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Abstract

Background: There are several therapeutic options for hepatocellular carcinoma (HCC). As predicting the treatment
response is critical in clinical decision making, we aimed to evaluate the quantitative intravoxel incoherent motion
(IVIM) diffusion-weighted imaging (DWI) parameters as potential predictors of treatment response of HCC lesions to
transarterial chemoembolization (TACE).

Results: Twelve patients (eight males; mean age, 56.12 & 7.88) with 26 confirmed HCC lesions were recruited in

the study. Thirteen lesions (50%) responded to TACE, and the remaining lesions were categorized as nonresponder.
Age > 60 year (p value: 0.018), D (p value: 0.005), D* (p value: 0.005), and f (p value: 0.004) values were significantly dif-
ferent in response and nonresponse group lesions. Logistic multivariate analysis showed that f value (OR: 0.847 (95%
(1 0.732-0.98), p value =0.025) could independently predict tumor response to TACE. The ROC curve analysis showed

mediate-stage HCC to TACE.

chemoembolization, Treatment response

f value could predict the HCC response to TACE with sensitivity and specificity of 76.9% and 76.9%, respectively.
Conclusions: VIM-DWI parameters, especially the f value, might be useful for predicting the response of the inter-
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Background

Primary liver cancer is the sixth most prevalent malig-
nancy worldwide and the third leading cause of cancer
mortality. Hepatocellular carcinoma (HCC) is the most
common type of liver cancer, accounting for 75-95% of
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all primary liver cancer [1]. Due to the asymptomatic fea-
ture of HCC, most patients are diagnosed at a late stage
and are featured by large and unresectable lesions [2].
Guided by the Barcelona Clinic Liver Cancer (BCLC)
classification system, transarterial chemoembolization
(TACE) is the first line of treatment for intermediate-
stage (stage B) HCC, including unresectable multinodu-
lar HCC without extrahepatic spread [3]. TACE has been
previously reported to be an efficient bridging therapy
for patients waiting for liver transplantation and can
improve the survival of inoperable HCC patients [4, 5].
As HCC recurs in up to 70% of cirrhotic patients within
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five years after surgery or ablation [6, 7], assessment of
tumor recurrence after TACE is crucial for determining
treatment success or guiding for subsequent therapeutic
planning. Although the BLCL staging system has been
helpful in the prognosis of patients [8], a wide range of
HCC patients’ survival with the BLCL staging system [9]
has raised the need for a better or improved predictive
model for choosing the best treatment option.

Previous prediction models to estimate the risk of
recurrence after treatment were based on qualitative
preoperative magnetic resonance imaging (MRI) param-
eters, including rim enhancement, peritumoral parenchy-
mal enhancement, tumor size, and presence of satellite
nodules [10]; however, these indices were mostly subjec-
tive which made it difficult to duplicate or promote. Later
studies acquired quantitative MRI (qMRI) techniques to
provide more information on molecular and metabolism
basis of study with intravoxel incoherent motion (IVIM)
and diffusion weight imaging (DWI)[11] or Dynamic
Contrast-Enhanced MRI [12].

IVIM-DWI has been previously applied to evalu-
ate the prognosis and therapeutic efficacy of different
malignant tumors [13-15]. DWI can measure the appar-
ent mobility of water molecules in tissues. The diffusion
of water can reflect tissue cellularity, fluid viscosity, and
cell membranes [16], which is indicated as apparent dif-
fusion coefficient (ADC)[17]. On the other hand, IVIM
values derived from DWI with multiple b value models
can reflect tissue diffusion and micro-capillary perfusion
separately [18]. Herein, we decided to determine whether
IVIM-DWI derived parameters can be used to predict
the tumor response to TACE.

Methods:

Ethics

This prospective single-center cohort was approved by
our hospital’s institutional review board and followed the
ethical guidelines of the Declaration of Helsinki. Written
informed consent was obtained from each patient before
inclusion.

Study population

This study was conducted from February 2019 to January
2020. Fourteen patients with diagnosed HCC, according
to the BCLC classification system, were enrolled initially
and underwent pretreatment MRI examinations. Inclu-
sion criteria were as follows (1) previously untreated
tumor, (2) BLCB stage B tumor without vascular inva-
sion and extrahepatic spread, (3) Child—Pugh grade
A or B liver disease, (4) no contraindication for MRI
examinations, who were candidates TACE palliative or
bridging therapy. Exclusion criteria consisted of (1) glo-
merular filtration rate <60, (2) Child—Pugh grade C, (3)
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total bilirubin>4.0 mg/dL, (4) platelet count<50/000/
mlL, (5) serum creatinine >2.0 mg/dL. Two patients were
excluded because of limited diffusion imaging quality,
rendering interpretation impossible. Post-treatment MRI
(30-45 days) scanning was evaluated based on modified
Response Evaluation Criteria in Solid Tumors (mRE-
CIST) [19]. Patients with stable disease (SD) or progres-
sive disease (PD) were classified into the nonresponse
group, and patients with partial response (PR) or com-
plete response (CR) were classified into the response

group.

MRI technique

MRI investigations were performed on a 3.0 T scan-
ner (GE-DISCOVERY MR750W; GE Healthcare) using
a commercially available phased array body coil. All
patients had fasted for at least 4—6 h before examina-
tion and coached on breathing and breath-holding tech-
niques. Conventional MR imaging protocols included
breath-hold 2D spin-echo (SE) T1-weighted sequence
(TE/TR: 109 ms/4.2 ms, flip angle (FA): 90°, field of view
(FOV): 252 x 325 mm, slice thickness: 5 mm, slice gap:
1 mm). T2-weighted GRE sequence (2D multi-echo fast
GRE, TE/TR: 47.7 ms/1.4 ms, FA: 25°, FOV: 296 x 3040,
matrix size: 128 x 128, slice thickness: 8 mm, slice gap:
1 mm) sequences with breath-hold. The diffusion-
weighted imaging was performed by using a respira-
tory triggered single-shot SE echo-planar imaging (EPI)
sequence in the transverse plane. Fifteen b values from 0
to 1500 s/mm?2 (0, 10, 20, 30, 40, 50, 70, 90, 100, 120, 150,
500, 600, 1000, and 1500) were applied. The acquisition
parameters of DWI sequences were as follows: FA: 90°,
FOV: 192 x 160 mm, TR /TE: 5000-12,000/73 ms, num-
ber of slices: 14, slice thickness: 7 mm, slice gap: 1 mm.

TACE treatment

Patients received TACE from two interventional radi-
ologists with 15 and 20 years of experience. Angiogra-
phy was performed by femoral artery puncture, and the
catheter advanced to celiac artery, which was further
placed in the tumor-feeding arteries through selective
access of the catheter into the feeding artery. Once the
catheter was accurately positioned, an angiogram was
used to visualize the tumor. Then, an emulsion consist-
ing of doxorubicin (60 mg), mitomycin (6 mg), and lipi-
odol (80 mg) was delivered into the catheter and released
inside the feeder artery. After surgery, the catheters were
pulled out, followed by local compression and pressure
bandaging.
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Quantification of MR images

The ADC values were estimated by fitting diffusion-
weighted signals at all b values (0-1500 s/mm?) to the
following mono-exponential equation:

S =exp (—=b-ADC)

So
where S, is the signal intensity at a given b value, and S,
is the signal intensity without diffusion weighting. Diffu-
sion signal is affected by blood flow in the capillary net-
work and cerebrospinal fluids at low b values (i.e., less
than 100-200 s/mm?). Here to calculate coefficients of
diffusion, a bi-exponential IVIM quantification model
was used as follows [18]:

% =(1—f)-exp(—=b-D)+f - (—b-Dx)
where Sy is the signal at b value of zero, f (fraction of per-
fusion) is the percentage of a voxel volume occupied by
capillaries, D (true diffusion coefficient) is the diffusion
parameter representing pure molecular diffusion (“1-
[’ reflects the extravascular space where only diffusion
effects), and D* (pseudo-diffusion coefficient) is the pro-
portion of the pseudo-diffusion and reflects dephasing
due to perfusion in semi-randomly organized capillaries.
A board-certified abdominal radiologist, who was
blinded to all clinical, laboratory, and follow-up infor-
mation, delineated the regions of interest (ROIs)
on the HCC lesions. Borders were drawn along the
edge of the tumor on the original images of the DWI
sequences by referring to the conventional T1-and
T2-weighted images. Tumor size was defined as the
maximum diameter of each lesion. The ROIs were
automatically copied to the ADC and IVIM maps to
obtain the mean apparent diffusion coefficient (ADC),
true molecular diffusion coefficient (D), pseudo-diffu-
sion coefficient (D*), and perfusion fraction (f) values

Table 1 Characteristics of HCC Lesions and Their Response to TACE
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for each ROL. For each parameter, the average value of
all ROIs was calculated.

Statistical analysis

We performed analyses in SPSS (Windows ver. 18; IBM
SPSS Inc.) Descriptive data are presented in mean=+ SD /
frequency and percentage. We evaluated data normality
by Kolmogorov—Smirnov test. We acquired an Independ-
ent sample ¢ test for continuous variables with normal
distribution, Mann—Whitney U test for continuous not-
normal, and Chi-square test for nominal variables. Uni-
variate and multivariate logistic regression analyses were
used to identify independent factors for tumor response
to TACE in the response group. The final prediction
model was derived from the multivariate (backward step-
wise) logistic regression analysis results. To define opti-
mum cutoff values for most significant parameters for
tumor response to TACE, receiver-operating characteris-
tic (ROC) curves were drawn, and Youden’s | index [20]
was used. All p values less than 0.05 were considered sta-
tistically significant.

Results

Patient’s and lesion’s baseline characteristics

Twelve patients with HCC (eight males (66.6%); mean
age, 56.12 +7.88 years; range, 48—69 years) met the inclu-
sion criteria. In total, 26 lesions (13 in male patients)
were included in this study. After TACE, 13 lesions clas-
sified in response group (6 lesions (23.1%) with CR, 7
lesions (26.9%) with PR) and 13 classified in nonresponse
group (12 lesions (46.2%) with SD, and 1 lesion (3.8%)
with PD). All the patients received TACE at least once,
and six patients underwent a second TACE following the
first treatment. Baseline characteristics of treated Lesions
are summarized in (Table 1).

Variables All lesions (N =26) Response group (N=13) Nonresponse
group
(N=13)

Gender (male/female) 13/13 9/4 4/9

Age (years)

<60 12/26 9 3

>60 14/26 4 10

mean +SD 623+11.74 54.85+7.36 69.92+£10.49

Involved liver lobe (right/left) 13/13 9/4 4/9

Tumor size before TACE (mm) 5227 +33.95 5131+31.87 5323+37.2

Tumor size after TACE (mm) 39124333 2377+£216 5446+36.52

All quantitative values are expressed as mean =+ standard deviation
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Fig.1 Pretreatment MR images of two patients with responded and nonresponded lesions to TACE. a—d Pretreatment MR Images on the same slice
of one lesion in segment eight and right lobe of the liver in a 40-year-old woman who did show tumor response to TACE. a-d IVIM-ADC, D, D*, and
f maps, with the arrow showing the HCC lesion on the same slice with mean ADC, D, D*, and f values of 0.92 x 10— 3 mm?2/s, 1.04 x 10 — 3 mm?/s,
097 x 10— 3 mm?/s, and 3.53 x 10 — 3 mm?/s, respectively. e-h Pretreatment MR Images on the same slice of one lesion in segment four and right
lobe of the liver in a 40-year-old man who did not show tumor response to TACE. e-h IVIM-ADC, D, D¥, f maps, with the arrowhead showing the
HCC lesion on the same slice with mean ADC, D, D*, and f values of 0.9 x 10— 3 mm?/s, 1.23 x 10— 3 mm?/s, 1.4 x 10— 3 mm?%/s,and 3.9 x 10— 3
mm?/s, respectively

Differences of qualitative and quantitative parameters
between response and nonresponse group

Figure 1 shows pretreatment quantitative MR images
for a patient with tumor response and a patient with-
out response to TACE, respectively. There were no sig-
nificant differences in gender, involved lobe of the liver,
ADC, and pre-TACE tumor size between response
and nonresponse group (All p values>0.05). However,
age>60 (p value=0.018) had a significant difference
between two groups. D of tumor tissue in response group
([—1.45+4.87] x 10 —3 mm?2/s) was significantly higher

than nonresponse group ([—7.38 +4.96] x 10 — 3 mm2/s)
(p value=0.005). D* of tumor tissue in response group
([—1.51+4.83] x 10—3 mm2/s) was also significantly
higher than nonresponse group ([—7.414+4.91x10—3
mm?2/s]) (p value=0.005). Meanwhile, f value of HCC
tumor was significantly higher in response group
([0.51+6]) than nonresponse group ([—6.9+5.89]) (p
value =0.004*) (Table 2).

Table 2 Comparison of baseline and IVIM-DWI parameters between response and nonresponse groups

Variable Response group Nonresponse group p value
Gender (male) 9 (34.61%) 4 (15.38%) 0.052
Age>60 4(15.38%) 10 (38.46%) 0.018*
Lobe of liver (right) 9 (34.61%) 4 (15.38%) 0.052
ADC (x 10 —3 mm2/s) 1.094+041 089404 0.22

D (x 10—3 mm2/s) — 1454487 —7.38+£496 0.005*
D* (x 10—3 mm2/s) —151£483 —741£491 0.005*
f(%) 051+6 —69+£589 0.004*
Tumor size before TACE (mm) 5131+£31.87 53.23+£37.2 0.88

All quantitative data are expressed as mean + standard deviation, all other variables reported as N (%)

ADC apparent diffusion coefficient
*Statistically significant (p value <0.05)

2 Chi-squared test is used; independent t test or Mann-Whitney U test used for all other comparisons
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Tumor response prediction model
As shown in (Table 3), univariate analysis identified
that the age>60, D, D* and f values of tumor (p val-
ues=0.024, 0.011, 0.010, and 0.009, respectively) acted as
independent predictors for tumor response to TACE. In
multivariate analysis, f (OR: 0.847 (95% CI 0.732-0.98), p
value =0.025) of tumor tissue was identified as independ-
ent predictors for tumor response to TACE.

The ROC curve analysis results for the ability of
tumor’s D, D*, and f to predict tumor response to TACE
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are shown in Fig. 2 and listed in (Table 4). The AUC of D,
D*, and f of the tumor tissue were 0.716 (95% confidence
interval [CI]: 0.504—-0.928), 0.716 (95% CI 0.503-0.929),
and 0.775 (95% CI 0.584-0.966), respectively. The opti-
mum cutoff point for D, D* and f values were —4.52,
—4.60, and 2.57, respectively.

Table 3 Univariate and Multivariate Analyses of Pretreatment Prediction for Tumor Response to TACE

Variable Univariate analysis Multivariate analysis
OR (95% Cl) p value OR (95% ClI) p value

Gender 0.198(0.037-1.045) 0.056 - -
Age > 60 7.5(1.307-43.028) 0.024* 6.064(0.824-44.643) 0.77
Lobe 5.062 (0.957-26.776) 0.056 - -
D (x 10 —3 mmz2/s) 0.809 (0.687-0.951) 0.011* - -
D* (x 10—3 mm2/s) 0.807 (0.685-0.951) 0.010* - -
f (%) 0.836 (0.731-0.957) 0.009* 0.847 (0.732-0.98) 0.025*
The multivariate model was adjusted for age at recruitment (> 60 or <60 years)
*Statistically significant (p value <0.05)
OR = odds ratio; Cl=confidence interval

a ROC Curve b ROC Curve c ROC Curve
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Table 4 Predictive performance for identifying tumor response to TACE

Variable AUC pvalue Youden’s Optimum Sensitivity (%) Specificity (%) PPV NPV Accuracy
index (%) cutoff value

D(x 10—3 mm2/s) 0.716 [0.504-0.928]  0.061 0.538 —45253 76.92% 76.92% 7692% 7692% 76.92%

D*(x 10—3mm2/s) 0.716[0.503-0.929] 0.61 0.538 —4.6004 76.92% 76.92% 7692% 76.92% 76.92%

(%) 0.775[0.584-0.966]  0.017* 0615 25752 76.92% 76.92% 7692% 7692% 76.92%

AUC: areas under the receiver operating characteristic curve, PPV: positive predictive value, NPV: negative predictive value

*Statistically significant (p value <0.05)
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Discussion

Response prediction prior to TACE treatment can help
to identify suitable HCC patients. The patients without
potential treatment benefits can directly undergo more
proper treatment options. Thus, non-beneficial treat-
ments can be delayed until appropriate treatment is
available. Therefore, in this study, we tried to find param-
eters predicting the HCC tumor response to TACE. Our
study revealed significant differences in pretreatment
IVIM parameters, including D, D*, and f values, between
responding and nonresponding lesions to TACE treat-
ment. Logistic regression analyses showed that the f
value of the HCC tumor was an independent predictor
for HCC response to TACE.

In the present study, we found that responded lesions
to TACE had significantly higher D, D* and f val-
ues than nonresponded lesions. Similarly, Zhang et al.
[21] showed HCC patients with lower preoperative D
(<0.985 x 10 — 3 mm2/s), and f values (<23.4%) tend to
have a higher incidence of recurrence. Another study by
Jia et al. [11] on Intermediate-Stage Hepatocellular Carci-
noma Response to TACE showed pretreatment D of the
tumor rather than D* was significantly different between
responded and nonresponded HCC lesions, and D was
significantly higher in response group (0.94+0.20) than
nonresponse group (0.74+0.22) while D* and f values
were not significantly different in response and non-
response group. In line with our findings, a study on
the prediction of HCC tumor necrosis based on IVIM
parameters by Kakite et al. [22] showed necrotic tumors
(1.29940.250) had significantly higher pretreatment D
value compared to viable tumors (1.05240.231), while
D* and f values were not significantly different among
necrotic and viable tumors. IVIM derived parameters can
show cell density, microcirculation perfusion, and tis-
sue complexity of lesion [23], and correlation of higher
preoperative D, D*, and f values in our study with tumor
response might be due to pathophysiological phenom-
enon that increased cellular density and nuclear-to-
cytoplasmic ratio would be more prominent than blood
perfusion when HCC recurs or poorly differentiates [21].

Similar to Jia et al’s [11] findings, ADC in our study was
not significantly different in HCC lesions of responded
and nonresponded groups or was not a significant pre-
dictor in either univariate or multivariate analysis. How-
ever, several studies, until now, investigated ADC value
as a predictor of tumor response to locoregional thera-
pies, results are still debated, and some studies have pre-
dicted the tumor response with ADC value by defining
the specific threshold [24]. For example, Kokabi et al. [25]
and Mannelli et al. [26] showed pretreatment ADC value
below the threshold (0.83 x 1072 mm?2 /s) and above the
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threshold (1.24 x 1073 mm2 /s) predicts tumor response,
respectively.

Additionally, our analysis showed f value alongside
age could independently predict the HCC response to
TACE. However, Jia et al. [11] previously reported after
multivariate regression, tumor size (P=0.038) and APT
SI (P=0.034) and D (P=0.038) of HCC tumor can inde-
pendently predict the tumor response to TACE.

Our study showed pretreatment IVIM parameters
could predict the HCC response to TACE. Regarding
the evaluation of every lesion on patients with multi-
ple lesions in the current study, our results might help
the clinicians to decide on every lesion in patients with
multiple HCC tumors. Regardless of previous quan-
titative studies on the prediction of HCC response
to TACE, with contrast-enhanced MRI, quantitative
IVIM-DWTI parameters can be utilized when intrave-
nous contrast administration is not possible (in patients
with hepatorenal insufficiency) or when small lesions
are adjacent to vessels.

Limitations

There were several limitations to the present study.
First, our sample size was relatively small. Second, this
study was a single-center study, and it is prone to selec-
tion bias. Third, our follow-up time was relatively short.

Conclusions

In conclusion, our results suggest that IVIM-DWI
quantitative parameters including D, D* and f values
are associated with HCC lesions response to TACE,
and fvalue can be used as an independent predictor of
tumor response to TACE. However, more studies would
be needed to make a definite predictive tool based on
IVIM-DWI imaging.
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