosis
[41]. In agreement with our results, Watanabe et al. reported
that the CEI is significantly more correlated with liver fibro-
sis stage than other variables, such as hepatocyte necrosis
and reduced cell function [41]. Lee et al. reported that the
CEI was constantly and significantly decreased with increas-
ing severity of cirrhosis [20], which was consistent with the
current results. However, in the previous study, liver cir-
rhosis was clinically diagnosed, and the severity of cirrhosis
was not grouped by liver biopsy findings [20]. A strong point
of our study is that we used histopathologic specimens as a
reference standard rather than clinical staging systems.

In addition to the CEI, several other MRI-based fibrosis
markers have been used for staging liver fibrosis. The LSC
(a widely accepted method) and LPC (as a substitute for the
LSC) are simple assessments of relative hepatic enhance-
ment using the spleen or portal vein as representatives of
the blood pool [18, 25, 42—44]. These markers are focused
on the plasma and extracellular extravascular space exposed
to blood contrast agent concentrations [43]. Therefore, they
may not reflect liver fibrosis directly, but instead may be cor-
related with liver function parameters [22, 25]. In addition,
Noda et al. reported that the SIRs of cystic duct and com-
mon bile duct on gadoxetic acid-enhanced MRI correlated
with Child—Pugh score, MELD score, and APRI [23]. In our
study, SIR has a negative correlation with the fibrosis stage,
but is less reliable than CEI. In addition, it may be difficult
to accurately assess the degree of liver fibrosis with the SIR,
which utilizes reduced biliary tract contrast enhancement
during the HBP in patients with hepatic dysfunction.

In our study, the CEI had better diagnostic accuracy
than the APRI, and similar diagnostic accuracy to TE and
ElastPQ, for the diagnosis of significant liver fibrosis (>F2)
and cirrhosis (=F4). The APRI is the simplest, most widely
used non-invasive method for estimating the stage of liver
fibrosis among patients with chronic viral hepatitis C [45,
46]. However, Yilmaz et al. [47] reported that the reliabil-
ity of the APRI was insufficient for staging liver fibrosis
among patients with chronic viral hepatitis B, as their serum
AST levels fluctuate owing to disease flares. TE was one of
the earliest investigated methods for measuring liver stiff-
ness, offering high accuracy and precision for assessing the
stage of liver fibrosis [48, 49]. However, TE and ElastPQ
are limited in their diagnostic capabilities owing to failure
rates, reliability issues, interobserver and intraobserver vari-
ability, and reproducibility across US elastography systems
[11]. Given that the SI values on gadoxetic acid-enhanced
MRI can be reliably measured with excellent interobserver
agreement and are significantly correlated with liver fibrosis
stage, the CEI might be a useful alternative imaging bio-
marker for the evaluation of liver fibrosis.

Our study has some limitations. First, the retrospective
design could have led to selection bias. Our study cohort
had mixed etiologies of chronic liver disease, most of
which were chronic hepatitis B infection. Further studies
assessing diagnostic performances and reliability of MRI-
based fibrosis markers in non-viral liver diseases should
be performed. Second, the sample size was rather small.
Third, multiple variables are involved in liver disease. The
underlying cause of cirrhosis may influence the degree of
hepatic enhancement because liver cirrhosis of varying
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Fig.3 Boxplots of the liver stiffness values according to the stage of
liver fibrosis. a Contrast enhancement index (CEI). b Liver—spleen
contrast ratio (LSC). ¢ Liver—portal vein contrast ratio (LPC). d Sig-
nal intensity ratio (SIR). The boxes represent the interquartile ranges,
with the thick lines within the boxes representing the median values.

causes is associated with different pathologic cirrhosis pat-
terns. Fourth, because our study was performed on 3.0-T
MRI from a single manufacturer, it may limit the ability
to generalize our results. Fifth, the CEI does not include
consideration of tissues within the portal circulation, and
thus, variations in portal pressure may have affected our
results. Sixth, we were unable to compare the performance
of our MRI-based fibrosis markers to that of MR elastogra-
phy for staging liver fibrosis. Finally, we did not perform a
validation study using another group of patients.

In conclusion, our results showed that the CEI meas-
ured by gadoxetic acid-enhanced MRI is an accurate
fibrosis marker for staging liver fibrosis, with a diagnostic
accuracy comparable to that of TE. The CEI may be a

@ Springer

The error bars indicate the smallest and largest values within 1.5 box
lengths of the 25th and 75th percentiles, respectively. The dots are
outliers representing very large values that deviate markedly from the
range of observed data

potential imaging-based fibrosis marker that does not place
any additional burden on the patient.
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Table 3 Diagnostic
performance of the fibrosis
markers according to the stage
of liver fibrosis (F1-F4)

Table 4 Comparison of
diagnostic performance of the
fibrosis markers according

to the stage of liver fibrosis
(F1-F4)

Cutoff [criterion]
Sensitivity (%)
Specificity (%)

P value

TE

AUC

Cutoff [criterion]
Sensitivity (%)
Specificity (%)
P value

ElastPQ

AUC

Cutoff [criterion]
Sensitivity (%)
Specificity (%)
P value

APRI

AUC

Cutoff [criterion]
Sensitivity (%)
Specificity (%)

P value

(0.793-0.955)
2.0

87.3 (75.5-94.7)
83.3 (51.6-97.9)
<0.001

0.884
(0.782-0.949)

75
72.7 (59.0-83.9)
83.3 (51.6-97.9)
<0.001

0.742
(0.621-0.842)

4.04

72.7 (59.0-83.9)
66.7 (34.9-90.1)
<0.001

0.765
(0.646-0.860)

0.31
76.4 (63.0-86.8)
66.7 (34.9-90.1)
0.001

(0.799-0.958)
1.9

84.0 (70.9-92.8)
82.4 (56.6-96.2)
<0.001

0.866
(0.761-0.937)

7.7
76.0 (61.8-86.9)
94.1 (71.3-99.9)
<0.001

0.751
(0.630-0.848)

4.89

68.0 (53.3-80.5)
82.4 (56.6-96.2)
<0.001

0.699
(0.575-0.805)

0.31
78.0 (64.0-88.5)
58.8 (32.9-81.6)
0.010

(0.889-0.995)
1.8

95.4 (84.2-99.4)
91.7 (73.0-99.0)
<0.001

0.906
(0.810-0.964)

7.7
86.1 (72.1-94.7)
91.7 (73.0-99.0)
<0.001

0.794
(0.678-0.883)

4.89

76.7 (61.4-88.2)
88.3 (62.6-95.3)
<0.001

0.656
(0.529-0.767)

0.44
62.8 (46.7-77.0)
66.7 (44.7-84.4)
0.034

2777
Parameter >F1 >F2 >F3 F4
CEI
AUC 0.892 0.898 0.965 0.881

(0.779-0.948)
15

73.9 (51.6-89.8)
88.6 (75.4-96.2)
<0.001

0.884
(0.782-0.949)

10.3
82.6 (61.2-95.0)
84.1 (69.9-93.4)
<0.001

0.786
(0.668-0.876)

5.34

87.0 (66.4-97.2)
72.7 (57.2-85.0)
<0.001

0.715
(0.591-0.819)

0.44
87.0 (66.4-97.2)
61.4 (45.5-75.6)
0.002

Values in parentheses are 95% confidence interval

CEI contrast enhancement index, AUC area under the receiver operating characteristic curve, TE transient

elastography, ElastPQ ultrasound shear wave elastography point quantification, APRI aspartate aminotrans-
ferase-to-platelet ratio index

Marker >F1 >F2 >F3 F4

CEI 0.892 0.898 0.965 0.881
(0.793-0.955) (0.799-0.958) (0.889-0.995) (0.779-0.948)

TE 0.884 0.866 0.906 0.884
(0.782-0.949) (0.761-0.937) (0.810-0.964) (0.782-0.949)

ElastPQ 0.742 0.751 0.794 0.786
(0.621-0.842) (0.630-0.848) (0.678-0.883) (0.668-0.876)

APRI 0.765 0.699 0.656 0.715
(0.646-0.860) (0.575-0.805) (0.529-0.767) (0.591-0.819)

P value (CEI versus TE) 0.884 0.605 0.218 0.966

P value (CEI versus ElastPQ) 0.016 0.021 0.003 0.234

P value (CEI versus APRI) 0.167 0.018 <0.001 0.027

Values in parentheses are 95% confidence interval

CEI contrast enhancement index, TE transient elastography, ElastPQ ultrasound shear wave elastography

point quantification, APRI aspartate aminotransferase-to-platelet ratio index
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