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Abstract

Background: Due to their overlapping radiological characteristics, hepatic lesions, such as hepatocellular carcinoma
(HCC) and hepatocellular adenoma (HCA), present a substantial diagnostic challenge. Accurate differentiation
between HCC and HCA is essential for the best clinical treatment and therapeutic decision-making. This study aims
to assess the potential role of DCE-MRI and Apparent Diffusion Coefficient (ADC) quantitation in the diagnosis of
hepatocellular carcinoma (HCC) from hepatocellular adenoma (HCA). Methods: 103 patients (56 HCC, 47 HCA) with
histopathologically proven hepatocellular lesions were the subjects of a cross-sectional investigation. A standardized
imaging technique was used for DCE-MRI on all patients. Diffusion-weighted imaging (DWI) provided the ADC
values. The diagnostic efficacy of DCE-MRI and ADC in differentiation was evaluated using statistical analyses, such
as t-tests and receiver operating characteristic (ROC) curve analysis. SPSS VER 16 was used for the analysis of the
collected data. Results: A total of 103 patients (female: male=52:51, 57.14+3.09 years) were included in the study. The
study revealed significant differences in DCE-MRI parameters and ADC values between HCC and HCA lesions. ADC
value was significantly lower in HCC than in HCA (p < 0.001). The area under the curve (AUC) was 0.78 (95% CI:
0.69-0.87) for ADC, 0.84 (95% CI: 0.76-0.91) for K, and 0.72 (95% CI: 0.62-0.82) for V.. Sensitivity and specificity
for ADC were 76.59% and 71.42%, respectively. Also, PPV and NPV of ADC were 69.23% and 78.43%, respectively.
Sensitivity and specificity for K were 82.14% and 76.59%, respectively. Also, PPV and NPV of K were 80.7%
and 78.26%, respectively. Conclusion: In conclusion, DCE-MRI-derived parameters, along with ADC values, exhibit
promise as non-invasive tools for differentiating HCC from HCA.
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Introduction

Hepatocellular carcinoma (HCC) and hepatocellular
adenoma (HCA) are two different liver cancers that pose
substantial difficulties in proper diagnosis and therapy
due to their overlapping radiological and histological
characteristics [1]. It is essential to distinguish between
these entities since they have unique clinical behaviors
and therapeutic approaches. Interobserver variability and
sampling mistakes may limit conventional diagnostic
techniques like histopathological investigation [2]. HCC
is still the fourth most common cancer-related cause of
death worldwide. Developing new efficient methods is
important because clinical diagnosis and treatment options
are still somewhat limited [3].

Using cutting-edge imaging techniques, quantitative
imaging analysis involves objectively evaluating tumor
properties, such as size, shape, texture, and enhancing

patterns. In this setting, imaging techniques, including
positron emission tomography (PET), contrast-enhanced
computed tomography (CT), and magnetic resonance
imaging (MRI), have become more popular [4].
These methods can offer essential insights into the
pathophysiological variations between HCC and HCA
using quantitative parameters, including tumor density,
perfusion, and metabolic activity [5].

Dynamic contrast-enhanced (DCE) imaging involves
the acquisition of serial images during the passage of a
contrast agent through the vascular system and tissues
[6]. K, (transfer constant), Kep (rate constant), and V,
(extravascular extracellular volume fraction) are three of
the derived parameters that show promise as quantitative
metrics for revealing tumor vascularization, perfusion,
and permeability. Recent studies have focused on these
variables because they provide insightful data beyond
traditional morphological assessments [7].
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K. the rate of contrast agent transfer between the
blood plasma and the extravascular extracellular space,
reflects tissue perfusion and capillary permeability [8]. K.
the efflux rate constant from the extravascular extracellular
space, provides insights into the vascular exchange and
leakage [9]. V, is a representation of the tumor tissue’s
fractional extracellular volume. DCE imaging provides
a functional perspective that can help characterize the
underlying pathophysiology of liver lesions by examining
these characteristics [10].

The effectiveness of K, K, and V,_ in distinguishing
HCC from HCA has been investigated in several studies.
A study by Bane et al. [11] showed that K values
were significantly higher in HCC compared to HCA,
demonstrating the more aggressive angiogenic nature
of HCC. In a different study by Lewin et al. [12], it was
found that HCC had raised Kep values, which indicated
enhanced vascular permeability, while HCA had higher V,
due to more sinusoidal gaps. These results imply that these
variables might be biomarkers to differentiate between
the two entities.

The ADC reflects the mobility of water molecules
within tissues, which is produced from diffusion-weighted
imaging (DWI). Different cellular designs and densities
between HCC and HCA lead to different water diffusion
properties [13]. HCC often displays lower ADC values
due to its increased cellular density and constrained
water diffusion than the somewhat less cellular and
more diffusely structured HCA. ADC results can be
quantitatively analyzed to produce data that can be used
to differentiate between various lesions [13].

The present study aims to evaluate the potential
role of DCE-MRI and ADC quantitation in diagnosing
hepatocellular liver tumors. A thorough comprehension of
the quantitative insights offered by K _ , K. and V, may
improve the precision of diagnosis and guide treatment
choices, resulting in better outcomes for patients with
HCC and HCA.

Materials and Methods

Study Design and Patients Selection

This prospective cross-sectional study aimed to
assess the utility of DCE-MRI and ADC quantitation for
differentiating HCC from HCA. Ethical approval was
obtained from Tehran University of Medical Sciences,
International Campus (TUMS-IC), code (IR.TUMS.
SPH.REC.1398.227). We identified 103 patients with
hepatocellular liver tumors (51 men and 52 women, ages
18 to 86) referred to our institution for response assessment
after receiving ethical approval from the Tehran University
of Medical Sciences, International Campus (TUMS-IC).
These patients were assessed by conventional MRI with
DCE perfusion and compared with histopatholograms.

Study Population: The study was carried out in
the Medical Imaging Center of the Imam Khomeini
Hospital. Inclusion criteria encompassed patients with
histopathologically confirmed HCC or HCA, pre-treatment
DCE-MRI, diffusion-weighted imaging (DWI) data
availability, and no prior treatment interventions. Patients
with contraindications to MRI or gadolinium-based
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contrast agents were excluded.

Imaging Protocol

MRI scans were done on patients using a Philips
Ingenia 1.5 Tesla MRI scanner (Philips Medical System,
Amsterdam, the Netherlands) with a dedicated phased-
array abdominal coil.

T1-weighted, T1 in and out phase, T2-weighted, and
heavy T2 pulse sequences were used to examine the
images by the differences in the signal strength, site, shape,
size, and relationship of the lesions to the surrounding
structures at the noncontract. The dynamic pictures from
our Gd-DTPA MRI research were then evaluated to look
for any differences in the enhancement pattern of the
lesions with an accurate localization. We examined the
diffusion-weighted imaging (DWI) research with the
b-value (50,400,800) to assess the additional diagnostic
value in identifying and characterizing the hepatic focal
lesions. When a lesion showed higher signals to the healthy
liver parenchyma on high-b-value images and when the
ADC (apparent diffusion coefficient) map revealed a value
lower than or equal to the liver parenchyma, restricted
diffusion was considered. Readers assessed the ADC map
qualitatively by contrasting it with the parenchyma of the
normal surrounding liver. The T2 shine-through effect,
observed in hemangiomas and cysts, is thought to be the
bright signal on both diffusion pictures and ADC maps.

Assingle observer (H.J.T., with five years of abdominal
imaging experience) blinded to the clinical history,
imaging reports, and pathologic outcomes evaluated the
ADC values for each lesion. On the MR console, ADC
maps were obtained using post-processing software. The
regions of interest (ROIs) were placed on the ADC maps
and meticulously drawn by hand to contain the whole
lesions without necrotic cores if present. The locations
of lesions that were difficult to spot on DWI were found
using T2-weighted and/or contrast-enhanced T1-weighted
images. To prevent intrahepatic vessels and motion
artifacts, the ROIs in the surrounding organ. The average,
minimum, maximum, and standard deviation values of
each ADC were determined based on three measurements.

Data analysis

All patients” MRI images were evaluated and analyzed
by a committee of highly experienced radiologists in a
medical imaging center, who were blind to abnormal
outcomes. Members of our institution’s pathology
department evaluated histopathology.

The statistical data were analyzed using SPSS, t-tests,
and chi-square. P-values of 0.05 or below were considered
significant for all outcomes. Diagnostic indices for MR
imaging techniques were calculated based on sensitivity,
specificity, positive and negative predictive values, and
positive and negative probability ratios.

Diagnostic Indices Calculation
Sensitivity

Defined as the proportion of true positive cases
(correctly identified HCC) among all individuals with
HCC. It is calculated using the formula:
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True Positives
X 100%

Sensitivity =
v True Positives + False Negatives

Specificity

Indicates the proportion of true negative cases
(correctly identified HCA) among all individuals with
HCA. It is calculated as follows:

True Negatives

X 1009
True Negatives + False Positives 00%

Specificity =

Positive Predictive Value (PPV)

Represents the probability that a patient with a
positive test result truly has HCC. It is calculated using
the formula:

True Positives
True Positives + False Positives

PPV = X 100%

Negative Predictive Value (NPV)
Indicates the probability that a patient with a negative
test result truly does not have HCC. Calculated as:

True Negatives
x 100%

~ True Negatives + False Negatives

Results

A total of 103 patients (Female: male= 52:51,
56.1743.09 years) were included in the study (Table 1).
Table 2 reports the mean and standard deviation for the
values of each MRI parameter in both HCC and HCA
groups. According to the reported results based on analysis
with the Mann-Whitney test, the difference in the values
of each of the MRI parameters (ADC, K, Kep, V)
between the HCC and HCA groups is significant, and the
p-value for each of these parameters is less than 0.001.
(Figure 1) (p<0.001).

Based on the analyses, the diagnostic value of each

Table 3. The Optimal Diagnostic Performance of ADC, K
on ROC Curve Analysis

Table 1. Demographic and Clinical Feature of the
Studied Population

Population feature
Gender N(%)

Male 51(49.5)

Female 52(50.5)
Age (Mean + SD) 56.17+3.09
Lesion number (Mean + SD) 1.95+1.27
Lesion size in mm (Mean + SD) 15.74+8.17

trans’

Table 2. The Difference between MRI Parameters (ADC,
K e K and V) for HCC and HCA Lesions

trans’ e

N Mean+SD P-value

ADC-mean HCC 56 1.23+0.36 <0.001
HCA 47 1.67+0.43

rans HCC 56 0.90+0.21 <0.001
HCA 47 0.60+0.19

K, HCC 56 2.44+1.01 <0.001
HCA 47 1.63+£0.92

Vv, HCC 56 0.22+0.18 <0.001
HCA 47 0.34+0.19

MRI parameter alone for differentiating HCC from HCA
is reported for ADC, K, Kep, and V_ parameters. ROC
curves for MRI parameters are shown in Figure 2, Figure
3, and Figure 4. The true positive rate (also known as
sensitivity) is plotted on the y-axis of the ROC curve
above. At the same time, the false positive rate (also known
as | - specificity) is plotted on the x-axis. The proportion
of true positives that are accurately detected is measured
by sensitivity, whereas the proportion of actual negatives
is measured by specificity.

The AUC and optimal cut-off and the relevant
sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV), and positive and

Kep, and V, to Differentiate HCA and HCC Lesions based

Sensitivity ~ Specificity AUC PPV NPV Optimal Cut-off
ADC 76.59% 71.42% 0.78 (95% CI: 0.69-0.87) 69.23% 78.43% 1.44
K,.. 82.14% 76.59% 0.84 (95% CI: 0.76-0.91) 80.70% 78.26% 0.746
K.’ 83.92% 51.06% 0.71 (95% CI: 0.62-0.81) 67.14% 72.72% 1.529
\A 74.46% 69.64% 0.72 (95% CI: 0.62-0.82) 67.30% 76.47% 0.251

'forward volume transfer constant; *reverse volume transfer constant; *extravascular extracellular space volume fraction
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Figure 2. The ROC Curve of ADC Values for Differentiating HCC and HCA Lesions.

negative likelihood ratios for all MRI parameters (DCE
V. K, DCEK, ) areextracted from ROC curve (Figure
2,3). The sensitivity, specificity, PPV, and NPV in the best

Table 4. The Result of Diagnosis based on an Optimal
Cut-off of ADC, K, Kep, and V, to Differentiate HCA
and HCC Lesions

cut-off for each parameter are reported in Table 3. Also,
the true positives, true negative, false positive, and false
negative for the cut-off is reported in Table 4.

Discussion

Due to their similar radiological characteristics,

True True False False the differentiation between HCC and HCA remains a
Positive  Negative Positive  Negative diagnostic challenge. In the present study, we evaluated
ADC 36 40 16 11 the role of DCE-MRI and ADC as non-invasive methods
46 36 1 10 for differentiating between these entities.
trans . .
K 4 " ’ 9 Our study showed that the pharmacokinetic parameters
P obtained from DCE-MRI differed noticeably between
V. 35 39 17 12 HCC and HCA. In comparison to HCA, the K values
» ROC Curve
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Figure 3. The ROC Curve of K

trans
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Figure 4. The ROC Curve of V, Values for Differentiating HCC and HCA Lesions

in HCC were substantially higher. This finding aligns with
carlier studies that highlight the aggressive angiogenic
character of HCC, which leads to elevated contrast agent
uptake and enhanced microvascular permeability [14].
As a result of its less aggressive vascularization and the
presence of sinusoidal spaces, HCA displayed lower K
values in contrast. These results are consistent with studies
that have shown the value of DCE-MRI in classifying liver
lesions according to their vascular characteristics [15, 16].

It has been shown that changes in ADC values occur
soon after treatment and strongly correspond with tumor
necrosis [17]. Additionally, MRI is chosen over all other
imaging techniques for detecting HCA tumors and their
subtypes. According to recommendations, a dynamic
MRI or CT scan should be performed once an ultrasound
reveals a nodule in a patient’s liver [ 18]. However, several
clinical guidelines for identifying HCC currently specify
DCE-MRI as the first-line imaging technique due to its
excellent diagnostic accuracy [18]. The study conducted
by Abdullah et al. (2024) showed that employing texture
analysis on ADC MR images offers a feasible and
objective methodology for discerning HCA from HCC in
the liver [19]. According to Lee et al., study DWI using
an ADC map is a quantitative imaging technique that is
not significantly impacted by changes in gain factors.
Additionally, several parameters obtained from ADC
revealed significant differences between benign and
malignant soft-tissue tumors [20].

Our analysis of the ADC values further enhanced the
differentiation between HCC and HCA. When compared
to HCA, the ADC values were much lower in HCC.
The variation in cellular density and tissue architecture
between the two lesions is responsible for this variance.
Due to its high cellularity level, HCC exhibited restricted
water diffusion and subsequently lower ADC values [21].
In contrast, the less cellular nature of HCA allows for

more unrestricted diffusion and larger ADC values. These
ADC results support the ability of DWI to identify the
features of hepatic lesions [18]. K values were observed
to be considerably greater in HCC lesions compared to
HCA lesions in the study by Taouli et al. [22], indicating
enhanced microvascular permeability and angiogenesis
in HCC. Additionally, HCC had higher K, values than
normal, indicating more contrast agent extravasation. Due
to the increasing number of sinusoidal spaces in HCA, V,
values were discovered to be higher. These results showed
the ability of DCE-MRI-derived parameters to distinguish
between these hepatic lesions. In line with increased tumor
vascularity and permeability, the findings of the Ichikawa
etal. [23] study showed that K values were considerably
higher in HCC than in HCA. V, values were discovered
to be lower in HCC, reflecting the lesions’ more cellular
and compact character. K values were found to be
significantly higher in HCC lesions compared to HCA
lesions, according to Kwon et al. [24], indicating enhanced
neovascularization and angiogenesis. V, values in HCC
were lower, indicative of higher cellularity and decreased
sinusoidal spaces. According to the study, combining
these DCE-MRI factors could improve the differentiation
accuracy between HCC and HCA.

The unique DCE-MRI signatures observed result from
the differences in vascularity, permeability, and cellular
composition between these two types of hepatic lesions.
However, it’s important to note that while these studies
provide valuable insights, further research, and validation
are necessary to establish standardized criteria for using
these parameters in clinical practice [25].

However, several limitations warrant consideration.
The sample size in our study was relatively modest, and
further investigations with larger cohorts are needed to
validate our findings and establish more robust diagnostic
thresholds. Additionally, the date of sampling for our study
935
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occurred between 2021 and 2022, and this was the most
challenging time because of the coronavirus pandemic,
the fear of cancer patients visiting hospitals due to their
weakened immune systems, and their concern about
contracting the Coronavirus, and other factors. In the
end, the occurrence of some interruptions in the work
of the MRI machine due to maintenance or technical
malfunctions.

In conclusion, Our study shows that DCE-MRI
and ADC quantification are valuable methods for
distinguishing HCC from HCA. Combining functional
information from DCE-MRI and microstructural data
from ADC studies makes a complete knowledge of hepatic
lesions possible. Integrating these advanced imaging
techniques holds promise for enhancing diagnostic
accuracy and ultimately improving patient outcomes in
managing hepatocellular liver tumors.
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