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Abstract
BACKGROUND
Diffusion-weighted magnetic resonance imaging has shown promise in the
detection and quantification of hepatic fibrosis. In addition, the liver has
numerous endogenous micro-RNAs (miRs) that play important roles in the
regulation of biological processes such as cell proliferation and hepatic fibrosis.

AIM
To assess diffusion-weighted magnetic resonance imaging and miRs in
diagnosing and staging hepatic fibrosis in patients with chronic hepatitis C.

METHODS
This prospective study included 208 patients and 82 age- and sex-matched
controls who underwent diffusion-weighted magnetic resonance imaging of the
abdomen, miR profiling, and liver biopsy. Pathological scoring was classified
according to the METAVIR scoring system. The apparent diffusion coefficient
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(ADC) and miR were calculated and correlated with pathological scoring.

RESULTS
The ADC value decreased significantly with the progression of fibrosis, from
controls (F0) to patients with early fibrosis (F1 and F2) to those with late fibrosis
(F3 and F4) (median 1.92, 1.53, and 1.25 × 10-3 mm2/s, respectively) (P = 0.001).
The cut-off ADC value used to differentiate patients from controls was 1.83 × 10-3

mm2/s with an area under the curve (AUC) of 0.992. Combining ADC and miR-
200b revealed the highest AUC (0.995) for differentiating patients from controls
with an accuracy of 96.9%. The cut-off ADC used to differentiate early fibrosis
from late fibrosis was 1.54 × 10-3 mm2/s with an AUC of 0.866. The combination
of ADC and miR-200b revealed the best AUC (0.925) for differentiating early
fibrosis from late fibrosis with an accuracy of 80.2%. The ADC correlated with
miR-200b (r = - 0.61, P = 0.001), miR-21 (r = - 0.62, P = 0.001), and miR-29 (r = 0.52,
P = 0.001).

CONCLUSION
Combining ADC and miRs offers an alternative surrogate non-invasive
diagnostic tool for diagnosing and staging hepatic fibrosis in patients with
chronic hepatitis C.

Key words: Diffusion; Magnetic resonance imaging; Fibrosis; Liver; Hepatitis C virus;
Micro-RNA

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We aimed to assess diffusion-weighted magnetic resonance imaging and micro-
RNAs in diagnosis and staging of hepatic fibrosis. Patients underwent DWI of the
abdomen, micro-RNA profiling, and liver biopsy. The apparent diffusion coefficient
(ADC) and miR were calculated and correlated with METAVIR score. We found that
ADC value was decreased from controls (F0) to patients with early fibrosis and those
with late fibrosis. Combined ADC and miR-200b revealed the best result for
differentiating early from late fibrosis and offer an alternative surrogate non-invasive
diagnostic tool for diagnosis and staging of hepatic fibrosis in patients with chronic
hepatitis C.

Citation: Besheer T, Elalfy H, Abd El-Maksoud M, Abd El-Razek A, Taman S, Zalata K,
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diagnosis of hepatic fibrosis in chronic hepatitis C virus. World J Gastroenterol 2019; 25(11):
1366-1377
URL: https://www.wjgnet.com/1007-9327/full/v25/i11/1366.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i11.1366

INTRODUCTION
Hepatitis C virus (HCV) is responsible for chronic hepatic infection in 150-200 million
people. Chronic liver disease results in the formation of fibrous tissue that impairs
normal liver function, resulting in hepatic fibrosis, cirrhosis, portal hypertension, and
hepatocellular  carcinoma.  Early  detection  of  hepatic  fibrosis  has  important
therapeutic and prognostic implications for HCV-infected patients, since antiviral
treatment can reduce hepatic decompensation and increase patient survival[1-5]. Liver
biopsy is currently the gold standard for pathological assessment of hepatic fibrosis.
However, it is an invasive maneuver with risks of complications such as hemorrhage,
penetration to abdominal viscera,  and pneumothorax and may result in death in
0.018% of patients; furthermore, the procedure is also prone to sampling error and
observer variability[4-6].  Non-invasive diagnosis and staging of  hepatic  fibrosis  is
important for evaluating disease progression in patients with chronic liver diseases.
Serum markers of liver fibrosis are widely available, but their results are variable[7-10].
Ultrasound elastography  is  used  for  grading  hepatic  fibrosis,  but  it  is  operator
dependent[11-13].  Several  magnetic  resonance  (MR)  imaging  sequences,  such  as

WJG https://www.wjgnet.com March 21, 2019 Volume 25 Issue 11

Besheer T et al. Hepatic fibrosis diagnosis with micro-RNA and MRI

1367

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


perfusion-weighted MR imaging, MR spectroscopy, MR elastography, and dynamic
contrast-enhanced MR have the potential to provide quantitative information with
variable diagnostic accuracy in the staging of liver fibrosis[13-15].

Micro-RNAs  (miRs)  are  small  noncoding  RNA  molecules  that  regulate  gene
expression at post-translational steps. The liver has numerous endogenous miRs that
play important roles in the regulation of biological processes, such as cell proliferation
and liver fibrosis. MiRs circulate in a cell-free form in body fluids including serum
and are found mostly in exosomes and protein-RNA complexes. Several miRs were
identified to be upregulated in serum in patients with chronic liver disease and liver
fibrosis compared to those in healthy controls, and many of these were also correlated
with the degree of liver fibrosis[16-19]. MiRNA-21 is upregulated at the onset of fibrosis
in  the  human  liver  and  may  promote  fibrogenic  activation  of  fibroblasts.  A
considerable amount of evidence has shown that the miR-200 family participates in
fibrosis. Moreover, a downregulation of circulating miR-29 is seen in patients with
chronic liver injury and liver fibrosis. The level of miR-29 is correlated with the stage
of liver fibrosis[18-21].

Diffusion represents the random Brownian motion of molecules, and MR imaging
can  detect  signal  changes  caused  by  positional  changes  in  molecules  at  this
microscopic  scale.  The  apparent  diffusion  coefficient  (ADC)  of  the  molecules
measures the freedom of water proton diffusion in tissues and change according to
the degree of cellularity of the lesion[22-26]. Diffusion-weighted MR imaging (DWI) is
used for the assessment of liver fibrosis in adults and children[27-31]. The aim of the
current study was to assess DWI and miRs in the diagnosis and staging of hepatic
fibrosis in patients with chronic hepatitis virus C (CHC).

MATERIALS AND METHODS

Patients
The institutional review board approved this interventional study, and patients and
controls provided written informed consent.  The study assessed 215 consecutive
patients with biopsy-proven CHC; patients were included if they had a histological
diagnosis of CHC on a liver biopsy. HCV was defined by the presence of serum anti-
HCV and  HCV-RNA.  Seven  patients  were  excluded  from our  study  due  to  the
presence of hepatocellular carcinoma (n = 3), cardiac cirrhosis (n = 2), and hepatic
metastasis (n = 2). The final number of patients was 208 (129 male and 79 female), and
the median age was 36.3 ± 9.3 years. Eighty-two age- and sex-matched volunteers (47
male  and 35  female)  underwent  MR imaging  for  reasons  other  than  abdominal
abnormalities;  the  median  age  was  38.3  ±  10.2  years.  The  patients  and  controls
included in the study underwent DWI of the abdomen, miR tests, and liver biopsy
from October 2012 to December 2015.

Routine magnetic resonance imaging
MR examinations were performed for all patients and controls using a T1.5 Tesla MR
unit (Ingenia, Philips Best, Netherlands) using a bipolar diffusion encoding gradient.
A 16-channel anterior phased array torso surface coil (dStream Torso coil) with a
posterior body coil embedded in the table (dStream Total Spine coil) was applied.
Routine axial T1-weighted images (TR/TE = 500/20 ms) and T2-weighted images
(TR/TE = 6000/80 ms) were obtained.

Diffusion-weighted magnetic resonance imaging
Axial diffusion-weighted MR imaging of the liver was performed using free breathing
spin echo planar sequence of echo planar imaging (EPI) readout. Automatic multi-
angle projection shim and the chemical shift selective fat-suppression technique were
applied. The motion probing gradient was applied before and after the 180 pulse with
EPI  readout.  The  b  values  applied  were  0,  400,  and  800  s/mm2.  The  applied
parameters were TR of 2800 ms, TE of 74 ms, EPI factor of 102, FOV of 25 cm × 25 cm,
section thickness of 7 mm, interslice gap of 20%, acquisition matrix of 192 × 154, and
number of excitations of six. After acquisition of the diffusion-weighted sequence, we
obtained a set of images corresponding to each b-value applied. The ADC map was
automatically calculated from the data set obtained at three b-values by commercially
available software. The data acquisition time for the diffusion-weighted MR images
was 1 min.

Image analysis
Image analysis was performed by a radiology expert in MR imaging with 25 years of
experience (AA).  Quantitative analysis  of  the ADCs of  hepatic  parenchyma was
performed. A circular region of interest measuring 3-4 cm2 was placed on the ADC

WJG https://www.wjgnet.com March 21, 2019 Volume 25 Issue 11

Besheer T et al. Hepatic fibrosis diagnosis with micro-RNA and MRI

1368



map at three different regions of hepatic parenchyma, on three consecutive slices
away from the biliary and vascular structures, and more than 2 cm from the surface of
the  liver  (Figure  1).  The  ADC  value  was  calculated  according  to  the  following
formula: ADC = -(lnSb2 - lnSb1)/(b2 -b1), where ln is the natural log, and Sb1 and Sb2
are the signal intensities in the region of interest placed on sections corresponding to
the two different b-values (b1 and b2)[26]. The ADC value was automatically calculated
in × 10-3 mm2/s. The mean of these nine values was calculated and represents the final
ADC value per subject used for statistical analysis.

Serum micro-RNAs assay
Blood samples were collected for the serum miRs assay just prior biopsy, and miR-
200b, miR-21, and miR-29b were measured for all patients and control groups. Total
RNA  was  extracted  using  a  miRNeasy  serum/plasma  extraction  kit  (Qiagen,
Valencia,  CA,  United  States)  using  QIAzol  lysis  reagent  according  to  the
manufacturer’s instructions. RNA quality was determined using a NanoDrop 2000
(Thermo Scientific, Waltham, MA, United States). Reverse transcription (RT) was
carried  out  on  100  ng  of  total  RNA  in  RT  reactions  in  a  final  volume  of  20  μL
(incubated for 60 min at 37 °C and 5 min at 95 °C) using a miScript II RT Kit (Qiagen)
according to the manufacturer’s  instructions.  Serum expression levels  of  mature
miRNAs, miR-200b, miR-29b, and miR-21, were evaluated using miScript miRNA
PCR primer assays and a miScript SYBER green PCR kit (Qiagen) according to the
manufacturer’s  protocol.  The  housekeeping  miRNA SNORD68 was  used  as  the
internal control.

Liver biopsy
Percutaneous liver biopsy was performed by a hepatology expert in liver biopsy with
20 years of experience (BT). The biopsy was conducted at least 60 d before imaging to
avoid misinterpretation attributed to early post-biopsy changes. The length of the
specimen was not less than 1.2 cm (contained at least 10 portal tracts) that was fixed in
formalin, put in paraffin, and stained with special stain according to the international
criteria  for  pathological  analysis.  According to METAVIR score,  hepatic  fibrosis
staging were classified as F0, no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis with few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis[32].

Statistical analysis
Statistical analysis of the data was performed by Statistical Package for Social Science
version 20 (SPSS Inc., Armonk, NY, United States). The data were presented as the
mean and standard deviation (SD). The Kolmogorov-Smirnov test was performed to
assess  the  normality  of  the  data  distribution.  All  data  were  revealed to  be  non-
parametric. To compare two groups, Student’s t-test was used. To compare more than
two groups, one-way analysis of variance was used. Receiver operating characteristic
(ROC) curves were used to determine the cut-off points of ADC, miR that were used
to differentiate patients from controls, and early from late fibrosis with calculation of
the area under the curve (AUC), accuracy, sensitivity, and specificity. The P value was
considered significant if ≤ 0.05 at the 95% confidence interval. A multivariate logistic
regression model was performed to determine the combination of parameters with
the highest accuracy for differentiating controls from patients and early from late
fibrosis. The Spearman correlation test was used to correlate the ADC with miRs.

RESULTS
Table 1 reveals the characteristics of patients and controls. The patients were divided
into an early fibrosis group (F1 and F2) (n = 112, 38.6%) and a late fibrosis group (F3
and F4) (n = 96, 33.1%) along with a control group (F0) (n = 82, 28.3%). No significant
differences in age and sex were found between patients and controls or between
patients with early versus late fibrosis.

Table 2 shows the median ADC and miR values of patients versus controls. The
median ADC values of patients (1.43 ± 0.22 × 10-3 mm2/s) were significantly different
(P = 0.001) compared with those of controls (1.92 ± 0.08 × 10-3 mm2/s). The median
miRNA values of patients were significantly different (P = 0.001) compared with those
of controls.

Table  3  shows  the  ROC curve  results  with  cut-off  values  of  ADC and  serum
markers of patients and controls. The cut-off point of ADC values for differentiating
patients  from controls  (Figure 2A) was 1.83 × 10-3  mm2/s with an AUC of  0.992,
accuracy of 97.1%, sensitivity of 98.6%, and specificity of 97%. The cut-off points of
miR-200b, miR-21, and miR-29b used to differentiate patients from controls were 1.65,
1.35, and 0.91 with AUCs of 0.925, 0.865, and 0.937, respectively. The combination of
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Figure 1

Figure 1  Regions of interest. Apparent diffusion coefficient map of the liver with locations of the regions of interest
within the liver parenchyma.

ADC  and  miR-200  (Figure  2B)  revealed  an  AUC  of  0.995,  accuracy  of  96.9%,
sensitivity of 100%, and specificity of 96%. ADC and miR-21 combined revealed an
AUC of 0.992, accuracy of 96.2%, sensitivity of 100%, and specificity of 95%. The
combination of  ADC and miR-29b revealed an AUC of  0.992,  accuracy of  95.9%,
sensitivity of 100%, and specificity of 96%.

Table 4 shows the median, minimum, and maximum of ADC and serum markers of
patients with early and late fibrosis. In differentiating the early fibrosis group from
the late fibrosis, the median ADC value of early fibrosis (1.5 ± 0.2 × 10-3 mm2/s) was
significantly (P = 0.001) different than that of late fibrosis (1.25 ± 0.17 × 10-3 mm2/s).
The median values of miRNA-200b, miRNA-21, and miRNA-29b of early fibrosis
were 3.4 ± 1.7, 1.9 ± 0.7, and 0.7 ± 0.2, respectively, and those of late fibrosis were 10.2
± 4.8, 3.6 ± 1.2, and 0.4 ± 0.2, respectively; these values were significantly different (P =
0.001) between the groups.

Table 5 shows the cut-off values of ADC and miRs used to differentiate early from
late  fibrosis  with  the  areas  under  the  ROC  curves,  specificity,  sensitivity,  and
accuracy. The ADC cut-off point used to differentiate early from late fibrosis was 1.54
× 10-3 mm2/sec (Figure 3A) with an AUC of 0.866, accuracy of 81.7%, sensitivity of
99%,  and specificity  of  67%.  The cut-off  points  of  miRNA-200b,  miRNA-21,  and
miRNA-29b used to differentiate early from late fibrosis were 3.55, 2.39, and 0.71 with
AUCs of 0.888, 0.877, and 0.832 and accuracy of 73.5%, 80.2%, and 73.0%, respectively.
The combined ADC and miR values used for differentiating early from late fibrosis
were as  follows:  First,  ADC and miR-200b (Figure 3B)  showed an AUC of  0.925,
accuracy of 80.2%, sensitivity of 71.7%, and specificity of 97.2%. Combining ADC and
miR-21  revealed  an  AUC  of  0.88,  accuracy  of  83.2%,  sensitivity  of  72.3%,  and
specificity of 97.5%. The combination of ADC and miRNA-29b revealed an AUC of
0.879, accuracy of 85.1%, sensitivity of 74.0%, and specificity of 96.5% (Table 5).

The values for miR-200b and miR-21 in controls were significantly increased (P =
0.001) compared with those in patients with early fibrosis and patients with late
fibrosis. The median values of miR-200b and miR-21 increased as fibrosis decreased,
and the median values of miRNA-29b decreased significantly with increased fibrosis.
The ADC values were highly correlated with serum expression of miR-200b (r = - 0.61,
P = 0.001), miR-21 (r = - 0.62, P = 0.001), and miR-29b (r = 0.52, P = 0.001).

DISCUSSION
In this  study,  the ADC values of  patients  were significantly lower than those of
controls. This observation may be attributed to fibrogenesis engaging a range of cell
types and mediators with progressive deposition of extracellular matrix proteins,
reducing the interstitial spaces and distorting normal hepatic architecture[2,3,5]. These
changes are responsible for restricted diffusion with reduction in the ADC values in
patients with hepatic fibrosis. However, the staging of liver fibrosis with diffusion-
weighted MR imaging is still controversial[33-35].

In this work, the ADC values of patients with late fibrosis are lower than those with
early fibrosis. Previous studies reported that the values of the ADC are significantly
different at the different stages of liver fibrosis/cirrhosis[33,34]. On the other hand, other
studies  did  not  find  an  association  between  grading  of  fibrosis  and  the  ADC
values[35,36].  The results in our study may be explained by the increase of hepatic
connective tissue with accumulation of collagen, fatty tissue, and inflammatory cells,
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Table 1  Comparison of demographic and laboratory data in F0, early fibrosis, and late fibrosis
groups

Parameter Control, n = 82 Early fibrosis, n = 112 Late fibrosis, n = 96 P value

Age 38.3 ± 10.2 34.1 ± 8.9 41.4 ± 7.823 0.001

Gender (M:F) 47:35 69:43 60:36 0.8

ALT 36.29 ± 17.24 52.00 ± 36.071 57.17 ± 36.8823 0.001

AST 35.00 ± 15.71 49.00 ± 25.121 58.00 ± 35.1223 0.001

Albumin 4.10 ± 0.45 4.20 ± 0.44 3.80 ± 0.6923 0.001

Bilirubin 0.88 ± 0.48 0.81 ± 0.26 1.02 ± 0.462 0.001

PCR 95746 ± 10111 391000 ± 2138761 254500 ± 12931423 0.001

AFP 7.50 ± 1.57 5.01 ± 2.951 10.47 ± 6.7823 0.001

1Significance between control and early;
2Significance between control and late;
3Significance between late and early. Data expressed as mean and standard deviation, F one way analysis of
variance test was used for comparison between the three groups. Student’s t-test was used to compare
between each two groups. ALT: Alanine transaminase; AST: Aspartate transaminase; PCR: Polymerase chain
reaction; AFP: Alpha-fetoprotein.

which may lead to restricted diffusion with low ADC values in patients with late
fibrosis[4,5,37].

In recent decades,  miRs have emerged as key regulators of gene expression[38].
Evidence is accumulating that miRs participate in the progression of liver fibrosis and
regulation of hepatic stellate cell (HSC) proliferation/apoptosis[39]; in addition, they
have been reported as biomarkers of liver cirrhosis by some previous studies[40]. In this
study,  the  levels  of  the  miRs  (miR-200b,  miR-21,  miR-29b)  used to  differentiate
between controls and patients and between patients with early fibrosis and those with
late  fibrosis  (Tables  2  and  4)  were  significantly  different,  and  strong  positive
correlations were found between ADC and levels of miR-200b and miR-21. In patients
with hepatic fibrosis, several miRs were identified to be upregulated in serum when
compared to those in controls, and many of these miRs were also correlated with the
degree of liver fibrosis. Several studies have discussed the role of miRs in fibrogenesis,
but its value is still controversial[41,42]. Previously, miR-21 has been suggested to be
upregulated at the onset of fibrosis in the human liver, and it may promote fibrogenic
activation of fibroblasts.

A possible explanation for elevated miR-21 levels in advanced fibrosis is that miR-
21 may regulate  transforming growth factor  (TGF)  β2[41]  and has  been shown to
activate  HSCs through PTEN/AKT or  ERK1 signaling  pathways[41,42].  Moreover,
induction of maturation of primary miR-21 precursor into mature miR-21 occurs via
TGF-β. Another study added that a significant increase in hepatic miR-21 expression
is  associated  with  mitogen-activated  protein  kinase  3  signaling  and  epithelial-
mesenchymal transition in liver fibrosis[42,43].

A considerable amount of evidence has demonstrated that the miR-200 family
participates  in  fibrosis[16-20].  Previous  studies  reported  that  these  miRs  were
upregulated and that circulating miR-29 was downregulated in patients with chronic
liver injury and liver fibrosis.  Levels of miR-29 correlated with the stage of liver
fibrosis[17-21]. In the current study, the levels of miR-29 used to differentiate between
controls and patients with fibrosis and between patients with early and those with
late  fibrosis  were significantly different,  and the level  of  miR-29 was negatively
correlated with the fibrosis score. MiR-29b interferes with the process of fibrogenesis
via inhibition of HSC activation, production of type I collagen[44], and expression of
extracellular  matrix  genes  in  HSCs  through  the  TGF-β/SMAD-CTGF  signaling
network[19,45,46]. Overexpression of miR-29 weakens collagen and matrix deposition in
HSCs through interfering with genes of fibrogenesis[46].

Few studies discuss the role of combining imaging parameters, such as ultrasound
elastography, with laboratory biomarkers in the detection and staging of hepatic
fibrosis,  but  the  results  of  such  assessments  overlap[12,13].  In  the  current  study,
combining ADC and miRs (200b, 21 and 29b) increased the sensitivity, specificity, and
accuracy for differentiating controls from patients with fibrosis. The combination of
ADC  with  miR-200  increased  the  AUC  for  detection  of  hepatic  fibrosis  and
differentiation of patients with early fibrosis from those with late fibrosis.

Regarding limitations of the current work: First, the small sample size limited the
statistical power. Therefore, further studies are needed at a larger scale to confirm the
results of this work. Second, the use of diffusion-weighted MR imaging may have
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Table 2  The median apparent diffusion coefficient and micro-RNAs values of patients versus
controls

Parameter Fibrosis, n = 208 Control, n = 82 P value

ADC 1.43 ± 0.22 1.92 ± 0.08 0.001

miR-200b 4.61 ± 1.21 1.20 ± 0.81 0.001

miR-21 2.70 ± 1.30 1.29 ± 0.40 0.001

miR-29b 0.58 ± 0.26 0.98 ± 0.16 0.001

Data  expressed  as  mean  and standard  deviation.  Student’s  t-test  was  used.  miR:  Micro-RNAs;  ADC:
Apparent diffusion coefficient.

limited  the  conclusions  of  our  findings.  Further  studies  using  recent  diffusion
modules such as diffusion kurtosis imaging and diffusion tensor imaging at 3-tesla
will improve the quality of the results. Third, this study used regions of interest for
localization, and further studies should be performed using advanced post-processing
methods, such as machine learning and histogram analysis[47-50].

In conclusion, we demonstrated that combining ADC and miRs offers a new non-
invasive method for diagnosis and staging of hepatic fibrosis in patients with chronic
hepatitis C.
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Table 3  The receiver operating characteristic curve results with cut-off values of apparent diffusion coefficient and serum markers for
patients and controls

Parameter AUC Cut-off point Sensitivity Specificity Accuracy

ADC 0.992 1.825 98.6% 97.0% 97.1%

miR-200b 0.925 1.65 92.3% 82.2% 91.2%

miR-21 0.865 1.35 82.2% 76.0% 84.2%

miR-29b 0.937 0.91 92.3% 81.7% 91.0%

ADC and miR-200b 0.995 - 100% 96.0% 96.9%

ADC and miR-21 0.992 - 100% 95.0% 96.2%

ADC and miR-29b 0.992 - 100% 95.9% 95.9%

ROC: Receiver operating characteristic curve; AUC: Area under the curve; miR: Micro-RNAs; ADC: Apparent diffusion coefficient.

Table 4  The median, minimum, and maximum values of apparent diffusion coefficient and serum markers of patients with early and late
fibrosis

Variables Early fibrosis, n = 112 Late fibrosis, n = 96 P value

ADC 1.5 ± 0.2 (1-1.9) 1.25 ± 0.17 (0.9-1.5) 0.001

miR-200b 3.43 ± 1.71 (1.0-1.4) 10.17 ± 4.81 (1-28.4) 0.001

miR-21 1.9 ± 0.7 (1.0-4.2) 3.6 ± 1.17 (1.0-6.34) 0.001

miR-29b 0.7 ± 0.12 (0.12-1.00) 0.4 ± 0.2 (0.07-1.00) 0.001

The data expressed as median and range. Mann-Whitney u test was used. ADC: Apparent diffusion coefficient; miR: Micro-RNAs.

Table 5  The cut-off values of apparent diffusion coefficient and micro-RNAs used to differentiate early from late fibrosis with areas under
the receiver operating characteristic curves, sensitivity, specificity and accuracy

Parameter AUC Cut-off point Sensitivity Specificity Accuracy

ADC 0.866 1.53 99.0% 67.0% 81.7%

miR-200b 0.888 3.55 90.6% 59.5% 73.5%

miR-21 0.877 2.38 91.7% 70.3% 80.2%

miR-29b 0.832 0.70 87.5% 60.7% 73%

ADC and miR-200b 0.925 - 71.7% 97.2% 80.2%

ADC and miR-21 0.88 - 72.3% 97.5% 83.2%

ADC and miR-29b 0.879 - 74% 96.5% 85.1%

AUC: Area under the curve; miR: Micro-RNAs; ADC: Apparent diffusion coefficient.

WJG https://www.wjgnet.com March 21, 2019 Volume 25 Issue 11

Besheer T et al. Hepatic fibrosis diagnosis with micro-RNA and MRI

1373



Figure 2

Figure 2  Receiver operating characteristic curve of patients vs controls. A: The cut-off apparent diffusion coefficient value used for differentiating patients from
controls is 1.83 × 10-3 mm2/s with an area under the curve of 0.992, sensitivity of 98.6%, and accuracy of 97.1%; B: The combination of apparent diffusion coefficient
and miR-200b used for differentiating patients from controls shows an area under the curve of 0.995, sensitivity of 100%, and specificity of 96.9%.

Figure 3

Figure 3  Receiver operating characteristic curve of early and late fibrosis. A: The cut-off apparent diffusion coefficient value for differentiating early from late
fibrosis is 1.54 × 10-3 mm2/s with an area under the curve of 0.866, sensitivity of 99.0% and accuracy of 81.7%; B: Combining apparent diffusion coefficient and miR-
200b to differentiate early and late fibrosis patients shows an area under the curve of 0.925, sensitivity of 71.7% and accuracy of 80.2%.

ARTICLE HIGHLIGHTS
Research background
Hepatitis C virus infection is considered one of the most widespread causes of chronic liver
disease that results in cirrhosis, fibrosis together with portal hypertension, and hepatocellular
carcinoma. When it  is  possible to diagnose early hepatic fibrosis,  the therapy will  be more
effective in the reduction of hepatic decompensation and improvement of patient survival. Liver
biopsy is considered the gold standard for early detection of hepatic fibrosis, but it is invasive
and has many side effects. Multiple non-invasive laboratory and imaging modalities could be
used in detection and quantification of hepatic fibrosis but have variable accuracy. The liver
contains multiple micro-RNAs (miR) (21, 200b and 29b) that have been correlated to the presence
and degree of hepatic fibrosis.  Magnetic resonance imaging (MRI) with diffusion-weighted
imaging and apparent diffusion coefficient (ADC) can also detect and are correlated with hepatic
fibrosis.

Research motivation
Early detection and staging of hepatic fibrosis are of great value in treatment of chronic liver
disease caused by hepatitis C virus. The available methods to detect and stage fibrosis are either
invasive (like biopsy) or non-invasive (like laboratory and imaging), which is not accurate. The
combination of serum markers of hepatic fibrosis (miR 21, 200b and 29b) together with MRI with
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diffusion-weighted imaging is a potential new dependable and non-invasive method to help in
early detection and staging of hepatic fibrosis and cirrhosis.

Research objectives
In this prospective study, we evaluated the role of combining ADC and miR (21, 200b and 29b)
as an alternative non-invasive tool for detection and staging of hepatic fibrosis in patients with
chronic hepatitis C viral infection.

Research methods
From October 2012 to December 2015, 215 consecutive patients with histopathological evidence
of chronic hepatitis C virus cirrhosis were included in our study. Seven cases were excluded, so
the final number of the study patients was 208. Diffusion-weighted MRI (DWI) together with
hepatitis C serum markers and serum miR (21, 200b and 29b) were performed for all patients.
The MRI and laboratory results were compared with that of the control group containing 82
normal volunteers and with the results of liver biopsy histopathological examination.

Research results
In the current study, it was found that there was a significant decrease in ADC values in patients
with early hepatic fibrosis and late fibrosis when compared to controls. Combining ADC results
and miR data (200b, 21 and 29b) provided a highly sensitive,  specific,  and accurate tool to
differentiate patients with hepatic fibrosis from normal control patients. This tool was best at
differentiating patients from controls, with and accuracy of 96.9% and had an accuracy of 80.2%
for differentiating early from late fibrosis.

Research conclusions
Combination of ADC and miR (21, 200b and 29b) is considered a safe, easy, and non-invasive
tool in the detection and staging of hepatic fibrosis resulting from chronic hepatitis C viral
infection.

Research perspectives
Combining imaging and laboratory results in detection and staging of hepatic fibrosis resulting
from chronic hepatitis C virus infection is a valuable method because it is easy and non-invasive.
However, a study with more patients will generate more accurate results. Also, use of advanced
MRI machines with advanced post processing technology like diffusion tensor and diffusion
kurtosis will improve the effectiveness and power of our findings.
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