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Abstract

Purpose: To evaluate associations between the thera-
peutic outcomes of lenvatinib for advanced Hepatocellular
Carcinoma (HCC), and Diffusion Weighted Imaging (DWI)
and Intravoxel Incoherent Motion (IVIM) Magnetic Reso-
nance Imaging (MRI) parameters.

Methods: We included 16 patients who underwent len-
vatinib therapy for advanced HCC from March to October
2019 and then compared the DWI/IVIM parameters and
enhancement ratios in the arterial phase of gadoxetate en-
hanced T1 weighted images between those with and with-
out Progressive Disease (PD) at baseline and two and six
weeks after treatment. We also compared the DWI/IVIM pa-
rameters between viable, hemorrhagic, and necrotic tumor
tissue areas. Finally, the baseline DWI/IVIM parameters and
enhancement ratios were used to generate receiver operat-
ing characteristic curves for predicting PD.

Results: At baseline, the non-PD group had significantly
lower apparent diffusion coefficient (ADC) and true diffusion
coefficient (DC) values than the PD group (ADC: P=0.007;
DC: P=0.018). Furthermore, the non-PD group had signifi-
cantly increased ADC and DC values after six weeks than at
baseline (ADC: P <0.001; DC: P=0.003). The ADC and DC val-
ues were significantly higher in necrotic areas than in viable
areas after six weeks (both P <0.001). In contrast, the values
were significantly lower in hemorrhagic areas than in viable
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areas (both P <0.001). The ADC and DC cutoff values were
1.191 (10 mm?/s; Area Under the Curve [AUC] =0.825,
95% confidence interval [CI]: 0.596, 1.000) and 0.986 (103
mm?/s; AUC=0.865, 95% Cl: 0.684, 1.000), respectively.

Conclusion: ADC and DC help predict the therapeutic
outcomes of lenvatinib for advanced HCC.

Introduction

Hepatocellular Carcinoma (HCC) is seventh most frequently
occurring cancer in the world and the second most common
cause of cancer mortality [1]. Various drugs have been devel-
oped to improve the survival rate of patients with advanced
HCC, especially in recent years. For example, lenvatinib, a mul-
tikinase inhibitor, prolongs the median survival and time to
progression in patients with advanced HCC [2]. Lenvatinib in-
hibits tumor cell proliferation and angiogenesis by blocking the
Fibroblast Growth Factor Receptor (FGFR), Vascular Endothelial
Cell Growth Factor (VEGFR) and Platelet Derived Growth Factor
(PDGFR) expressed on tumor cells or vascular endothelial cells
[3,4]. The blood perfusion reductions can be observed preced-
ing tumor size reduction after lenvatinib therapy due to its anti-
angiogenic effect.

A patient’s response to cancer therapy is usually evaluated
using the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) criteria [5]. Contrast-enhanced computed tomogra-
phy and Magnetic Resonance Imaging (MRI) are the conven-
tional imaging modalities for evaluating the size and blood flow
of HCCs, but contrast media are difficult to use in patients with
renal failure or allergies.

Diffusion-Weighted Imaging (DWI) is obtained by visualizing
the Brownian motion of water molecules and is used to diag-
nose various tumors. The Apparent Diffusion Coefficient (ADC),
calculated by DWI, is an indicator of water molecule diffusion,
which helps assess the tumor malignancy grade. Furthermore,
DWI reflects not only water molecule diffusion but also micro-
circulation. Intravoxel Incoherent Motion (IVIM) is an advanced
technique using multi-b-value DWI with bi-exponential curve
fitting that can separately evaluate water molecule diffusion
and microcirculation. Reports indicate that IVIM MRI is useful
for the detailed diagnosis of prostate cancer and differential di-
agnosis of breast tumors [6-8]. A previous study also reported
that IVIM MRI can be used to evaluate necrosis and viable tu-
mor in HCC [9]. Therefore, we hypothesized that this imaging
technique could help predict the treatment response to lenva-
tinib and assess its effects after treatment in patients with HCC.

Thus, this study evaluated associations between the early
therapeutic outcomes of lenvatinib treatment for advanced
HCC and DWI/IVIM MRI parameters.

Material and Methods
Participants

This prospective study was approved by the institutional
ethics committee and written informed consent from patients
was obtained. This study included patients receiving lenvatinib
therapy for Barcelona Clinic Liver Cancer stage B or C HCC and
who underwent IVIM MRI examinations from March to October
2019. Lenvatinib (Eisai, Tokyo, Japan) was given orally at either
8mg/day for the patients <60kg or 12mg/day for those =60kg.
we included 20 patients, but two were excluded due to a lack
of two-or six-week images, and two were excluded because of

poor image quality due to artifacts. The final study population
included 16 patients with HCC (Table 1 and Figure 1).

The curative effect was evaluated using mRECIST criteria [5].
After six weeks, the patients were divided into groups based
on the curative effects: with progressive disease (PD): a 220%
increase in the sum of diameters of enhancing target lesions or
the appearance of new lesions; and without PD (non-PD; com-
plete response, partial response, and stable disease). Clinical
data were obtained from electronic medical records.

Table 1: Patient characteristics associated with lenvatinib treat-
ment.

Characteristics Non-PD (n=9) PD(n=7) P

Age (years; mean * SD) 72.33+7.75 70.71 £10.89 0.733
Sex 1.000
Men 8 (89%) 6 (86%)

Women 1(11%) 1(14%)

Cause of liver disease 0.260
Hepatitis B virus 3 (33%) 2 (28.5%)

Hepatitis C virus 1(11%) 3 (43%)

Alcohol 3(33%) 0 (0%)

Undetermined 2 (23%) 2 (28.5%)

AFP at baseline (ng/mL) | 122.35+45.32 | 127.34+53.47 0.233
Histological differentiation 0.487
Well 0 (0%) 1(14%)

Moderate 7 (78%) 5(72%)

Poor 2(22%) 1(14%)

BCLC staging classification 0.718
Stage A 0 (0%) 0 (0%)

Stage B 7 (78%) 3 (43%)

Stage C 2 (22%) 4(57%)

Stage D 0 (0%) 0 (0%)

Target lesion size (i.e., largest tumor identified at baseline (mm; mean * SD)

Baseline 33.04+£23.89 45.31+54.27 0.551
2 weeks 28.91+23.58 47.31+53.40 0.368
6 weeks 27.31+£23.04 53.47 +53.63 0.349
Hemorrhage

Baseline 1(11%) 1(14%) 1.000
2 weeks 2(22%) 2 (29%) 1.000
6 weeks 2(22%) 2 (29%) 1.000
Necrosis

Baseline 1(11%) 2 (29%) 0.550
2 weeks 2(22%) 2 (29%) 1.000
6 weeks 2(22%) 2 (29%) 1.000

BCLC: Barcelona Clinic Liver Cancer; PD: Progressive Disease;
AFP: Alpha Fetoprotein; SD: Standard Deviation.

Journal of Clinical Images



MedDocs Publishers

Recruited patients receiving
lenvatinib therapy for HCC
(20 patients)

The patients underwent baseline, 2- and 6-
weeks IVIM MRI exams Excluded o .
+ Lack of 2- or 6-weeks IVIM imaging (2 patients)

+ Poor image quality due to artifacts (2 patients)

Final study population
(16 patients)

Figure 1: Flow diagram of the study population.

IVIM: Intravoxel Incoherent Motion; HCC: Hepatocellular Carci-
noma; MRI: Magnetic Resonance Imaging.

IVIM MRI protocol

A liver MRI examination was performed within one week be-
fore starting lenvatinib therapy (baseline) and after two and six
weeks. MRI exams were performed using a 3.0-Tesla scanner
with 16 channel body coil (Ingenia, Philips Healthcare, Best, the
Netherlands). DWI was acquired using the following sequence
parameters: spin-echo echo-planar imaging; Repetition Time
(TR), 1134 ms; Echo Time (TE), 143 ms; flip angle, 90°; matrix
size, 128 x 128; field of view, 36 x 36 cm; 1 averaging; slice
thickness, 6 mm; receiver bandwidth, 921 Hz/pixel; fat suppres-
sion; spectral presaturation with inversion recovery; acquisition
time, 20 s; b-values: 0, 10, 30, 50, 100, 200, 400, 800, 1000,
1500, and 2000 s/mm?2. DWI was performed while the patient
held their breath.

Fat suppressed three-dimensional spoiled gradient-recalled
echo T1-weighted sequences (TR/TE=3.0/1.5 ms; flip angle, 10°;
field of view, 36 x 36 cm; matrix, 288 x 231, slice thickness 4.2
mm) were scanned. Dynamic MRI was performed using gadolin-
ium-ethoxybenzyl-diethylenetriamine pentaacetic acid (Primo-
vist; Bayer AG, Berlin, Germany). The contrast medium (0.025
mmol/kg) was injected at 1.0 mL/s. The arterial phase (AP) tim-
ing was determined using the test injection method, defined as
the time at which the abdominal aorta reached a peak of +10s.

DWI/IVIM MRI parameters and Enhancement Ratio (ER)
calculations

All IVIM-DWI images were transferred to a workstation for
postprocessing; the program was an offline prototype software
provided by the Magnetic Resonance (MR) scanner vendor
(Philips Healthcare).

The biexponential model from an IVIM-DWI sequence was
expressed using the following equation according to Le Bihan
et al [10].

The ADC value was calculated using a mono-exponential
model using b = 0 and 800 s/mm? as follows:

S1,/SI,=exp — (b) x ADC

Where Sl represents the signal intensity without diffusion
weighting, and S|, represents the signal intensity with diffusion
weighting.

Furthermore, the IVIM-DWI parameters were generated
using a bi-exponential model as follows:

Sy /Sly= (Fyergusion X exp(=b) x D*) + (Fais usion X exp(=b) x DC)

Where D* is the pseudo diffusion coefficient, DC is the true
diffusion coefficient, Fperfusion (PF) is the perfusion fraction, Sl is
the signal intensity for a selected b-value, and Sl is the signal
intensity for b = 0 s/mm?2. The b-value is the diffusion sensitivity
coefficient.

We used the segment analysis method described previously
to avoid mathematical instability when three IVIM-DWI param-
eters were simultaneously fitted. Since blood flow perfusion is
negligible at high b-values, the DC values were obtained using a
mono-exponential model with b-values of >200 s/mm?. D* and
PF were then fitted using the bi-exponential model when the
b-value was low (<200 s/mm?).

First, the mean Sls of the Region of Interest (ROI) in the larg-
est tumor (i.e., the target lesion) were evaluated by two observ-
ers (observer 1 and observer 2; with 9 and 19 year's experience,
respectively). The average values of two observers were used
for analysis. The therapeutic response was evaluated using
dynamic MRI examinations with IVIM analysis at baseline and
after two and six weeks of lenvatinib treatment. Then, to differ-
entiate the effect of each component within the tumors based
on Sl, the tumor component signals were separately measured.
Viable tumor components were defined as solid lesions with
significant enhancement in the Arterial Phase (AP), hemorrhag-
ic tumor components were areas with high Sl in the precontrast
T1 weighted image, and necrotic tumor components were areas
with no enhancement in each phase on Dynamic Contrast-En-
hanced (DCE) MR images.

Additionally, relative Enhancement Ratios (ERs) were calcu-
lated in the HCC based on dynamic APs in the largest tumor
using the following formula [9]:

(Slpost - SIpre)
Slpre

ER =

Where Sl 1S the mean Sl measured on the AP images, and
Sl is the mean SI measured on unenhanced images.

Statistical analyses

The descriptive data expressed as means + standard devia-
tions for continuous variables and number (%) for categorical
variables. Two-sample t test for continuous variables and Fish-
er’s exact test or chi square test were used for categorical vari-
ables. The DWI/IVIM MRI parameters are expressed as means
+ standard deviations. DWI/IVIM MRI parameter and ER differ-
ences between the PD and non-PD groups were analyzed by
two-sample t test. DWI/IVIM MRI parameter differences be-
tween the HCC viable lesions, hemorrhagic, and necrotic tumor
components were analyzed by paired-sample Student’s t-test.
DWI/IVIM MRI parameter differences before and after treat-
ment were evaluated using the Friedman test. A P-value less
than 0.05 was considered statistically significant. Spearman’s
rank correlations were performed using the DWI/IVIM MRI pa-
rameters and ERs in the HCC tumors. Cutoff values were de-
termined by a Receiver Operating Characteristic (ROC) curve
analysis, and the sensitivity and specificity of DWI/IVIM MRI pa-
rameters and ERs were calculated for variables with significant
differences. Intraclass Correlation Coefficient (ICC) of two ob-
servers was evaluated. All statistical analyses were performed
using SPSS Statistics software (version 22, SPSS, IBM Corpora-
tion, Armonk, NY, USA).
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Results
Demographic and clinical information

We included seven patients in the PD group and nine in the
non-PD group (complete response, n=4; stable disease, n=5);
Table 1 presents detailed patient information. The target le-
sion sizes were comparable between the PD and non-PD groups
(P=0.55), although the lesions in the PD group were larger.

DWI/IVIM MRI parameters and ERs: non-PD vs. PD

The Intra-Class Correlation Coefficient (ICC) values between
the two observers were 0.654~0.968, which indicated substan-
tial or excellent inter-observer agreement in the measurements
between the two observers.

At baseline, the ADCs were significantly lower (P=0.007) in
the non-PD group (0.98 + 0.08) than in the PD group (1.16 +
0.14) but significantly higher after six weeks of treatment (non-
PD, 1.27 £0.1; PD, 1.14 £ 0.11; P=0.031).

At baseline, the DCs were significantly lower (P=0.018) in the
non-PD group (0.96 * 0.15) than in the PD group (1.14 + 0.12);
At six weeks, the DCs were significantly higher in the non-PD
group than in the PD group (non-PD, 1.25 + 0.19; PD, 0.96 +
0.23; P=0.016).

The D* and PF values did not significantly differ between the
PD and non-PD groups at any point. The ER AP was significantly
lower (P=0.003) in the non-PD group (0.23 + 0.20) than in the
PD group (0.75 + 0.29) after six weeks of treatment (Table 2,
Figures 2 and 3).

Table 2: Diffusion weighted imaging, intravoxel incoherent mo-
tion magnetic resonance imaging parameters and enhancement
ratios of patients with and without PD.

P value
Parameter Period Non-PD PD (Non-PD | ICC
vs PD)
Baseline| 0.98+0.08 | 1.16 +0.14 | 0.007
ADC (107 mm?/s) 2 weeks 1.16+0.13 @ 1.18 +0.08 0.648 10.888
6weeks 1.27+0.1 | 1.14+0.11  0.031
P value (Baseline vs 6 weeks) <0.001 0.835
Baseline| 0.96+0.15 | 1.14+0.12 | 0.018
DC (1072 mm?/s) 2 weeks 1.08+0.18 0.92+0.17 0.101 | 0.968
6 weeks 1.25+0.19 | 0.96+0.23 | 0.016
P value (Baseline vs 6 weeks) 0.003 0.081
Baseline 45.32 + 24.99/46.67 + 25.34| 0.917
D* (1072 mm?/s) 2 weeks 49.81 +22.43 44.54 +20.96 0.639 0.867
6 weeks 49.43 +20.3970.46 +45.15 0.231
P value (Baseline vs 6 weeks) 0.707 0.248
Baseline| 0.22+0.12 | 0.29+0.06 | 0.208
PF (%) 2 weeks 0.21+0.11 @ 0.20+0.07 0.826 0.654
6 weeks 0.20+0.10 | 0.25+0.08 = 0.285
P value (Baseline vs 6 weeks) 0.678 0.357
Baseline| 0.82+0.29 | 0.83+0.23 | 0.864
ER AP 2 weeks | 0.21+0.17 @ 0.44+£0.35 0.160 |0.762
6 weeks 0.23+0.20 | 0.75+0.29 = 0.003
P value (Baseline vs 6 weeks) <0.001 0.562

ADC: Apparent Diffusion Coefficient; D*: Pseudo-Diffusion Coeffi-
cient; DC: True Diffusion Coefficient; ER AP: Enhancement Ratio in the
Arterial Phase; ICC: Intraclass Correlation Coefficient; PD: Progressive
Disease; PF: Perfusion Fraction.

Baseline

6weeks

Figure 2: Representative images from a 60-year-old man with
advanced hepatocellular carcinoma who showed partial response
by lenvatinib treatment.

After lenvatinib treatment, the tumor size decreased from 25
mm at baseline to 20 mm after two weeks and to 15 mm after six
weeks. (a) Gadoxetate-enhanced T1-weighted AP images show a
hypervascular nodule in S6 of the liver (red arrows) that becomes
less enhanced after lenvatinib treatment. The enhancement ratio
in the arterial phase decreased from 0.39 to 0.27. (b) Diffusion-
weighted images (b-value = 800 s/mm?) show a hyperintense nod-
ule at baseline (yellow arrows) with decreasing signal intensity
after treatment. (c) From baseline to six weeks, the apparent dif-
fusion coefficient increased from 0.99 to 1.38 (10 mm?/s) (blue
arrows), the true diffusion coefficient increased from 0.93 to 1.04

(102 mm?/s).

DWI/IVIM MRI parameters and ERs: baseline vs. six weeks
of lenvatinib treatment

In the PD group, changes in ADC and DC were statistically
insignificant (ADC: baseline, 1.16 + 0.14; six weeks, 1.14 + 0.11;
P=0.835; DC: baseline, 1.14 + 0.12; six weeks, 0.96 + 0.23;
P=0.081). In the non-PD group, ADC and DC were significantly
increased after treatment relative to baseline (ADC: baseline,
0.98 + 0.08; six weeks, 1.27 + 0.1; P <0.001; DC: baseline, 1.14
+ 0.12; six weeks, 0.96 + 0.23; P=0.003). The D* and PF values
did not differ between baseline and 6 weeks both in the PD and
non-PD groups. Finally, the ER AP significantly decreased from
baseline to six weeks in the non-PD group (ER AP: baseline, 0.82
+0.29; six weeks, 0.23 + 0.20; P <0.001; Table 2 and Figure 4).

DWI/IVIM MRI parameters in viable, hemorrhage, and ne-
crotic tumor components after six weeks of lenvatinib treat-
ment

The hemorrhagic areas (ADC, 0.64 = 0.09; DC, 0.71 + 0.11)
had significantly lower ADCs and DCs than the viable areas
(ADC, 1.03 £0.10; DC, 1.13 £ 0.14; both P <0.001). However, the
necrotic areas (ADC, 1.65 + 0.13; DC, 1.34 * 0.07) had signifi-
cantly higher ADCs and DCs than the viable areas (ADC, 1.03 +
0.10; DC, 1.13 + 0.14; both P <0.001; Table 3).
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Baseline 2 weeks 6weeks

vl .\?’-{1

Figure 3: Representative images from a 50-year-old-man with
advanced hepatocellular carcinoma who showed progressive
disease after lenvatinib treatment.

The tumor maximum diameter increased from baseline (144
mm) to two weeks (150 mm) and six weeks (174 mm) after len-
vatinib treatment. (a) Gadoxetate-enhanced T1-weighted arterial
phase images show an unevenly hyperintense giant mass in the
right lobe of the liver (thick red arrow). The enhancement ratio
in the arterial phase decreased from 0.61 to 0.45. (b) Diffusion-
weighted images (b-value = 800 s/mm?) show a hyperintense mass
(yellow arrows). (c) At baseline, two, and six weeks, the apparent
diffusion coefficients (ADC) were 0.97, 1.24, and 1.03 (103 mm?/s)
(blue arrows), respectively, and the true diffusion coefficients (DC)
were 1.20, 1.27, and 1.24 (10 mm?/s), respectively. Large patchy
necrotic areas were seen in the tumor, which showed higher ADC
and higher DC than viable tumor in 6 weeks (1.48 and 1.33 (103
mm?/s), respectively).

Table 3: Diffusion weighted imaging and intravoxel incoherent
motion magnetic resonance imaging parameters six weeks after
lenvatinib in viable, hemorrhagic, and necrotic tumor compo-
nents.
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Figure 4: Diffusion weighted image, intravoxel incoherent mo-
tion magnetic resonance imaging parameters and enhancement
ratio in the arterial phase comparisons between patients with and
without progressive disease.

(a) The baseline ADC values were significantly lower in the non-PD
group than in the PD group, and the ADC values significantly in-
creased from baseline to six weeks after treatment in the non-PD
group. (b) The baseline DC values were significantly lower in the
non-PD group than in the PD group, and the DC values significantly
increased from baseline to six weeks after treatment in the non-
PD group The (c) D* and (d) PF values did not differ between the
groups or time points. (e) The six-week ER AP value was significant-
ly lower in the non-PD group than in the PD group. In the non-PD
group, the ER AP value significantly decreased from baseline to six
weeks after treatment. In the PD group, the ER AP value signifi-
cantly decreased only after two weeks.

ADC: Apparent Diffusion Coefficient; D*: Pseudo Diffusion Coeffi-
cient; DC: True Diffusion Coefficient; ER AP: Enhancement Ratio in
the Arterial Phase; ns: not significant; PD: Progressive Disease; PF:
Perfusion Fraction. * P <0.05; ** P <0.01; *** P <0.001.

Table 4: Receiver operating characteristic curve analyses for
differentiating between patients with and without progressive
disease using the baseline diffusion weighted imaging, intravoxel
incoherent motion magnetic resonance imaging parameters and
enhancement ratios.

Parameters Viable HCC Hemorrhage P value
ADC (10 mm?/s)  1.03+0.10 0.64 +0.09 <0.001 parameters Cutoff AUC (95%cl) | Sensitivity Specificity
value (%) (%)
DC (1072 mm?/s) 1.13+0.14 0.71+£0.11 <0.001
ADC (102 m?/s) 1.191 0.825 (0.596, 1.000) 71.4 88.9
D* (1072 mm?/s) 51.97+24.4 46.51 £+ 25.66 0.615
DC (10 mm?/s) 0.986 0.865 (0.684, 1.000) 71.4 77.8
PF (%) 0.27+£0.11 0.23+0.11 0.053
D* (10 mm?/s) 42.300 0.500(0.196, 0.804) 0.000 100
Viable HCC Necrosis P value
PF (%) 0.180 0.690 (0.414, 0.967) 28.6 66.7
ADC (107 mm?/s) 1.03+0.10 1.65+0.13 <0.001
ER AP 0.725 0.492 (0.196, 0.788) 71.4 55.6
DC (10 2 1.13+0.14 1.34 +0.07 <0.001 . . ..
( mm?/s) 0 0.0 o ADC: Apparent Diffusion Coefficient; AUC: Area Under the Curve; D*:
D* (10 mm?/s) 51.97 +24.4 39.33+19.44 0.088 Pseudo-Diffusion Coefficient; DC: True Diffusion Coefficient; ER AP: En-
PE (%) 0.27+011 0.24+0.26 0562 hancement Ratio in the Arterial Phase; PF: Perfusion Fraction.

ADC: Apparent Diffusion Coefficient; D*: Pseudo-Diffusion Coefficient;
DC: True Diffusion Coefficient; HCC: Hepatocellular Carcinoma; PF:
Perfusion Fraction.

Journal of Clinical Images 5
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DWI/IVIM MRI parameter and ER correlations

At baseline, correlations were not identified between the
IVIM MRI parameters and the liver ERs (ADC: r=0.028, P=0.919;
DC: r=-0.026, P=0.934; D*: r=-0.094, P=0.009; PF: r=0.394,
P=0.132; Figure 5a)

ROC curves of the DWI/IVIM parameters and ERs at base-
line for predicting PD

The cutoff value and subsequent sensitivity and specificity val-
ues for ADC were 1.191 (103 mm?/s), 71%, and 89% (95% Confi-
dencelnterval [CI]:0.596,1.000).Thecutoffvalueandsubsequent
sensitivity and specificity values for DC were 0.986 (10> mm?/s),
71%, and 78% (95% Cl: 0.684, 1.000; Table 4 and Figure 5b).
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Figure 5: Correlations between diffusion weighted imaging,
intravoxel incoherent motion magnetic resonance imaging pa-
rameters and enhancement ratio at baseline, and receiver operat-
ing characteristic curves for differentiating between patients with
and without progressive disease.

(a) No significant correlation was seen between IVIM MRI pa-
rameters and the liver ERs. (b) The ADC cutoff value was 1.191
(1072 mm?/s) with 71% sensitivity and 89% specificity (AUC=0.825,
95% Cl: 0.596, 1.000). The DC cutoff value was 0.986 (10> mm?/s)
with 71% sensitivity and 78% specificity (AUC=0.865, 95% Cl:
0.684, 1.000).

ADC: Apparent Diffusion Coefficient; AUC: Area Under the
Curve; Cl: Confidence Interval; DC: True Diffusion Coefficient; D*:
Pseudo Diffusion Coefficient; DWI: Diffusion Weighted Imaging; ER
AP: Enhancement Ratio in the Arterial Phase; IVIM: Intravoxel In-
coherent Motion; PF: Perfusion Fraction; ROC: Receiver Operating
Characteristic.

Discussion

We found that baseline ADCs and DCs were significantly
lower in the non-PD group than in the PD group, suggesting
that therapeutic outcome predictions before initiating treat-
ment is possible. Furthermore, the DC’s AUC was higher than
that of the ADC for predicting treatment outcomes. Previous re-
ports indicate that the HCC’s histological grade correlates more
strongly with the DC than with the ADC, and the DC of patients
with high-grade HCC is significantly lower than that of patients
with low-grade HCC [11]. However, unlike the DC value, the ADC
value includes the pure diffusion and perfusion measurements;
thus, interpreting ADC results may be complicated. In our study,
moderate and poor differentiation was more prevalent in the
non-PD group than in the PD group. Previous studies have also
reported favorable treatment results in patients with histologi-
cally poorly differentiated tumors [12,13]. In addition, the len-
vatinib target of VEGFR and FGFR expression level are higher
in poorly differentiated HCC and related with poor prognosis
[14,15], which is consistent with our result that non-PD group
after lenvatinib showed lower baseline ADC and DC.

Moreover, the ADC and DC values increased from the base-
line value after treatment in the non-PD group. Therefore, ADC
and DC help predict the treatment response and evaluate the
outcome. This result may be because microscopic necrosis and
intercellular structural alterations after the treatment caused
significantly higher ADC and DC values [9,16]; anti-proliferative
and anti-angiogenic treatments induce cell necrosis and cell
collapse, resulting in expansion of the extracellular space and
thus loss of diffusion restriction. We observed necrosis in 33%
of patients in the non-PD group after lenvatinib treatment. In
contrast, in the PD group, 43% of patients had tumor necrosis at
baseline and 14% developed necrosis after treatment.

Conversely, hemorrhage decreases the ADC values [17].
In our study, hemorrhage was observed in both groups after
treatment. However, compared with large areas of necrosis,
the hemorrhagic areas were mainly patchy and circumscribed.
Likely, the bleeding and necrosis processes partially overlap,
perhaps partly compensating for the expected changes in ADC
and DC. The ADC and DC increases in patients without PD were
likely because the effects of tumor necrosis dominate those of
intra-tumor hemorrhage [18]. Also, the b-value choice affects
the ADC value, and differences in the distribution of low b-val-
ues would cause ADC changes [19,20]. Therefore, the DC value
is more stable than the ADC value.

The D* and PF values did not differ between the non-PD and
PD groups. However, studies have reported increased PF values
after two weeks of treatment, surmising that lenvatinib inhibits
tumor angiogenesis, causing disruption and normalization of
tumor vessels [21]. Tumor blood vessel normalization suppress-
es permeability, decreasing the pressure of the tumor tissue.
The increased PF value reflects an increase in the perfusion rate
by the normalization of tumor blood vessels. However, it has
been reported that the D* and PF values have poor reproduc-
ibility [22].

Patients without PD also had a significantly greater decrease
in AP enhancement than those with PD in our study, similar
to previous research [23]. However, we did not observe a sig-
nificant correlation between IVIM MRI parameters and the ER
AP. Some have reported a positive correlation between PF and
ER AP in HCC [11], while others reported no correlation in the
liver parenchyma between IVIM and DCE-MRI parameters [24].
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IVIM provides intravascular information about capillary vessels,
whereas DCE-MRI provides perfusion information (including ex-
travascular information) and has a larger time scale. Previous
studies have suggested that IVIM MRI does not measure tissue
perfusion as well as DCE-MRI [25], which is more sensitive to
the amount of blood passing through voxels. Therefore, we hy-
pothesized that perfusion in IVIM MRI would be more sensitive
for assessing tumor microvascular perfusion after multikinase
inhibitor treatment. However, our results were different than
expected, perhaps because of the opposite effects on the PF
values between normalized tumor blood vessels and decreased
blood supply after treatment in the non-PD group.

Our study had several limitations. First, we included a small
number of patients; thus, we need to accumulate more cases
and validate our results. Second, some cases showed poor IVIM
MRI fitting, and outliers were removed from the measurements
when such cases occurred. In other studies, scanning using the
appropriate b-values and other techniques, such as Bayesian fit-
ting, have been used to obtain better fitting. Therefore, future
studies should test other methods to improve fitting [22,26,27].

Conclusions

Our results suggest that the ADC and DC values obtained by
DWI/IVIM MRI are useful biomarkers for predicting and evaluat-
ing the therapeutic effects of lenvatinib for HCC.
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