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Purpose: To evaluate whether the pretreatment apparent diffusion coefficient (ADC) measured
with diffusion weighted imaging (DWI) of tumor can be used as an imaging biomarker for
predicting prognosis in solitary large hepatocellular carcinomas (HCCs) treated with transcatheter
arterial chemoembolization (TACE) immediately combined with radiofrequency ablation (RFA).
Patients and Methods: In this single institution retrospective study, 40 solitary large
HCCs that underwent treatment with TACE immediately combined with RFA were analyzed.
All patients underwent abdominal dynamic contrast-enhanced magnetic resonance imaging
within one month before treatment with DWI, and ADC values in the lesions were measured
by two independent radiologists. Associations among patients’ preoperative ADC values and
objective response (OR), progression-free survival (PFS) and overall survival (OS) were
examined. Survival curves were drawn with the Kaplan—Meier method, and differences were
determined with the Log rank test. The Cox proportional-hazards model was used for
univariate and multivariate analyses of PFS and OS.

Results: Forty solitary large HCCs (mean 9.54 c¢m, range 5.04—16.06 cm) were successfully
treated with TACE in immediate combination with RFA (OR 75%). The ADC values were
significantly higher in the response group than the non-response group (1.51+0.32x10°
mm?/s vs 1.09£0.17x107> mm?/s; P<0.001). As predicted on the basis of the ADC values,
the optimal cutoff value for the efficacy of TACE combined with RFA was 1.32x10> mm?/s,
with a predictive sensitivity of 0.63 and a specificity of 1.00. Patients with high ADC had
longer PFS than those with low ADC (14.9 months vs 5.3 months; P<0.001) and had
significantly longer survival rates (22.6 months vs 12.1 months; P=0.004).

Conclusion: Preoperative ADC values <1.32x10 > mm?/s are an independent predictor of
poorer prognosis in patients with solitary large HCCs who have undergone TACE immedi-
ately combined with RFA.

Keywords: solitary large hepatocellular carcinoma, apparent diffusion coefficient, TACE,

radiofrequency ablation

Introduction

Liver cancer, the fourth most common cause of cancer-related death, ranks sixth in
terms of cancer incidence; hepatocellular carcinoma (HCC) accounts for most
primary liver cancers.' Even if screening programs for cirrhosis allow for increased
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diagnosis of small HCC, large tumors still remain
common.” Solitary large HCCs, which exhibit only soli-
tary nodes with diameters larger than 5 c¢cm and grow
expansively within intact capsules or pseudocapsules, are
a special type of liver cancer that commonly has a more
benign biological behavior than multinodular type cancer.’
Although solitary large HCCs can be resected safely in
certain patients,” elevated bilirubin, portal hypertension or
vascular invasion excludes patients with a single large
HCC from liver hepatectomy.” In patients with unresect-
able solitary large HCC, the combination of transcatheter
arterial chemoembolization (TACE) and radiofrequency
ablation (RFA) is synergistic: each method overcomes
the limitations of the other, thereby significantly improv-
ing the local tumor inactivation rate, recurrence-free sur-
vival rate and overall survival (OS), as compared with
either RFA or TACE monotherapy.®” With the develop-
ment of cone-beam CT and angio-CT, a single-session
combination of TACE and RFA has become a new and
effective choice for the treatment of solitary large HCCs
with satisfactory outcomes.'®"? In solitary large HCCs, as
in many other cancers, identifying potential predictors of
locoregional therapy response remains important.

Diffusion weighted imaging (DWI) can be used to
evaluate the random Brownian motion of water molecules
inside and outside tumor cells through the apparent diffu-
sion coefficient (ADC), thereby indirectly reflecting the
changes in the tumor tissue microenvironment, including
tumor cell density, hypoxia, interstitial pressure level and
metastasis tendency.'* Prior studies have found that the
ADC is inversely correlated with the histological grade
and microvascular invasion of HCC.'>'® Many studies
also have confirmed that increases in the ADC at different
times after TACE are consistent with different TACE
response results (mRECIST, histopathological necrosis
and progression-free survival [PFS])."""” However, pre-
treatment ADC has been investigated as an imaging pre-
dictor of HCC response to locoregional therapies and
overall survival (OS), and conflicting results have been
reported.”* 2 Some studies®™*'** have shown that a high
pretreatment mean ADC is predictive of poor HCC
response to intraarterial therapies, whereas Mannelli et al**
have demonstrated the opposite conclusion, in which
lower ADC is associated with poorer response to che-
moembolization. As for the combination therapy, espe-
cially for the immediate combination of TACE and RFA,
the predictive value of ADC remains unknown.

Hence, we conducted this study to evaluate whether the
preoperative ADC value might be used as an imaging
predictor of the short-term prognosis of solitary large
HCCs treated with TACE immediately combined with
RFA, as well as of long-term patient survival.

Patients and Methods
Study Population

This single institution retrospective study complied with
the Declaration of Helsinki, and the study protocol was
approved by the Ethics Committee of the Chinese PLA
General Hospital. An institutional interventional radiology
database was searched for all patients with solitary large
HCC between December 2014 and July 2018. The selec-
tion criteria were as follows: (1) solitary large HCCs
diagnosed with imaging criteria defined by the European
Association for the Study of the Liver (EASL) guidelines
or by biopsy, with a maximum tumor diameter of >5 cm;
(2) patient refusal of surgery or patient not being
a candidate for surgery; (3) Child-Pugh grade for liver
function rated A or B, or Barcelona Clinic Liver Cancer
(BCLC) stage A, B, or C; (4) treatment with TACE imme-
diately combined with RFA; (5) MRI including DWI per-
formed within 30 days before the procedure. The
exclusion criteria were as follows: (1) multiple HCCs;
(2) macrovascular invasion of the main portal vein or the
main portal branches and extrahepatic metastases; (3) no
regular postoperative follow-up performed by the PLA
General Hospital; (4) serious image artifacts that affect
measurement.  All  patients were discussed in
a multidisciplinary team (MDT) involving interventional
radiologists, oncologists, radiation oncologist and surgical
oncologists and considered for TACE immediately com-
bined with RFA.

A total of 374 consecutive large liver carcinomas treated
with TACE immediately combined with RFA were identified.
After application of the exclusion criteria, a total of
40 patients with large solitary HCCs (mean 9.54+3.18 cm,
range 5.04—16.06 cm) who underwent treatment with TACE
immediately combined with RFA were enrolled our study
(34 males, 6 females; mean age 55 years, range 28—82 years).
The flowchart is shown in Figure 1. The diagnosis of solitary
large HCC was confirmed through biopsy in 12 patients and
on the basis of imaging criteria in 28 patients. All included
patients volunteered to receive TACE immediately combined
with RFA treatment and provided signed informed consent at
the time of treatment.
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Figure | Flow chart of patients included in the study.

MRI Technique

All pretreatment magnetic resonance imaging (MRI) was
performed with a 3.0-T MRI system (Discovery 750, GE
Healthcare, Minneapolis, USA) with a combined 32-channel
body and spine phased-array coil. The routine liver protocol
included T2 weighted sequences, respiratory-triggered gra-
dient spin shot echo-planar DWI, in/out phase T1 weighted
sequences and 3D postcontrast dynamic contrast-enhanced
T1fat suppressed sequences (Table 1). The dynamic contrast-
enhanced phase was injected at a rate of 1.5 mL/s with
gadopentetate dimeglumine (Magnevist, Bayer, Berlin,
Germany) at a dose of 0.1 mmol/kg followed by 20 mL of
saline solution. The dynamic contrast-enhanced images
included arterial-phase (15s), venous-phase (70s) and
delayed-phase (180s) after the contrast agent injection.

The respiratory-triggered fat suppressed single shot
echo-planar imaging (SS EPI) DWI protocol with tridirec-
tional diffusion was performed by using two b-values of
0 and 800 s/mm?> (echo time, minimum; slice thickness/
gap, 6/0.5 mm; matrix, 160x128; FOV, 39x31 cm?)
(Table 1). ADC maps were calculated on a workstation
(GE Healthcare, Minneapolis, MN, USA).

TACE Treatment

TACE was performed via Siemens Artis Zee digital sub-
traction angiography (DSA) (Siemens AG, Germany) by
an interventional radiologist (FYL, with 15 years of inter-
ventional therapy experience). The modified Seldinger
vascular puncture method was adopted to perform femoral
artery puncture after routine disinfection. Celiac and

Table | Sequence Parameters for Upper Abdominal 3.0-T MR Imaging

Parameters Precontrast T2 Precontrast In/
Weighted Out Phase

Sequence type 2D Propeller FSE FS | 3D SPGR Breath

hold

No. of sections 32 48

Section thickness (mm) 6.0 5.0

Intersection gap (mm) 0.5 0

Field of view (cm?) 38x3| 38x3|

Matrix 320320 320%224

Echo time (msec) 69 Min/2.5

Repetition time (msec) 9474 42

Bandwidth(kHz) 62.5 166.67

b values used (sec/mm?)

Precontrast Diffusion Postcontrast Fat-Suppressed GRE
Weighted T1 Weighted (Three Phases)
2D SE-EPI Respiratory 3D Volumetric interpolated breath
triggered hold(LAVA)

24 60

6.0 5.0

0.5 0

38x31 36%28.8

160%128 320%128

Minimum Minimum

6300 38

250.0 200.0

0,800
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superior mesenteric artery angiography was performed
with a 4F general catheter (RH, Terumo Corporation,
Japan), and selective hepatic arteriography was also per-
formed if necessary. A 2.6F super-selective microcatheter
(Progreat, Terumo Corporation, Tokyo, Japan) was then
used to perform chemoembolization into the tumor blood
supply artery. Preoperative drugs were determined accord-
ing to the tumor volume, patient weight and general phy-
sical conditions, generally including two to four
chemotherapeutic agents selected from among epirubicin
(30-50 mg), mitomycin (8—12 mg), pirarubicin hydro-
chloride (40-50 mg), 5-FU (500-750 mg), calcium foli-
nate (75-100 mg), and oxaliplatin (100150 mg) or
cisplatin (40-60 mg). Each chemotherapy drug powder
was mixed preoperatively with iodized oil (lipiodol;
Laboratoire Guerbet, Roissy, France) to form an emulsion.
The total amount of iodide in a single treatment depended
on the tumor size but did not exceed 20 mL. Meanwhile,
gelatin sponge particles and polyvinyl alcohol were added
(300700 pmol/L, Cook Medical, Bloomington, IN, USA)
for patients with tumors with extensive blood supply. In
addition, extrahepatic collateral artery embolization was
performed if there were collateral arteries supplying the

tumor (such as the subphrenic artery or omental artery).

Immediate RFA Treatment

RFA was performed immediately after TACE in patients
under local anesthesia, under the guidance of a Somatom
Emotion CT scanner (Medical Solutions AG, Siemens,
Germany). A square grid bar was placed parallel to the
right 8-10 costal margin or under the xiphoid, and then
the target lesions were scanned with imaging 3D recon-
struction. The puncture path was accurately designed by
an interventional radiologist (FYL, with 20 years of
experience in interventional treatment) according to
tumor size, shape, location, adjacent relationship and
intraoperative iodide oil deposition, and the body surface
was marked. The puncture path avoided the intestine,
gallbladder and lungs. After repeated CT scanning to
confirm that the puncture needle was in the correct posi-
tion, the multipole radiofrequency needle was slowly
opened (Figure 2E and F). Because the patients had
large HCC, all cases were treated with multipole radio-
frequency needles with a maximum ablation diameter of
3-5 cm (RITA, Cristal Lake, IL, USA) and a needle length
of 15-25 cm. The radiofrequency treatment parameters
were as follows: treatment power of 150-200 W, target
temperature of 105°C and radiofrequency ablation time of

15-20 min. RFA was routinely performed two or three
times until the ablation range covered the tumor edge and
its entire three-dimensional space. Finally, the puncture
path was solidified at 70-90°C to decrease the risk of
bleeding and tumor implantation metastasis via the path
at the end of ablation. After surgery, the hepatoprotective
treatment was routinely administered to protect against
liver failure.

Image Processing and Data Acquisition
Two independent radiologists with four and five years of
experience in abdominal MR (JT and HJY, observers 1 and
2, respectively) retrospectively reviewed DWI on a GE
AW4.6 workplace (GE Healthcare, Minneapolis, MN,
USA) in random order under the supervision of a third
experienced radiologist with 20 years of experience in
abdominal MR (FYL, observer 3). The three radiologists
were blinded to the clinical data and histopathologic
results. ADC maps from the pre-procedure MRI were
obtained on a workstation (GE Healthcare, Minneapolis,
MN, USA) by using two b-values (0 and 800 s/mm?).
Because tumor visualization may be difficult on only
ADC maps, the tumor was located on the ADC map
(Figure 2A) in combination with contrast-enhanced images
(Figure 2B). The observers 1 and 2 measured the mean
ADC values of solitary large HCC lesions at the maximum
tumor diameter level by drawing a region of interest (ROI)
over the entire HCC lesion, including both viable and
necrotic tissue components. The lesion ADC values from
the pre-procedure MRI were recorded.

Response to therapy was assessed by observer
3 through the post-procedure dynamic-enhanced CT or
MRI examinations. Categorization of response groups by
efficacy evaluation was performed according to modified
response evaluation criteria in solid tumor (mRECIST),
which is designed to evaluate curative effects in liver
cancer.”’ Efficacy was divided into complete response
(CR), partial response (PR), stable disease (SD), and pro-
gressive disease (PD). The objective response (OR) was
CR plus PR.

Postoperative Follow-Up and Efficacy

Evaluation

All patients were reviewed at the PLA General Hospital.
The routine blood examination and hepatorenal function
tests were performed two days to one week after the
operation. Patients underwent blood examination for
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Figure 2 A male patient aged 47 years with a large solitary hepatocellular carcinoma in V and VIII segment. (A, B) Pretreatment of TACE immediately combined with RFA,
the lesion showed heterogeneous low signal on apparent diffusion coefficient map (A) with ADC value of 1.51 x10 > mm?s, heterogeneous enhancement (white arrow) in
arterial phase (B). (C) Intra-operative digital subtraction angiography showed staining of the large tumor (black arrows). (D) TACE treatment. (E, F) RFA was performed
immediately after TACE treatment. (G) Abdominal magnetic resonance imaging performed one month after the combined treatment, the tumor (white arrow) showed
complete response. (H) The tumor (white arrow) was well controlled, and no recurrence was found after 12 months follow-up. This patient showed CR at Imonth, with

progression-free survival of 34.53 months and overall survival of 56.4 months.

hepatorenal function and tumor markers, abdominal con-
trast-enhanced MRI or CT one month after the operation.
If the tumor was well controlled, follow-up examinations
were performed once every 2-3 months. Patients were
reevaluated in the MDT after each follow-up visit and
additional TACE+RFA or TACE was done “on demand,”
followed by clinical and radiological response assessment.

In cases with postoperative complications, patients were
treated promptly, and the objective response rate, necrosis
characteristics and patient survival condition were monitored
during the follow-up. All patients had pain at the puncture site,
which was relieved with morphine or oral central analgesics.
After the operation, patients had fevers with a body tempera-
ture of 37.7-40.9°C. In some patients, the blood routine tests
and liver function indicators were temporarily elevated after
operation but returned to normal after one week of pain con-
trol, hypothermia therapy and hepatoprotective treatment. No
serious complications, such as hepatapostema, liver/kidney
failure and acute tumor lysis syndrome, occurred. PFS was
defined as the time period from the start of treatment to disease
progression at follow-up or the patient’s death, whichever
came first; OS was defined as the time period from the start
of treatment to the patient’s death.

Statistical Analysis

Data analysis was performed by using commercial software
(SPSS Statistics for Windows, version 24.0; IBM, Armonk,
USA). The inter-observer variability for ADC measurements

was assessed with the intra-class correlation coefficient
(ICC). ICC values of 0-0.4 were classified as poor reliability;
ICC values of 0.40-0.75, fair to good reliability; ICC values
of 0.75-1.00, excellent reliability. Measurement data are
expressed as mean value + standard deviation, whereas
count data are described by frequency and percentage and
were compared by chi-square test or Fisher’s exact test. The
measurement data were analyzed by a f-test and one-way
analysis of variance or rank sum test according to whether the
data conformed to a normal distribution. Receiver operating
characteristic (ROC) analysis of ADC values was performed
to predict the short-term prognosis of SLHCC patients.

Survival curves were drawn with the Kaplan—Meier
method, and intra-group comparisons were made with
Log rank test. Univariate survival analysis was performed
with the Cox proportional-hazards model, in which the
variables with P<0.10 were included in Cox multivariate
survival analysis. The hazard ratio and its 95% confidence
interval (CI) were used to express the relative risk, and
thus the relationship of each variate with the PFS and OS
of patients was analyzed. P-values less than 0.05 were
considered statistically significant.

Results

Patient Baseline Characteristics
The study examined 40 consecutive patients with solitary
large HCC who were treated with TACE immediately
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combined with RFA and were 28 to 82 years of age
(median 55 years) and included 34 (85%) males and 6
females (15%). Of these, 39 patients had a history of
cirrhosis (97.5%), and most patients (85%) had good
liver metabolism and liver function (Child-Pugh grade
A). The patients were treated with immediately TACE
combined with RFA for an average of 2.18 times
(range: 1~5 times), accounting for 60% of the total number
of treatments (3.75 times) which was performed by the
patients. A total of 12 (30%) patients presented with portal
vein thrombosis (PVTT) including PV1 (segmentary
branch, 4) and PV2 (secondary order branch, 8), 11 of
whom received additional stereotactic body radiation ther-
apy (SBRT). Patient baseline characteristics are summar-
ized in Table 2.

The mean diameter of solitary large HCCs was 9.54
+3.18 cm (range 5.04-16.06 cm). No significant differ-
ences in tumor size were observed between the responding
group and the non-responding group (9.42 cm#3.18 vs
9.89 cm=+3.30; P=0.69). There was no difference in the
patients’ baseline characteristics (sex, age, serum AFP
value, Child-Pugh classification, BCLC staging, ECOG
performance status, anticancer agent and treatment times)
between the responding and non-responding tumors
(P>0.05). However, the difference in ADC values, and
PVTT between the responding group and the non-
responding group were statistically significant (P=0.005,
P<0.001).

ADC Values and OR

The interobserver reliability with regard to the ADC mea-
surements between the two radiologists was excellent
(ICC = 0.98). The ADC values of 40 solitary large
HCCs ranged from 0.87 x10~° mm?s to 2.20 x107°
mm?/s, with a mean ADC value of 1.40x107> mm?/s.
The mean time between pretreatment MR imaging and
treatment (TACE immediately combined with RFA) was
6.1 days (range 1-26 days). At the one-month follow-up,
75% (30/40) of patients showed an objective response
based on mRECIST criteria, among whom 45% had CR,
and 30% had PR. The ADC value of the response group
was significantly higher than that of the non-response
group (1.51£0.32x1072 mm?/s vs 1.09+0.17x10> mm?/s;
P<0.001) (Figure 3).

The ADC values showed that the area under the ROC
curve for the patients with solitary large HCCs treated with
TACE immediately combined with RFA was 0.860 (95%
CI: 0.740-0.980), the best cutoff value was 1.32x107°

Table 2 Baseline Characteristics of Study Patients Based on

Response
Variables Response Group Non-Response P
(n=30) Group (n=10)
Sex 0.63
Male 26 8
Female 4 2
Age (Y) 58.4+8.88(41~82) 48.614.43(28~67) 0.06
Etiology 0.77
Virus related 21 8
Hepatitis B 20 8
Hepatitis C | 0
Alcohol 3 |
Primary cholestatic | 0
hepatitis
others 5 |
AFP (ug/L) 0.23
2400 7 5
<400 23 5
Child-Pugh class 0.48
No cirrhosis | 0
A 24 10
B 5 0
BCLC staging 0.47
A 16 4
B 0 0
C 14 6
ECOG performance 0.23
status
0 19 9
| 11 |
ADC values 1.51+0.32 1.09+0.17 <0.001
(%103 mm?/s) (1.05~2.20) (0.87~1.31)
PVTT 5/30 7/10 0.005
Size of tumor (cm) 9.42+3.18 9.89+3.30 0.69
(5.05~16.06) (5.04~14.72)
N of procedures
TACE+RFA 2.33£1.37 (1~5) 1.90£0.74 (1~3) 0.22
TACE 1.53+0.86 (1~3) 1.50+1.08 (1~4) 0.92
Anticancer agent
Fluorouracil 22/30 9/10 0.51
Adriamycin 22/30 8/10 0.52
Epirubicin 8/30 2/10 0.52
Cisplatin 24/30 5/10 0.15

Abbreviations: AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
ADC, apparent diffusion coefficient; PVTT, portal vein thrombosis; ECOG,
Eastern Cooperative Oncology Group.

mm?/s, the prediction sensitivity was 63%, and the speci-
ficity was 100%. The OR of the high ADC value group
(100%) was significantly higher than that of the low ADC
group (52.4%) (P=0.001) (Table 3).
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Figure 3 Histogram of individual treated lesions’ baseline ADC values and corre-
sponding OR at Imonth.

ADC Values and Survival Analysis
Long-term dynamic follow-up of 40 patients from the
treatment to August 11, 2019, when the follow-up was
terminated revealed that 18 patients had died (including
11 with metastases, 4 with hepatic encephalopathy and
3 with gastrointestinal bleeding). Among the 18 patients
with complete responses (as illustrated in Figure 2),
3 patients died of lung metastasis, bone metastasis and
digestive system hemorrhage at the 14th, 15th and 18th
month of follow-up, respectively; among 12 patients with
partial response, 5 patients died because of hepatic ence-
phalopathy, pulmonary metastasis and osseous metastasis
at the 7th, 8th, 12th, 13th and 14th month of follow-up.
The median PFS for all 40 patients was 5.98 months
(range 1.2-35.7 months), and the median OS was 15.6
months (range 3.1-56.4 months). The postoperative PFS
and OS curves of the two groups are shown in Figures 4
and 5. Patients in the high ADC group had a significant
longer PFS (14.9 months vs 5.3 months; P<0.001) and OS
(22.6 months vs 12.1 months; P=0.004) than those in the

Table 3 ADC Groups and Response Rates According to
mRECIST at | Month

mRECIST High ADC Group Low ADC Group
CR 14 (73.7%) 4 (19.0%)

PR 5 (26.3%) 7 (33.3%)

SD 0 5 (23.8%)

PD 0 5 (23.8%)

Total 19 21

Abbreviations: ADC, apparent diffusion coefficient; mRECIST, modified response
evaluation criteria in solid tumors; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease.

Figure 4 Kaplan—Meier curves show progression-free survival in patients with
solitary large HCC in the High ADC and Low ADC groups. High apparent diffusion
coefficient (ADC) values were significantly associated with better progression-free
survival (PFS) (P<0.001).

low ADC group. The results of univariate analysis
revealed that serum AFP levels and ADC values were
associated with PFS, whereas multivariate analysis
showed that the ADC was an independent risk factor for
PFS (Table 4). The univariate analysis of OS with the Cox
proportional-hazards model demonstrated that serum AFP
levels and ADC values were associated with OS, whereas
multivariate analysis revealed that the ADC was an inde-
pendent risk factor for OS (Table 5).

Discussion

To our knowledge, this is the first reported analysis of
whether the pretreatment ADC in solitary large HCCs
treated with chemoembolization immediately combined
with RFA therapy is associated with short-term prognosis
and long-term survival. In this study, among the factors
associated with survival in patients with solitary large
HCCs, including previously reported factors®® such as
AFP level, tumor size, PVTT and TACE treatment,
ADC<1.32x107° mm?%/s was the strongest independent
factor. In addition, ROC analysis of postoperative OR
predicted by preoperative ADC values indicated that
patients with high preoperative ADC values had a higher
OR than those with low preoperative ADC values.

Lower pretreatment ADC values for HCC usually indi-
cate poor histological differentiation.”** In fact, Mannelli
et al*? have demonstrated that the lower the ADC of an
HCC tumor, the poorer the response to chemoembolization.
In addition, Barat et al*> have reported that a low ADC one
month after RFA is associated with early local recurrence of
HCC. The results of this study are consistent with these
findings, demonstrating that low ADC may be an imaging
biomarker predictor of poor response to immediate
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Figure 5 Kaplan—Meier curves show overall survival in patients with solitary large
HCC in the High ADC and Low ADC groups. High apparent diffusion coefficient
(ADC) values were significantly associated with better overall survival (OS)
(P=0.004).

combination therapy of chemoembolization and RFA for
unresectable solitary large HCCs. This finding may be
associated with the tumor microenvironmental characteris-
tics of tumor interstitial pressure (TIP),'* which is a basic
barrier to cancer treatment.>'*? The lower the ADC, the
higher the TIP.'* By increasing tumor vascular resistance
and decreasing the uptake and heterogeneous distribution of
drugs, TIP reduces the targeting of tumor therapy, thus
resulting in poor tumor response. In addition, the elevated
interstitial pressure leads to hypoxia in the tumor, which can
increase anaerobic metabolism and promote cancer metas-
tasis through multiple modes, thus further increasing the
therapeutic resistance.>”

However, pretreatment ADC has not been consistent in
predicting the response to locoregional therapies in HCC
lesions. Several studies of conventional chemoemboliza-
tion for HCC lesions have shown that tumors with low
preoperative ADC are more likely to respond to conven-
tional chemoembolization. Tumor lesions with lower ADC
values have been hypothesized to have higher density of
vascularization, thus making it a more desirable target for
intra-arterial therapy for these tumors.’®* In contrast,
tumor lesions with higher ADC are often accompanied
by necrotic areas indicative of relatively poorly perfusion,
and the antitumor efficacy of chemotherapy drugs is
diminished  because of the low  oxygen/acid
environment.”' The results of this study are inconsistent
with the above findings, possibly because previous studies
performed TACE or DEB-TACE alone for patients with
HCC. However, in the present study, we performed TACE
immediately combined with RFA for patients with solitary
large HCCs, and the immediate combination was found to
enhance the synergistic effects of chemoembolization and
thermal ablation, thereby resulting in a satisfactory prog-
nosis that TACE alone did not achieve. On the one hand,
lipiodol deposits in lesions coat and inactivate the sur-
rounding tissues of the tumor; on the other hand, after
the complete deposition of iodide oil, RFA can maximize
the heat conduction effect of iodide oil, and the heat
generated by RF needles can therefore be concentrated at

the deposition site of iodide oil to exert maximum anti-

Table 4 Univariate and Multivariate Analysis of Demographic and Imaging Covariates for PFS

Univariate

P Multivariate P

HR (95% CI)

HR (95% CI)

Sex 0.987 (0.376~2.592)
Age 0.972 (0.938~1.007)
Hepatitis B 1297 (0.495~3.397)

Hepatitis C

AFP

Size of tumor
ADC<1.32x10>mm?/s
PVTT

Child-Pugh score

BCLC staging

ECOG status

N of TACE+RFA procedures

0.337 (0.064~1.775)
2.136 (1.024~4.453)
0.958 (0.853~1.076)
4.034 (1.927~8.447)
1,026 (0.501~2.102)
1.706 (0.166~14.373)
1.109 (0.568~2.163)
1.049 (0.142~7.778)
0.988(0.775~1.286)

Fluorouracil 0.708 (0.306~1.643)
Adriamycin 0.771 (0.518~1.148)
Epirubicin 1.297 (0.871~1.931)
Cisplatin 1.213 (0.500~2.944)

0.98
0.12
0.59
0.20
0.04
0.47
<0.001
0.94
0.99
0.76
0.96
0.61
0.42
0.20
0.20
0.67

1.353 (0.622~2.943) 0.36

3.711 (1.705~8.074) 0.01

Abbreviations: ADC, apparent diffusion coefficient; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group.
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Table 5 Univariate and Multivariate Analysis of Demographic and Imaging Covariates for OS
Univariate Multivariate
HR (95% CI) P HR (95% CI) P
Sex 1.098 (0.309~3.899) 0.89
Age 0.965 (0.921~1.012) 0.14
Hepatitis B 1.210 (0.271~5.330) 0.8l
Hepatitis C 1.220 (0.172~8.675) 0.84
AFP 2.953 (1.159~7.520) 0.02 1.672 (0.600~4.659) 0.33
Size of tumor 1.047 (0.901~1.218) 0.55
ADC<1.32x10 *mm?/s 4471 (1.449~13.793) 0.009 3.518 (1.016~12.185) 0.04
PVTT 1.386 (0.535~3.592) 0.50
Child-Pugh score 1.218 (0.318~4.137) 0.72
BCLC staging 1.189 (0.471~3.000) 0.72
ECOG status 1.079 (0.398~2.928) 0.61
N of TACE+RFA procedures 0.687 (0.467~1.012) 0.06 0.476 (0.265~0.855) 0.63
Fluorouracil 0.187 (0.025~1.414) 0.10
Adriamycin 0.588 (0.169~2.048) 0.40
Epirubicin 1.700 (0.488~5.920) 0.40
Cisplatin 1.960 (0.623~6.164) 0.25

Abbreviations: ADC, apparent diffusion coefficient; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group.

tumor effects.'®!" Furthermore, RFA can compensate well
for the poor postoperative embolization effect of TACE in
the treatment of large HCC, especially in areas with poor
blood supply, thus potentially leading to residual lesions
and significantly enhancing the therapeutic effect. A low
preoperative ADC may suggest more restricted diffusion
and a higher number of cell tumors, or that the tumor is
more malignant and has stronger aggressiveness, and thus
that patients will have a relatively poorer response.

In previous studies, the threshold value of ADC that is
predictive of better OR significantly varies. Niekamp et al*”
have reported a threshold of 1.01x107> mm?/s, whereas
Mannelli et al* have reported 1.24x10> mm?/s as the cut-
off value. However, in this study, ADC values higher than
1.32x107° mm?/s predicted OR at one month after che-
moembolization immediately combined with RFA therapy,
with a sensitivity of 63% and a specificity of 100%. The
differences in the cutoff ADC values may be due to two
reasons. On the one hand, owing to the degree of organiza-
tional differentiation, solitary large HCCs have been pro-
posed and shown in previous studies to have similar
pathologic characteristics to those of small HCC,®> with
relatively good differentiation characteristics, and thus
may have relatively higher ADC values than multiple nod-
ular HCCs. On the other hand, the different absolute ADC
values may depend on the imaging equipment, coil systems,
the equipment manufacturer, and the field intensity used
for MRI.

Our multivariate survival analysis of patients with soli-
tary large HCC treated with TACE immediately combined
with RFA showed that patients in the low ADC group had
a significantly poorer PFS and OS than those in the high
ADC group, and preoperative ADC was an independent
risk factor for PFS and OS. The poorer prognosis of the
low pretreatment ADC group supports the hypothesis that
low pretreatment ADC of SLHCCs represent relatively
poorly differentiated HCC. One study with a limited sam-
ple size (n=23) has found a significant linear regression
relation between pre-TACE ADC and OS (y=—0.698,
P<0.001).>* Labeur et al** have not found that pre-TACE
ADC is associated with OS. However, the differences in
methodology across studies should be taken into account
in considering these discrepant results. The previous stu-
dies reported only a univariate association between pre-
operative ADC values and OS,” whereas this study
adopted a more robust multivariable analysis. Of note,
16 patients (17.9%) received TACE before operation in
Labeur’s study.>* The inclusion of previously locoregion-
ally treated patients in studies may have led to limited
predictive power of pretreatment ADC values as
a predictor of OS, owing to inherent treatment-related
changes.

Several factors were associated with the survival of
patients with SLHCC, such as tumor size, tumor stage,
AFP level and vascular invasion.?® In this study focusing
on SLHCCs treated with TACE immediately combined
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with RFA therapy, except for AFP level, no other factors
were associated with survival in univariate and multivari-
ate analyses. Vascular invasion has been identified as an
independent predictor of survival in patients with HCC
after chemoembolization.>* However, in this study, multi-
variate analysis showed no significant correlation between
vascular invasion and patient survival (P>0.05), possibly
because we treated patients with PV tumor thrombi with
additional radiotherapy. In this study, additional focused
radiotherapy was performed in 91.7% (11 of 12) patients
with portal vein tumor thrombi. Furthermore, our sample
size was small, thus preventing us from distinguishing the
predictive value of tumor stage.

Our study has several limitations. First, because our
study is a retrospective study, and there is indeed a certain
degree of bias in patient selection such as tumor staging
(BCLC staging) and consistency of treatment strategy. As
a result, we cannot exclude the possibility that differences
in patient tumor staging and follow-up treatment will
affect the results of the study, and this will warrant vali-
dation in different subgroups in the further studies.
Second, we were unable to provide definitive histopatho-
logically relevant DWI report findings because only
a small number of patients underwent biopsy, and a non-
invasive imaging-based diagnosis is accepted by the
European Association for the Study of the Liver (EASL)
in cirrhotic patients. Third, the cutoff value of ADC based
on the study cohort was generated by analyzing the ROC
curve, and for the values to reach consensus, improve-
ment and verification of internal and external patient
cohorts are needed. Forth, we focused on the pretreatment
ADC values in the maximum tumor diameter level of
a single axial plane, with possible measurement bias.
And the histogram analysis of ADC values in the entire
intrahepatic tumor volume should be performed in further
studies.

Conclusion

In conclusion, preoperative ADC values are signifi-
cantly associated with OR, PFS and OS of patients
with large solitary HCC treated with TACE immedi-
ately combined with RFA, and ADC is an independent
predictive factor of PFS and OS. Diffusion weighted
imaging as a substitute for tumor biological character-
istics, such as cell density, cell invasiveness and TIP,
has the potential to identify tumor treatment resistance
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