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Abstract

Purpose To investigate the feasibility of prediction for targeted therapy-related gene expression in hepatocellular carcinoma
(HCC) using preoperative gadoxetic acid-enhanced magnetic resonance imaging (MRI).

Materials and methods Ninety-one patients (81 men, mean age 53.9 + 12 years) with solitary HCC who underwent preoperative
enhanced MRI were retrospectively analyzed. Features including tumor size, signal homogeneity, tumor capsule, tumor margin,
intratumoral vessels, peritumor enhancement, peritumor hypointensity, signal intensity ratio on DWI, T1 relaxation times, and the
reduction rate between pre- and post-contrast enhancement images were assessed. The operation and histopathological evaluation
were performed within 2 weeks after MRI examination (mean time 7 days). The expression levels of BRAF, RAF1, VEGFR2, and
VEGFR3 were evaluated. The associations between these imaging features and gene expression levels were investigated.
Results Tumor incomplete capsules or non-capsules (p =0.001) and intratumoral vessels (p = 0.002) were significantly associ-
ated with BRAF expression, and tumor incomplete capsules or non-capsules (p = 0.001) and intratumoral vessels (p = 0.013) with
RAF1 expression. There was no significant association between the expression of VEGFR2, VEGFR3, and all examined MRI
features. Multivariate logistic regression showed that incomplete tumor capsule (p =0.002) and non-capsule (p =0.004) were
independent risk factors of HCC with high BRAF expression; incomplete tumor capsule (p < 0.001) and non-capsule (p = 0.040)
were independent risk factors of HCC with high RAF] expression.

Conclusion The presence of incomplete capsule or intratumoral vessels and the absence of capsule are potential indicators of high
BRAF and RAFI expression. Gadoxetic acid—enhanced MRI may facilitate the choice of gene therapy for patients with HCC.
Key Points

* Incomplete tumor capsule and non-capsule were independent risk factors of HCC with high BRAF and RAF'I expression.

o The presence of intratumoral vessels was a potential indicator of high BRAF and RAF1 expression.

* Gadoxetic acid-enhanced MRI may be a predictor of efficacy of treatment with sorafenib.

Keywords Magnetic resonance imaging - Hepatocellular carcinoma - Gene therapy - Gadoxetic acid

Zhi Dong and Kun Huang contributed equally to this work.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00330-018-5882-4) contains supplementary
material, which is available to authorized users.

P4 Zi-Ping Li 2 Department of Radiology, Guizhou Provincial People’s Hospital, No.
liziping163@163.com 83 East Zhongshan Road, Guiyang 550002, Guizhou, China

P4 Shi-Ting Feng > Department of Pathology, The First Affiliated Hospital, Sun Yat-Sen
fengsht@mail.sysu.edu.cn University, 58th, The Second Zhongshan Road,

Guangzhou 510080, Guangdong, China

Department of Radiology, The First Affiliated Hospital, Sun Yat-Sen 4 Faculty of Medicine and Dentistry, University of Western Australia,

University, 58th, The Second Zhongshan Road, 35 Stirling Hwy, Crawley, WA 6009, Australia
Guangzhou 510080, Guangdong, China

1

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-018-5882-4&domain=pdf
http://orcid.org/0000-0002-0869-7290
https://doi.org/10.1007/s00330-018-5882-4
mailto:liziping163@163.com
mailto:fengsht@mail.sysu.edu.cn

Eur Radiol (2019) 29:2272-2282

2273

Abbreviations

ADC Apparent diffusion coefficient
DWI Diffusion-weighted image
ECM Extracellular matrix

HCC Hepatocellular carcinoma
MMP Matrix metalloproteinase

OR Odds ratio

TIWI T1-weighted image

T2WI T2-weighted image

T1p% Percentage of decrease in T1 relaxation time in the
hepatocellular phase

Tlg T1 Relaxation time in the hepatocellular phase

Tly T1 Relaxation time on non-enhanced scan

VEGFR  Vascular endothelial growth factor receptor

VIBE Volume interpolated breath-hold examination

Introduction

Hepatocellular cancer (HCC) has become a serious threat to
human health [1, 2]. To date, drug-targeted therapy is one
option for the treatment of advanced HCC not appropriate
for surgery or ablation. Sorafenib is the most commonly ad-
ministrated HCC-targeted drug approved by the Food and
Drug Administration (FDA) [3]. The main action site of so-
rafenib is Raf-1 and B-Raf. It blocks the Ras/Raf/MEK/ERK
signaling pathway, directly inhibiting tumor proliferation. It
also acts on vascular endothelial growth factor receptor
(VEGFR) 2 and VEGFR3, and others, which indirectly inhibit
tumor growth through anti-angiogenesis effects [4, 5].
Although drug-targeted therapy can improve the prognosis
of some patients with advanced HCC [4-6], not all patients
benefit from sorafenib. It was reported that the efficiency of
sorafenib was approximately 43% [4]. Differences in treat-
ment outcomes may be attributable to the target gene
heterogenicity of HCC [7, 8]. Previous studies have reported
that only some cases of HCC were found to have a BRAF-
activated mutation and the expression level of VEGF differed
among patients [9-11]. More and more studies showed that
differences in the expression levels of target genes resulted in
response differences in HCC with sorafenib treatment. A re-
cent study showed that HCC patients with overexpressed
RAF1 had better treatment effect with sorafenib and longer
survival time compared to patients with weak RAF1 expres-
sion [12]. Other studies have also reported differences in the
treatment effect of drug-targeted therapy in patients with dif-
ferences in BRAF expression [13, 14]. Finally, HCC patients
with overexpressed VEGFR had better treatment effect with
sorafenib compared to patients without VEGFR expression
[15]. Therefore, in order to achieve the best cost/
performance ratio, detection of target gene expression before
drug-targeted treatment might become important.

Preoperative gene detection of HCC relies on lesion biopsy.
However, biopsy might not reflect the overall tumor due to
heterogeneity [16] and exposes the patient to complications
such as bleeding and tumor seeding [17, 18]. The hepatobiliary
phase image after gadoxetic acid enhancement improves the
lesion detection and characterization [19, 20].

Some studies have correlated imaging features and gene
expression. Segal et al [21] found a correlation between
intratumoral vessels and CDK4, MCM35, and other vascular
invasion-related genes. Thaiss et al found a strong correlation
between VEGFR-2 and CT perfusion parameters [22].
However, to date, there has been no report focusing on the
relationship between MRI features of HCC and BRAF, RAF I,
VEGFR?2, and VEGFR3 gene expression.

This study aimed at analyzing which qualitative and quan-
titative gadoxetic acid—enhanced MR image features were as-
sociated with the presence of BRAF, RAF1, VEGFR2, and
VEGFR3 gene expression.

Materials and methods

This study was conducted in accordance with ethical guide-
lines for human research and was compliant with the Health
Insurance Portability and Accountability Act (HIPAA); as
such, the study received institutional review board (IRB) or
ethical committee approval, and written informed consent was
obtained from all patients in the study.

Study population

We retrospectively analyzed 91 patients with HCC (age 25—
84, mean 53.9 + 12 years; males/females, 8§1/10 evaluated in
our hospital from November 2011 to August 2016. The inclu-
sion criteria were as follows: (1) postoperative pathology-
confirmed HCC:; (2) solitary lesion; (3) preoperative gadoxetic
acid—enhanced MRI examination; (4) no distant metastases;
(5) operation performed within 2 weeks after MRI examina-
tion; (6) no treatment received for HCC before the MR exam-
ination and surgical resection.

The exclusion criteria were as follows: (1) absence of MRI
or absence of injection; (2) history of other malignancies; (3)
incomplete clinical or pathological information; (4) poor-
quality MRI that could not meet the requirement for evalua-
tion of image features (Fig.1).

MRI

All patients underwent upper abdominal MR examination
using a 3 T Magnetom trio (Siemens Healthineers). The main
sequences and parameters were as follows: half-Fourier sin-
gle-shot turbo spin-echo sequence for localization, T1-
weighted image (T1WI), T2-weighted image (T2WI),
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[161 cases which met the inclusion criteria J

[ 1. general MRI exclusion criteria (23) ]

[2. history of other malignancies (7) ]

70 cases were
excluded

[3. incomplete clinical or pathological information (18) ]

[4. MR images with poor quality (22) ]

[91 cases finally enrolled in the study ]

Fig. 1 Flow chart of inclusion and exclusion of patients enrolled

diffusion-weighted image (DWI, b = 50, 800 s/mmz), T1 map-
ping, and dynamic gadoxetic acid—enhanced sequence using
volume interpolated breath-hold examination (VIBE) T1-
weighted gradient echo imaging with fat suppression. The
injection volume of contrast medium was 0.025 mmol/kg at
a rate of 2 mL/s; then, the catheter was flushed with 30 mL
0.9% sodium chloride solution (NaCl), at the same rate of
2 mL/s. The dynamic gadoxetic acid—enhanced sequence be-
gan 13-25 s after contrast agent injection using VIBE T1-
weighted gradient echo imaging with fat suppression. The
arterial, portal venous, and equilibrium phases were acquired
at 1343 s, 50-80s, and 95-120 s, respectively. The hepatic
phase was acquired 20 min after contrast agent injection.
Specific MR sequences and parameters are shown in supple-
mentary Table 1.

Image analysis

The images were evaluated by two experienced radiologists
(6 years and 15 years of experience respectively) who were
blinded to the pathological results. The qualitative image fea-
tures (tumor thrombus, signal intensity, tumor capsule status,
tumor margins, intratumoral vessels, peritumoral enhance-
ment, and peritumoral hypointensity) were confirmed by con-
sensus between the two radiologists. The quantitative charac-
teristics were obtained by averaging the two evaluation
results.

Assessment of qualitative features [23-25] (Figs. 2, 3): (1)
tumor thrombus: filling defect in the portal or hepatic vein
with dominant enhancement in the arterial phase and washout
in the portal venous phase; (2) signal intensity: assessment of
the uniformity of tumor signal intensity on transverse T2WI;
(3) tumor capsule: the thin rim with hyperintensity at the edge
of tumor in the delayed phase was considered to be the tumor
capsule. According to the existence of capsule sign, tumors
were defined as capsular or non-capsular. Capsular tumors
were further divided into having a complete or incomplete
capsule; (4) tumor margins: according to the morphology in
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the hepatobiliary phase, the tumors were divided into four
types: smooth solitary nodule, protruding nodule, fusion of
multiple nodules, and irregular infiltration type; (5)
intratumoral vessels: visible vessels in the tumor in the arterial
phase; (6) peritumoral enhancement: the patchy or crescent-
shaped area around the tumor with hyperintensity in the arte-
rial phase and isointensity in the portal phase and equilibrium
phase; (7) peritumoral hypointensity: the irregular or wedge-
shaped area around the tumor with hypointensity in the
hepatobiliary phase.

The quantitative characteristics included the maximum di-
ameter of the tumor, apparent diffusion coefficient (ADC)
value, and percentage of decrease in T1 (T1p%). The maxi-
mum diameter of the tumor was measured in the hepatobiliary
phase, based on axial and coronal images. The ADC value, T1
relaxation time on non-enhanced scan (T1y), and the hepato-
cellular phase (T1g) were obtained at the level of the tumor’s
solid component, avoiding necrosis, vessels, and artifacts,
with the region of interest being as large as possible. Tlpg,
was calculated as follows: Tlpg, = (Tly-T1g)/T1y.

Gene expression analysis
Sample

Gross samples were surgically removed from the patients with
HCC. The intratumoral specimens were obtained from seven
sites in the original lesion avoiding necrotic and bleeding
areas. All the specimens were subjected to immunohistochem-
ical staining of Raf-1, B-Raf, VEGFR2, and VEGFR3.

Result interpretation

To interpret a positive sign, we considered that Raf-1 shows
yellow/brown staining of the cell membrane and cytoplasm,
B-Raf shows yellow/brown staining of the nucleus, mem-
brane, and cytoplasm, VEGFR2 shows yellow/brown staining
of the cell membrane, and VEGFR3 shows yellow/brown
staining of the cell membrane (Fig. 4).

The specimen slides were independently read by two pa-
thologists (10 years and 21 years of experience, respectively),
and the average score was regarded as the final result. The
scoring method was two-staged and the score was the product
of staining density and positive cell counting. The mean score
of seven sampling points was considered to be the scoring
result of each lesion. The staining density was classified as
follows: negative, 0 point; faint yellow, 1 point; yellow, 2
points; brown or dark brown, 3 points. The positive cell count
was the percentage of positive cells in 100 cells in % 10 high
magnification, which was divided into four categories: 0—
10%, 0 point; 11-25%, 1 point; 26-50%, 2 points; 51-75%,
3 points; >75%, 4 points. Considering the median score as a
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Fig. 2 Qualitative features of
HCC. Assessment of qualitative
features including tumor
thrombus, signal intensity, tumor
capsule, tumor margins,
intratumoral vascular, peritumoral
enhancement, and peritumoral
hypointensity

tumor thrombosis
(portal venous phase)

signal intensity
(T2WI)

homogeneous

tumor capsule
(equilibrium phase)

complete capsule

tumor margins
(hepatobiliary phase)

smooth solitary nodule

peritumoral hypointensity
(hepatobiliary phase)

peritumoral hypointensity

other features

(arterial phase)

intratumoral vessels

dividing line, the gene expression level was divided into a
high-expression group and a low-expression group [11].

Statistical analysis

The interobserver agreement between the two experienced
radiologists and the two pathologists were evaluated using
the kappa agreement test. Non-parametric tests were used to
evaluate the differences among different MRI qualitative char-
acteristics groups. The multiple MRI feature groups were an-
alyzed with the Kruskal-Wallis H test, and comparisons be-
tween every two groups were also performed. Binary MRI
features were analyzed with the Mann-Whitney U test. The
correlation between quantitative MRI features and gene ex-
pression was analyzed with Spearman’s correlation.

Variables with statistical difference in the univariate analy-
sis were entered in a logistic regression model, using the for-
ward (condition) method for screening, with 0.05 as the inclu-
sion criterion and 0.1 as the exclusion criterion. P <0.05 in-
dicated statistical significance.

All statistical analyses were performed using SPSS 20.0
(IBM Corp.).

®

portal vein thrombosis

=N

®
©

®

\

heterogeneous

\

incomplete capsule non-capsular

protuding nodule fusion of multiple nodules irregular infiltration

©

without peritumoral hypointensity

peritumoral enhancement

Results
Gene expression results

Gene expression scores of BRAF, RAF1, VEGFR2, and
VEGFR3 were recorded and compared with imaging features
in each patient (Fig. 5). The median scores were 4.00, 8.00,
1.00, and 2.00, respectively (Fig. 6). The inter-reader agree-
ment is shown in supplementary Table 2.

Qualitative MRI features

Tumor thrombi were found in 10 cases (11%), while no
thrombus was found in the other 81 cases (89%); the signal
intensity of the tumor was homogeneous in 24 cases (26%)
and heterogeneous in 67 cases (74%); there were 16 tumors
with complete capsules (18%) and 62 tumors with incomplete
capsules (68%); the other 13 tumors had no capsule (14%).
There were 15 cases of smooth solitary nodules (16%), 50
cases of protruding nodules (55%), and 26 cases where the
tumors were a fusion of multiple nodules. There were 43 cases
with intratumoral vessels (47%) and 48 cases without (53%).
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Fig. 3 MR image features in HCC patients. a Peritumoral enhancement
(black arrow); b intratumoral vessel (black arrow); ¢ peritumoral
hypointensity (black arrow); d—f show tumor margins including smooth

There were 29 cases with peritumoral enhancement (32%),
and 62 cases without (68%). Peritumoral hypointensity was
found in 29 cases (32%), while no peritumoral hypointensity
was found in the other 62 cases (68%). The interobserver
agreement of qualitative MRI features between the two expe-
rienced radiologists is shown in Table 1.

Quantitative MRI features

The maximum diameters of 91 HCCs were measured, ranging
from 17.00 to 168.00 mm; the average value was 52.30+
34.00 mm. Sixty-five cases underwent DWI and the ADC
values were measured. The range of ADC values was (0.54—
2.16) x 10> mm?%/s; the average value was (1.05+0.27) x
10~ mm®/s. Thirty-six cases underwent T1 mapping and the
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nodule, protruding nodule and fusion of multiple nodules, respectively;
g—i show tumor capsule status: complete, incomplete capsule and non-
capsule

T1 values were measured. The range of Tlpg, was 0.2-0.9,
and the average value was 0.39+0.15.

Correlation analysis
BRAF gene

Univariate analysis showed that the BRAF gene expression
level was statistically different among the complete, incom-
plete, and no-capsule groups (p =0.000), and between the
intratumoral vessel group and the no-intratumoral vessel
group (p =0.002). No statistical difference was found among
the other qualitative MRI feature groups (Table 2). There was
no statistical association between the BRAF gene expression
level and quantitative MRI features (p > 0.05) (Table 3).
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Fig. 4 Immunohistochemical
staining of BRAF, RAF1,
VEGFR2, and VEGFR3. B-Raf
shows yellow/brown staining of
the nucleus, membrane, and cy-
toplasm. Raf-1 shows yellow/
brown staining of the cell mem-
brane and cytoplasm. VEGFR2
shows yellow/brown staining of
the cell membrane, and VEGFR3
shows yellow/brown staining of
the cell membrane

Multivariate analysis showed that the tumor capsule was an
independent factor of BRAF expression (p =0.006). The
BRAF gene expression level in the no-capsule group was
higher than that in the complete capsule group (p =0.004,
OR =15.750, 95% CI: 2.373-104.537). The BRAF gene

arterial phase

delayed phase VA

65-year-old man. Arterial phase shows visible intratumoral vessels (ar-
row). Delayed phase shows the tumor capsule is incomplete (arrow).
Hepatobiliary (HB) phase shows that the tumor is nodule with focal
protrusion. The BRAF expression score is 8. b A 42-year-old man.
Arterial phase shows visible intratumoral vessel (arrow); the tumor cap-
sule is incomplete in the delayed phase (arrow). The RAFI expression

expression level in the incomplete capsule group was also
higher than that in the complete capsule group (p=0.002,
OR =11.870,95% CI: 2.473-56.975). There was no statistical
difference between the no-capsule group and the incomplete
capsule group (p =0.666) (Table 4). The presence of

arterial phase delayed phase

HB phase

score is 12. ¢ A 68-year-old woman. Complete tumor capsule is seen in
the delayed phase. The tumor is hyperintense in DWI, and hypointense in
the apparent diffusion coefficient (ADC) image. HB phase shows that the
tumor is a smooth nodular type. The VEGFR?2 expression score is 1. d A
48-year-old man. Arterial phase shows visible intratumoral vessels (ar-
row). HB phase shows that the tumor is a fusion of multiple nodules, with
peritumoral hypointensity. The VEGFR3 expression score is 1
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Fig. 6 Gene expression score distribution of BRAF, RAF1, VEGFR2, and VEGFR3

intratumoral vessels was not an independent factor of BRAF
expression (p =0.127).

RAF1 gene

Univariate analysis showed that the RAFI gene expression
level was statistically different among the complete, incom-
plete, and no-capsule groups (p =0.001), and between the
intratumoral vessel group and the no-intratumoral vessel
group (p =0.013). No statistical difference was found among
the other qualitative MRI feature groups (Table 2). There was
no statistical association between the RAF/ gene expression
level and quantitative MRI features (p > 0.05) (Table 3).
Multivariate analysis showed that the tumor capsule was an
independent factor of RAF'/ expression (p = 0.001). The RAF']
expression level in the no-capsule group was higher than that
in the complete capsule group (p =0.040, OR =5.556, 95%
CI 1.078-28.635). The RAFI gene expression level in the
incomplete capsule group was also higher than that in the
complete capsule group (p <0.001, OR=11.250, 95% CI
3.206-39.474). There was no statistical difference between the
no-capsule group and the incomplete capsule group (p = 0.353)
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(Table 4). The presence of intratumoral vessels was not an inde-
pendent factor of RAF'] expression (p = 0.320).

VEGFR2 gene

Univariate analysis showed that no statistical difference was
found in the VEGFR2 gene expression level among all qual-
itative MRI feature groups (p > 0.05) (Table 2). Moreover,
there was no statistical association between the VEGFR2 gene
expression level and quantitative MRI features (p >0.05)
(Table 3).

VEGFR3 gene

Univariate analysis showed that the VEGFR3 gene expression
level was statistically different among the complete, incom-
plete, and no-capsule groups (p = 0.030). However, compari-
sons between every two groups showed no significant differ-
ence (p > 0.05) (Table 5). No statistical difference was found
in the VEGFR3 gene expression level among the qualitative
MRI feature groups (p > 0.05) (Table 2). Moreover, there was
no statistical association between the VEGFR3 gene expres-
sion level and quantitative MRI features (p > 0.05) (Table 3).
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Table 1 Interobserver agreement
in qualitative MR image features MRI features (91 cases) Observer A Observer B Agreement test
(15-year experience) (6-year experience) (kappa value)
Tumor thrombus 1.000
Yes 10 10
None 81 81
Signal intensity 0.831
homogeneous 28 35
heterogeneous 63 56
Tumor capsule 0.649
Complete 16 21
Incomplete 62 59
None 13 11
Tumor margins 0.713
Smooth solitary nodule 15 15
Protruding nodule 50 45
Fusion of multiple nodules 26 28
Intratumoral vascular 0.780
Yes 43 45
None 48 46
Peritumoral enhancement 0.670
Yes 29 37
None 62 54
Peritumoral hypointensity 0.734
Yes 29 34
None 62 57

Discussion

In this study, we found that there was a relationship between
capsule appearance and presence of intratumoral vessels on
one hand, and genetic profile of the tumor on the other hand.
This is of potential interest to predict the quality of response to
treatment with sorafenib as there is increasing evidence that
gene expression interferes with the response to sorafenib treat-
ment in patients [3—15]. We found that the appearance of the
tumor capsule is an independent predictor of BRAF and RAF 1
expression. HCC patients who have incomplete tumor capsule
or no capsule have higher BRAF and RAF'] gene expression
compared with patients with complete tumor capsule. The
presence of intratumoral vessels also indicates higher BRAF
and RAFI expression. B-Raf and Rafl mainly act downstream
of the ERK/MAPK pathway, regulating nuclear factors by
cascade amplification, and the abnormal activation of this
pathway accelerates the proliferation and differentiation of
HCC cells [26-29]. RAF gene also promotes the expression
of matrix metalloproteinases (MMPs), which alters the adhe-
sion of tumor cells, degrades the extracellular matrix (ECM)
and basement membrane, and promotes invasion and metas-
tasis of tumors [30, 31]. Previous studies have shown that
MMP2-positive HCCs often have no capsules, and MMP9-

positive HCCs have incomplete capsules or are non-
encapsulated [32, 33]. Accordingly, HCCs with high expres-
sion of BRAF and RAFI tend to have rapid proliferation and
growth, and the surrounding hepatic tissue has insufficient
response time to form a complete capsule that limits tumor
growth; besides, high expression of BRAF and RAFI elevates
MMPs expression, which promotes capsule destruction.
Therefore, the integrity of the tumor capsule can reflect the
expression level of the BRAF and RAFI genes.

In univariate analysis, we found that the presence of
intratumoral vessels is closely related to BRAF and RAF'1
expression. HCCs with intratumoral vessels had higher ex-
pression of BRAF and RAF] than those without. This may
be explained by the role of BRAF and RAFI genes in tumor
angiogenesis mediated by various growth factors [34, 35].
Besides, MMP-regulated extracellular matrix remodeling
plays a critical role in tumor angiogenesis because the forma-
tion of the tumor vessel lumen only occurs in the process of
extracellular matrix remodeling [36, 37]. Since the expression
of MMPs is regulated and controlled by the RAF genes, tumor
angiogenesis is indirectly monitored by the RAF genes.
However, according to the multivariate analysis, the presence
of intratumoral vessels was not an independent factor of BRAF'
and RAFI gene expression. In multivariate analysis, we
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Table 2 Comparison between qualitative magnetic resonance imaging
(MRYI) features and gene expression scores of HCC

RAF1
p value

MRI features BRAF

p value

VEGFR2
p value

VEGFR3
p value

Tumor thrombus 0434 0.092 0.762 0.322

Yes (n=10)
None (n=81)
Signal intensity 0.451 0.130 0.955 0.796
Homogeneous (n =24)
Heterogeneous (n =67)
Tumor capsule 0.000 0.001 0.274 0.030
Complete (n=16)
Incomplete (n = 62)
None (n=13)
Tumor margins 0.300 0.545

0.793 0.784

Smooth solitary
nodule (n=15)
Protruding
nodule (n=50)
Fusion of multiple
nodules (n=26)
Intratumoral vascular

Yes (n=43)

None (n =48)
Peritumoral enhancement

Yes (n=29)

None (n=62)
Peritumoral hypointensity

Yes (n=29)

None (n=62)

0.002 0.013 0.973 0.221

0.402 0.107 0.389 0.226

0.282 0.218 0.562 0.231

Gene expression level of BRAF, RAFI, and VEGFR3 was statistically
different among the complete, incomplete, and no-capsule groups (p =
0.000, 0.001, and 0.030, respectively); gene expression level of BRAF
and RAFI was statistically different between the intratumoral vessel
group and the no-intratumoral vessel group (p = 0.002, 0.013,
respectively)

included both the presence of tumor capsule and of intratumoral
vessels, and we found that the status of tumor capsule was an
independent factor of BRAF and RAFI expression, while
intratumoral vessel was not. The presence of tumor capsule
had greater influence on the expression of the BRAF and

RAF1 genes than the presence of intratumoral vessels. When
the tumor had both an incomplete capsule (or no capsule) and
intratumoral vessels, the expression of the BRAF and RAF1
genes tended to be higher. When the tumor had an incomplete
capsule (or no capsule) but no intratumoral vessels, there was
still a high probability of strongly expressed BRAF and RAF
genes. However, when the tumor had a complete capsule, the
possibility of high expression of the BRAF and RAFI genes
was very low, even in the presence of intratumoral vessels.

In our study, the existence of visible blood vessels on en-
hanced MRI had no significant correlation with the expression
levels of VEGFR2, and VEGFR3. This is because VEGFR2,
and VEGFR3 reflect the proliferation of microvasculature,
which may only be observed pathologically, whereas the
intratumoral vessels seen on MRI merely represent parts of
the tumor vessels that are distorted and widened, and cannot
reflect the actual number and density of the tumoral microvas-
culature [38]. Additionally, our study showed that the expres-
sion of VEGFR3 in the three tumor capsule groups was sig-
nificantly different. However, pair comparisons showed no
statistically significant difference between any two groups.
This may be attributable to the small sample size, and the
different level of VEGFR3 expression between groups cannot
be clearly demonstrated.

Huang et al [39] assessed the HCC VEGF expression level
with the ADC value and found a negative correlation between
the ADC value and the VEGF expression level. However, we
analyzed the relationship between the ADC value and the
expression of some HCC genes and found no significant cor-
relation between ADC values and VEGFR2, and VEGFR3
expression. The difference may be caused by potential selec-
tion bias due to pathological sampling.

To our best knowledge, there are no studies focusing on the
correlation between HCC gene expression and T1 relaxation
time of HCC. In our study, we found that the percentage of
decrease in T1 (T1p%) had no significant correlation with
BRAF, RAF1, VEGFR2, and VEGFR3 expression. One expla-
nation could be that the uptake of gadoxetic acid in HCC is
affected by the level of OATPs on tumor cells [40], and there
is no direct correlation between OATPs and the expression
levels of BRAF, RAF'I, VEGFR2, and VEGFR3. Therefore,

Table 3  Correlation between quantitative MRI features and gene expression scores
MRI features BRAF RAF1 VEGFR2 VEGFR3
Correlation pvalue  Correlation pvalue  Correlation pvalue  Correlation p value
coefficient coefficient coefficient coefficient
Maximum diameter (mm) (z=91) 0.077 0.466 -0.019 0.855 -0.057 0.588 -0.033 0.759
ADC (x 107 mm?/s) (n = 65) 0.127 0.300 0.050 0.685 0.101 0.410 0.113 0.359
Tlpg, (n=65) 0.192 0.262 0.082 0.635 0.044 0.800 -0.145 0.398

ADC apparent diffusion coefficient, 77 pq, percentage of decrease in T1
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Table 4 Logistic regression analysis of factors influencing BRAF and RAF'] expression levels
Variable BRAF gene RAF1I gene

p value OR 95% CI p value OR 95% CI
Tumor capsule 0.006 0.001
complete vs incomplete (n=16) (n=62) 0.002 11.870 2.473,56.975 0.000 11.250 3.206, 39.474
complete vs none (n=16) (n=13) 0.004 15.750 2.373,104.537 0.040 5.556 1.078, 28.635
none vs incomplete (n = 13) (n=62) 0.666 0.754 0.208, 2.726 0.353 2.025 0.457,8.973

OR odds ratio

BRAF, RAF1, VEGFR?2, and VEGFR3 expression has no in-
fluence on the uptake of gadoxetic acid in HCC.

As previously reported, sorafenib mainly acts on the BRAF'
and RAFI genes to inhibit the Ras/RaffMEK/ERK signaling
pathway and prevent neo-angiogenesis by acting on VEGFR,
thus retarding tumor growth [4, 5]. Therefore, patients with
high expression of these genes may have a better treatment
effect with sorafenib. As our study showed that the presence
of'an incomplete tumor capsule or no capsule and intratumoral
vessels suggested high expression of BRAF and RAF 1, a better
efficacy of sorafenib treatment can be expected in this case.

There are some limitations. First, there may have been po-
tential selection bias due to pathological sampling. Second,
the study population of quantitative MRI features was rela-
tively small, and T1 mapping and ADC evaluation were not
available in all patients. Further studies with larger and
multicentric cohorts are needed. Third, the results from our
present study cannot differentiate RAF! from BRAF using
MR imaging features.

Conclusion

Sorafenib is a targeted drug whose main action sites are Raf-1
and B-Raf and VEGFR 2 and VEGFR3. The presence of
incomplete capsule or intratumoral vessels and the absence
of capsule are potential indicators of high BRAF and RAFI
expression and potential predictors of sorafenib efficacy.
However, this hypothesis still requires verification by larger

Table 5 Comparison of VEGFR3 expression levels among the tumor
capsule status groups
Variable Statistics p value
Tumor capsule
Complete vs incomplete (n=16) (n=62) 2.704 1.000
Complete vs none (n=16) (n=13) 16.802 0.154
None vs incomplete (n=13) (n=62) —14.098 0.099

samples in multiple centers in further study, which is in
progress.
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