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Abstract

Background: To study the influence of preoperative transcatheter arterial chemoem-
bolization (TACE) on the incidence of microvascular invasion (MVI) and long-term
survival outcomes in hepatocellular carcinoma (HCC) patients.

Methods: Between January 1, 2010 and December 1, 2014, consecutive HCC patients
who underwent curative liver resection were enrolled in this study. Univariable and
multivariable regression analyses were used to identify independent predictive factors
of MVI. Propensity score matching (PSM) was used to compare the incidences of
MVI and prognosis between patients who did and did not receive preoperative TACE.
Factors associated with Disease-Free Survival (DFS) and Overall survival (OS) were
identified using Cox regression analyses.

Results: Of 1624 patients, 590 received preoperative TACE. The incidence of MVI
was significantly lower in patients with preoperative TACE than those without pre-
operative TACE (39.15% vs. 45.36%, p = 0.015). After PSM, the incidences of MVI
were similar in the two groups (38.85% vs. 41.10%, p = 0.473). Multivariable regres-
sion analysis revealed preoperative TACE to have no impact on the incidence of MVI.
Before PSM, survival of patients with preoperative TACE was significantly worse
than those without preoperative TACE (p = 0.032 for DFS and p = 0.027 for OS).
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most prevalent
malignant tumor worldwide. It is the fifth most commonly
diagnosed malignant tumor and the third highest cause of
cancer-related death.! Liver resection remains the mainstay
of curative treatment for HCC. However, even for patients
with early stage disease, recurrence and metastasis after sur-
gery occur in approximately 50%—70% of patients.>* Thus,
measures to decrease tumor recurrence and prolong patient
survival after surgery are urgently needed.

Previous studies have shown tumor size, tumor number,
degree of tumor differentiation, AFP level, and surgical mar-
gins to be factors associated with postoperative recurrence.*®
In addition, microvascular invasion (MVI) is a known high-
risk factor that leads to early recurrence after curative liver
resection for HCC.” Approximately 20%-60% of speci-
mens obtained after liver resection for HCC are accompanied
by MVL'® which can also be found in early and even very
early stages of HCC."" Therefore, reducing MVI incidence
is an effective method to improve the long-term survival of
HCC patients.

Our previous study has shown that the prognosis of pa-
tients with preoperative TACE was better than that of patients
without preoperative TACE, although the difference was
not significant.'” This may be associated with the different
incidence of MVI between the two groups. In addition, no
significant difference between the two groups in prognosis
may attribute to relative small sample size in the study. Using
a large HCC patient cohort, this study aimed to analyze the
influence of preoperative TACE on the incidence of MVI
and the long-term post-hepatectomy prognosis of patients.
To reduce potential biases that are inherent in retrospective
studies, propensity score matching (PSM) was used. PSM, a
widely used statistical method in cohort studies, can match
patients with similar distribution of confounders so that the
difference in outcomes gives unbiased estimate of treatment
effect.
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After PSM, the difference became insignificant (p = 0.465 for DFS and p = 0.307
for OS). After adjustment for other prognostic variables in the propensity-matched
cohort, preoperative TACE was still found not to be associated with DFS and OS after
HCC resection. Both before and after PSM, the prognosis of patients was not signifi-
cantly different between the two groups for BCLC stages 0, A, and B.

Conclusions: Preoperative TACE did not influence the incidence of MVI and prog-

nosis of patients with HCC who underwent ‘curative’ liver resection.

hepatocellular carcinoma, microvascular invasion, prognosis, transcatheter arterial

2 | METHODS AND PATIENTS

2.1 | Methods

The study has been reported in line with the STROCSS crite-
ria.'® The registration unique identifying number of this ret-
rospective study is researchregistry6025. (https://www.resea
rchregistry.com/browse-the-registry#home/).

2.2 | Study population

In order to analyze the impact of preoperative TACE on the
long-term survival of HCC patients, consecutive HCC pa-
tients who underwent RO resection at our Hospital between
January 1, 2010 and December 1, 2014 were assessed to enter
into this study. Preoperative diagnosis of HCC was based on
the diagnostic criteria used by the American Association for
the Study of Liver Diseases.'* The inclusion criteria for this
study were patients with (a) no macroscopic vascular invasion
or extrahepatic metastasis, (b) liver function of Child—Pugh
A or selected B (score B 7), (c) age between 18-70 years, (d)
complete serological data and underwent contrast-enhanced
computed tomography (CT) or magnetic resonance imaging
(MRI), (e) RO liver resection (the definition of RO liver resec-
tion is complete removal of macroscopic tumor nodules and
absence of microscopic tumor tissues at the operative mar-
gins),15 (f) a histopathological diagnosis of MVI determined
by two experienced pathologists, (g) complete clinical and
follow-up data, and (h) no other anticancer treatment prior
to surgery, including percutaneous ethanol injection, percuta-
neous radiofrequency ablation, chemotherapy, radiotherapy,
molecular targeted agents, or portal vein embolization. The
exclusion criteria were patients with (a) incomplete clini-
cal and/or follow-up data, (b) R1/R2 palliative resection, (c)
HCC accompanied with other cancers, or (d) surgery-related
death within 30 days. The study was approved by the eth-
ics committee of our hospital, and written informed consent
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was obtained from all participants for their data to be used in
clinical research.

2.3 | Preoperative TACE

TACE was performed as previously described.? Briefly, a
vascular catheter was inserted through a femoral artery using
the Seldinger technique, and hepatic angiography was then
performed. The catheter's tip was selectively inserted into the
left or right hepatic artery, or the tumor-feeding artery when
technically possible. An emulsion of 5-fluorouracil (1 g), mi-
tomycin C (20 mg), cisplatin (5 mg), and lipiodol (10-30 ml;
1-2 ml/cm of tumor diameter) was then injected. Tumor
feeding vessels were embolized with gelatin sponge.

All patients received routine blood tests, liver function,
renal function, CEA, CA19-9, and AFP 4-6 weeks after
TACE. Radiographic responses were evaluated using the
modified Response Evaluation Criteria in Solid Tumors
(mRECISTs).'

2.4 | Data collection

Routine preoperative examinations included imaging and
serological examinations. All patients underwent abdominal
ultrasonography, abdominal contrast-enhanced MRI and/
or CT scans, and chest X-ray or chest CT scans. All radio-
logical data were reviewed using unified diagnostic criteria
by two independent radiologists who had >10 years of ra-
diological experience. Preoperative laboratory tests included
routine blood tests, liver function, renal function, coagula-
tion profile, hepatitis B surface antigen/e antigen, hepatitis C
antibody, hepatitis B virus DNA load (HBV DNA), hepatitis
C virus RNA load, levels of alpha-fetoprotein (AFP), carci-
noembryonic antigen (CEA), and carbohydrate antigen 19-9
(CA19-9). HBV DNA, AFP, total bilirubin (TBIL), albumin
(ALB), alanine aminotransferase (ALT), and platelet (PLT)
were coded as binary variables according to the cutoff points
that were reported previously.17 Esophageal and gastric
varices were diagnosed by esophagogastroduodenoscopy.
The Barcelona Clinic Liver Cancer (BCLC) staging classifi-
cation was used for tumor staging.18

2.5 | Preoperative evaluations and
surgical procedures

Resectability of HCC was evaluated according to patient's
general condition, liver function, tumor size, tumor location,
and amount of future remnant liver volume, as estimated based
on CT and/or MRI scans before operation. The technique
used for RO liver resections was as previously described."

Satellite nodules were defined as tumors <1 cm in diame-
ter and located <1 cm from the main tumor. Currently, the
definition of MVI is the presence of tumor cells in a portal
vein, hepatic vein, or large capsular vessel of the surround-
ing hepatic tissue lined by endothelium that is only visible
under microscopy.9 All histopathological evaluations were
performed independently by two pathologists with >10 years
of experience. The two pathologists were blinded to all clini-
cal data.

2.6 | Follow-up and endpoints

All patients were reviewed once every 3 months after sur-
gery. Postoperative follow-up was performed by the same
team of surgeons, and the follow-up program included serum
AFP, complete blood counts, liver function, renal func-
tion, hepatitis B virus DNA, hepatitis C virus RNA, chest
X-ray, abdominal B-ultrasound, and abdominal contrast-
enhanced CT or MRI. When a patient was diagnosed with
tumor recurrence, appropriate treatments, such as percuta-
neous ethanol injection, radiofrequency ablation, TACE, or
re-hepatectomy, were performed based on the patient's gen-
eral condition, liver function, tumor size, pattern of tumor
recurrence, and patient's wishes. Treatment of extrahepatic
metastasis included local excision, systemic chemotherapy,
and molecular targeted therapy. The best supportive care was
given to patients with end-stage disease, poor liver function,
or poor general status. This study was censored on June 1,
2019.

The median (interquartile range) duration of follow-up
was 48 (22-86) months. The primary endpoints were overall
survival (OS), which was measured from the date of surgery
to the date of patient death or last follow-up, and time to re-
currence, which was calculated from the date of surgery to
the date when tumor recurrence was diagnosed. The second-
ary outcome was the presence of MVI based on postoperative
histopathology.

2.7 | Propensity score matching (PSM)
Patients with preoperative TACE were matched with pa-
tients without preoperative TACE using the PSM as previ-
ous description. 20-22 Covariates entered into the PSM model
included gender, age, sex, HbsAg, HbeAg, HCV Ab, HBV-
DNA load, AFP levels, TBIL, ALB, ALT, preoperative plate-
lets count, tumor number, cirrhosis, maximum tumor size,
tumor encapsulation, tumor margin, tumor differentiation,
and satellite nodules. PSM was performed as a 1:1 match-
ing between the two groups, with nearest-neighbor matching
and a 0.05 caliper width. The matching procedure has been
described previously.23
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2.8 | Statistical analysis

Continuous variables were expressed as median (range) or
mean (SD). Categorical variables were expressed as fre-
quency (percentage). Categorical variables were compared
by the %2 test or Fisher's exact test. Continuous variables were
compared by the student's t test or Mann—Whitney U test. All
analyses were two-tailed. Survival curves of patients with
and without preoperative TACE before and after propensity
matching were calculated using the Kaplan—-Meier method
and compared using the log-rank test. Preoperative factors
that might be associated with MVI presence were identified
by univariable and multivariable regression analyses. The
Cox proportional hazard regression model was used to adjust
for other prognostic factors, which were associated with DFS
and OS. All statistical analyses were performed using SPSS
23.0 for Windows (SPSS, IBM, Armonk, NY, USA). A p value
<0.05 was considered statistically significant.

3 | RESULTS

3.1 | Patient clinical characteristics

During the study period, of 2532 patients who underwent RO
liver resection for HCC, 612 received and 1920 patients did
not receive preoperative TACE. The reasons why these 612
patients decided to receive TACE as the first treatment were
because of personal/medical reasons to delay major surgery
(n = 230), initial refusal to surgical treatment (n = 225), or
socio-financial reasons (n = 157). Figure S1 shows the rea-
sons why 908 patients from the whole cohort of 2532 patients
were excluded from this study. Finally, 1624 patients were
enrolled into this study.

Of 1624 patients who were included in this study, 590
received preoperative TACE, while the remaining 1034 did
not receive preoperative TACE. Among the 590 patients who
were treated with preoperative TACE, 438 received a single
session of preoperative TACE and 152 received multiple ses-
sions. The median number of preoperative TACE sessions
was | (range: 1-6). The median interval between the first
TACE treatment and surgery was 11 weeks (range: 2-42).
For patients with multiple preoperative TACE sessions, the
median interval between the last TACE treatment and surgery
was 8 weeks (range: 2-29).

Baseline characteristics of the study cohorts are listed
in Table 1. There were no significant differences in serum
AFP levels, percentages of HBsAg(+), HBeAg(+), and HCV
Ab(+), or degrees of tumor differentiation between the two
groups (p > 0.05). Patients in the preoperative TACE group
were significantly younger (p < 0.05), and the proportion of
male patients was significantly higher (p < 0.05). The HBV
DNA load was significantly lower in patients who received
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preoperative TACE than those who did not receive preop-
erative TACE. There were significantly higher total biliru-
bin (TBIL) and alanine aminotransferase (ALT) levels and
a higher percentage of accompanying liver cirrhosis in pa-
tients with preoperative TACE (p < 0.001), while the albu-
min and platelet levels in the preoperative TACE group were
significantly lower than in patients without preoperative
TACE. Patients with preoperative TACE had significantly
larger tumor sizes (p < 0.001), and a significantly higher
proportion had multiple tumors (p < 0.001). The percent-
ages of smooth tumor margins and complete tumor capsules
were significantly higher, while the proportion of satellite
lesions was significantly lower in the preoperative TACE
group (p < 0.05). PSM analysis created 489 pairs of patients.
Comparisons of patients’ baseline characteristics between the
two groups in the propensity matched cohort are illustrated
in Table 1. After PSM, there were no significant differences
in the background characteristics or preoperative factors be-
tween the two groups (p > 0.05).

The 1624 patients were then stratified according to the
BCLC classification: 79 patients were classified into stage
0, 1111 were classified into stage A, and 434 were classified
into stage B. For patients in stage 0, platelet levels in the pa-
tients with preoperative TACE were significantly lower than
in patients without preoperative TACE (p < 0.001). The pro-
portion of patients with liver cirrhosis and complete tumor
capsules of preoperative TACE group were significantly
higher than that of non-preoperative TACE group (p < 0.05).
The other clinical characteristics between the two groups
were not different significantly (Table S1). PSM analysis was
not performed further because of small sample size.

For patients in stage A, 364 patients received preoperative
TACE and 747 patients did not receive preoperative TACE.
Patients with preoperative TACE were younger than patients
without preoperative TACE (p < 0.05). HBV DNA load,
ALB, PLT, and proportion of satellite lesions were signifi-
cantly lower in the preoperative TACE group than that in the
non-preoperative TACE group (p < 0.05), while TBIL, ALT,
percentage of accompanying liver cirrhosis, and proportion
of smooth tumor margins and complete tumor capsules were
significantly higher in the preoperative TACE group than
the non-preoperative group (p < 0.05). In addition, patients
with preoperative TACE had significantly larger tumor sizes
(p < 0.001) than patients without preoperative TACE. After
PSM, there were 315 patients in the preoperative TACE
group and non-preoperative group, respectively. The baseline
characteristics between the two groups were not different sig-
nificantly (p > 0.05) (Table S2).

For patients in stage B, 194 patients received preopera-
tive TACE and 240 patients did not receive preoperative
TACE. Patients in the preoperative TACE group had sig-
nificantly higher TBIL than patients in the non-preoperative
TACE group (p < 0.05). Additionally, the proportion of
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TABLE 1 Comparisons of patients’ baseline characteristics between patients with and without preoperative transarterial chemoembolization

(TACE) before and after propensity score matching (PSM)

The entire cohort

Variables
Age, years (Mean+SD)
Gender
Male
Female
HbsAg

HBV DNA
>10,000 IU/ml
<10,000 IU/ml

AFP
>400 ng/ml
<400 ng/ml

TBIL
>17umol/L
<17umol/L

ALB
>35g/L
<35¢g/L

ALT
>44 U/L
<44 U/L

PLT
>100*10"N9/L
<100*107N9/L

Tumor number
Sinle
Multiple

Liver Cirrhosis
Yes
No

Max Tumor
diameter(Mean+SD)

With Without
preoperative preoperative
TACE TACE

(N =590) (N =1034)
N (%) N (%)

50.21 +10.40  51.95 +10.22
520(88.14) 868(83.95)
70(11.86) 166(16.05)
512(86.78) 868(83.95)
78(13.22) 166(16.05)
161(27.29) 259(25.05)
429(72.71) 775(74.95)
13(2.20) 15(1.45)
577(97.80) 1019(98.55)
144(24.41) 351(33.95)
446(75.59) 683(66.05)
230(38.98) 364(35.20)
360(61.02) 670(67.80)
162(27.46) 142(13.73)
428(72.54) 892(86.27)
319(54.07) 714(69.05)
271(45.93) 320(30.95)
281(47.63) 387(37.43)
309(52.37) 647(62.57)
434(73.56) 859(83.08)
156(26.44) 175(16.92)
426(72.20) 849(82.11)
164(27.80) 185(17.89)
273(46.27) 283(27.37)
317(53.73) 751(72.63)
728 +4.68cm 642 +4.20cm

p
0.001
0.021

0.124

0.322

0.263

<0.001

0.128

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

The PSM cohort

With Without

preoperative preoperative

TACE TACE

(N = 489) (N = 489)
variables N (%) N (%) p
Age, years (Mean+SD) 50.82 +10.31  51.40+10.21  0.378
Gender 0.139
Male 429(87.73) 413(84.46)
Female 60(12.27) 76(15.54)
HbsAg 0.579
+ 418(85.48) 420(85.89)
- 71(14.52) 69(14.11)
HbeAg 0.269
+ 130(26.58) 115(23.52)
- 359(73.42) 374(76.48)
HCV Ab 0.634
+ 10(2.04) 8(1.64)
- 479(97.96) 481(98.36)
HBV DNA 0.176
>10,000 IU/ml 127(25.97) 146(29.86)
<10,000 IU/ml 362(74.03) 343(70.14)
AFP 0.552
>400 ng/ml 187(38.24) 178(36.40)
<400 ng/ml 302(61.76) 311(63.60)
TBIL 0.812
>17umol/L 101(20.65) 98(20.04)
<17umol/L 388(79.35) 391(79.96)
ALB 0.896
>35 ¢/ 294(60.12) 292(59.71)
<35¢g/L 195(39.88) 197(40.29)
ALT 0.653
>44 U/L 214(43.76) 221(45.19)
<44 U/L 275(56.24) 268(54.81)
PLT 1.000
>100*10"N9/L 371(75.87) 371(75.87)
<100*107N9/L 118(24.13) 118(24.13)
Tumor number 0.764
Sinle 370(75.66) 374(76.48)
Multiple 119(23.34) 115(23.52)
Liver Cirrhosis 0.168
Yes 200(40.90) 179(36.61)
No 289(59.10) 310(63.39)
Max Tumor 697 +443cm  6.76 +4.42cm 0.445

diameter(Mean+SD)

(Continues)
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TABLE 1 (Continued)

The entire cohort

With Without
preoperative preoperative
TACE TACE
(N =590) (N =1034)
Variables N (%) N (%) P
Tumor capsule
Absent or Partial 463(78.74) 885(85.59) <0.001
Complete 127(21.53) 149(14.41)
Tumor margin 0.002
Smooth 479(81.19) 771(74.56)
Non-smooth 111(18.81) 263(25.43)
Edmondson Grade 0.995
I+1I 61(10.33) 115(11.12)
MI+IV 487(82.54) 919(88.88)
Satellite Nodules 0.021
Presence 273(46.27) 540(52.22)
Absence 317(53.73) 494(47.78)
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The PSM cohort

With Without

preoperative  preoperative

TACE TACE

(N =489) (N = 489)
variables N (%) N (%) P
Tumor capsule 0.228
Absent or Partial 400(81.80) 385(78.73)
Complete 89(18.20) 104(21.27)
Tumor margin 0.749
Smooth 393(80.37) 389(79.55)
Non-smooth 96(19.63) 100(20.45)
Edmondson Grade 0.413
I+1I 57(11.66) 66(13.50)
I+1v 428(87.53) 423(86.50)
Satellite Nodules 0.798
Presence 237(48.47) 241(49.28)
Absence 252(51.53) 248(50.72)

Abbreviations: AFP, serum alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; DNA, deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBsAg,
hepatitis B surface antigen; HBV, hepatitis B virus; HCV Ab, hepatitis C virus antibody; PLT, platelet; PSM, Propensity score matching; TACE, transcatheter arterial

chemoembolization; TBIL, total bilirubin.

accompanying liver cirrhosis and complete tumor capsules
was significantly higher in the preoperative TACE group
than the non-preoperative group (p < 0.05). After PSM, there
were no significant differences in baseline characteristics be-
tween the two groups (p > 0.05) (Table S3).

3.2 | Tumor recurrence and overall survival
(OS) between patients with and without
preoperative TACE

The 1-, 3-, and 5-year disease-free survival (DFS) rates of
the preoperative TACE group were 80.33%, 55.21%, and
39.41%, respectively, compared with the without preopera-
tive TACE group of 78.24%, 58.34%, and 47.90%, respec-
tively. The cumulative DFS in patients with preoperative
TACE was significantly lower than that in patients without
preoperative TACE (p = 0.032). The 1-, 3-, and 5-year cu-
mulative OS rates of the preoperative TACE group were
93.89%, 72.82%, and 62.23%, respectively, compared with
the without preoperative TACE group of 94.48%, 80.81%,
and 68.62%, respectively. Thus, the OS rates of patients with
preoperative TACE were significantly lower than those with-
out preoperative TACE (p = 0.027) (Figure 1A and B). After
PSM, the 1-, 3-, and 5-year DFS rates in the preoperative
TACE group were 82.20%, 57.53%, and 41.05%, respec-
tively, while the corresponding figures for the without pre-
operative TACE group were 77.71%, 57.92%, and 48.93%,

respectively. There was no significant difference between the
two groups after PSM (p = 0.465). After PSM, the 1-, 3-, and
5-year cumulative OS rates of the preoperative TACE group
were 94.72%, 82.62%, and 67.73%, respectively, compared
with the without preoperative TACE of 94.52%, 80.43%, and
68.27%, respectively. The difference in OS between the two
groups after PSM was not significant (p = 0.307) (Figure 1C
and D).

For patients in stage 0, the prognosis of patients with
preoperative TACE was similar to those without preopera-
tive TACE (1-, 3-, and 5-year DFS rates of 84.38%, 78.13%,
and 65.63% vs. 89.36%, 76.60%, and 68.09%, respectively
p = 0.729). Similarly, the 1-, 3-, and 5-year OS rates in those
with and without preoperative TACE were 100%, 90.63%,
and 84.38% versus 97.87%, 93.62%, and 91.49%, respec-
tively (p = 0.445) (Figure S2A and B).

For patients in stage A, 364 received preoperative TACE,
and their prognosis was worse, though insignificantly, than
those without preoperative TACE (n = 747). The 1-, 3-,
and 5-year DFS rates in stage A patients with and without
TACE were 85.71%, 64.01%, and 47.82% versus 82.46%,
65.32%, and 54.52%, respectively (p = 0.084). The 1-, 3-,
and 5-year OS rates of patients with and without TACE
were 95.33%, 85.91%, and 72.27% versus 95.98%, 85.68%,
and 75.66%, respectively (p = 0.052) (Figure S3A and B).
After PSM, the respective 1-, 3-, and 5-year DFS rates in
patients with preoperative TACE were 86.35%, 65.18%,
and 48.02%, while those in patients without preoperative
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FIGURE 1 Survival analysis of patients with and without preoperative transarterial chemoembolization (TACE) in the entire cohort. (A) The
cumulative Disease-free survival (DFS) curve of HCC patients with preoperative TACE and patients without preoperative TACE before PSM

(p =0.032). (B) The cumulative overall survival (OS) curve of HCC patients with preoperative TACE and patients without preoperative TACE
before PSM (p = 0.027). (C) The cumulative DFS curve of HCC patients with preoperative TACE and patients without preoperative TACE after
PSM (p = 0.465). (D) The cumulative OS curve of HCC patients with preoperative TACE and patients without preoperative TACE after PSM

(p = 0.307)

TACE were 78.85%, 62.83%, and 52.95%, respectively.
The difference was not significant (p = 0.819). The 1-, 3-,
and 5-year OS rates were 95.87%, 86.50%, and 72.56%, re-
spectively, in patients with preoperative TACE and 95.46%,
84.35%, and 74.1%, respectively, in patients without preop-
erative TACE. Thus, there was no significant difference in
the OS rates between the two groups (p = 0.399) (Figure
S3C and D).

In BCLC stage B patients, the prognosis of the pre-
operative TACE group was similar to that of the non-
preoperative TACE group; the 1-, 3-, and 5-year DFS
rates were 69.59%, 40.20%, and 25.35% versus 62.52%,
33.18%, and 23.88%, respectively (p = 0.938). Similarly,
the 1-, 3-, and 5-year OS rates were 90.72%, 65.82%, and
54.73%, versus 88.96%, 63.12%, and 42.05%, respectively
(p = 0.736) (Figure S4A and B). After PSM, the 1-, 3-,
and 5-year DFS rates in patients with and without preop-
erative TACE were 69.39%, 37.72%, and 28.82% versus
63.95%, 36.92%, and 29.26%; the difference between the
two groups was not significant (p = 0.540). After PSM,

the 1-, 3-, and 5-year OS rates were 89.72%, 65.22%, and
52.42%, respectively, in patients with preoperative TACE
and 89.80%, 62.42%, and 42.33%, respectively, in patients
without preoperative TACE. The differences in OS rates
between the two groups were not significant (p = 0.676)
(Figure S4C and D).

3.3 | Tumor recurrence and overall survival
(OS) between patients with different intervals
between the first preoperative TACE and

liver resection

According to the intervals between the first TACE treatment
and surgery, 590 patients with preoperative TACE were
divided into two groups: intervals <4 weeks (n = 76) and
>4 weeks (n = 514). The 1-, 3-, and 5-year disease-free sur-
vival (DFS) rates of patients with intervals <4 weeks were
73.51%, 45.42%, and 30.71%, respectively, compared with
those in patients with intervals >4 weeks of 82.51%, 57.44%,
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and 41.22%, respectively. The cumulative DFS in patients
with intervals <4 weeks was significantly lower than that in
patients with intervals >4 weeks (p = 0.031). The 1-, 3-, and
5-year cumulative overall survival (OS) rates of the group
of patients with intervals <4 weeks were 94.71%, 77.12%,
and 62.53%, respectively, compared with those patients with
intervals >4 weeks of 94.02%, 80.52%, and 68.34%, respec-
tively. Thus, the OS rates of patients with intervals <4 weeks
were significantly lower than those with intervals >4 weeks
(p = 0.044) (Figure S5A and B).

3.4 | Association between preoperative
TACE and incidences of MVI

The proportion of patients with MVI was significantly
lower in the preoperative TACE group (39.15% vs. 45.36%,
p = 0.015). The difference in the incidences of MVI be-
tween the two groups after PSM also became insignificant
for the entire patient cohort (38.85% vs. 41.10%, p = 0.473)
(Table 2). On subgroup analysis after stratification by the
BCLC staging system, there were no significant differences
in MVI incidences between patients with and without pre-
operative TACE in patients in BCLC stage 0 (15.63% vs.
25.53%, p = 0.296) (Table 2), but with significant differ-
ences in patients in BCLC stage A, (29.95% vs. 39.49%,
p = 0.002). After PSM, the differences between the two
groups became insignificant (31.43% vs. 35.56%, p = 0.273)
(Table 2). In patients in BCLC stage B, there were no signif-
icant differences in MVI incidences between the two groups
either before or after PSM (before PSM: 60.31% vs. 67.50%,
p = 0.121; after PSM: 61.22% vs. 59.18%, p = 0.721)
(Table 2).
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3.5 | Association of preoperative TACE with
presence of MVI

Further analyses were conducted on the entire patient cohort
who did and did not receive preoperative TACE (n = 1624).
Multivariable regression analysis indicated that large tumor
size, satellite nodules, grade III/IV differentiation, non-
smooth tumor margins, and high a-fetoprotein levels were
independently associated with increased risks of MVI. In this
entire cohort, preoperative TACE had no impact on the inci-
dence of MVI (Table 3).

3.6 | Independent risk factors for DFS and
OS in HCC patients in the entire cohort and
PSM cohort

The results of univariable and multivariable analysis of
DFS and OS in the entire cohort are shown in Table S4 and
Table S5. Univariable analysis suggested that preoperative
TACE was associated with both DFS and OS, however, on
multivariable analysis, preoperative TACE was not inde-
pendently associated with both DFS and OS. In the PSM
cohort, the results of univariable and multivariable analysis
of DFS and OS are presented in Table S6 and Table S7.
Preoperative TACE had no impact on both DFS and OS in
the PSM cohort.

4 | DISCUSSION

Postoperative recurrences of HCC, especially early recur-
rences, are closely related to small metastases that cannot

TABLE 2 Microvascular invasion (MVI) incidences between patients with preoperative transarterial chemoembolization (TACE) and without

preoperative transarterial chemoembolization (TACE) before and after propensity score matching (PSM)

The entire cohort

All patients

Patients in
BCLC
Stage 0

Patients in
BCLC
Stage A

Patients in
BCLC
Stage B

With preoperative
TACE (N = 590)

231/590(39.15%)

With preoperative
TACE (N = 32)

5/32(15.63%)

With preoperative
TACE (N = 364)

109/364(29.95%)

With preoperative
TACE (N = 194)

117/194(60.31%)

Without preoperative
TACE (N = 1034)

469/1034(45.36%)

Without preoperative
TACE (N = 47)

12/47(25.53%)

Without preoperative
TACE (N = 747)

295/747(39.49%)

Without preoperative
TACE (N = 240)

162/240(67.50%)

The PSM cohort
p
With preoperative Without preoperative
TACE (N = 489) TACE (N = 489)
0.015 190/489(38.85%) 201/489(41.10%) 0.473
0.296 — — —
With preoperative Without preoperative
TACE (N =315) TACE (N = 315)
0.002 99/315(31.43%) 112/315(35.56%) 0.273
With preoperative Without preoperative
TACE (N = 147) TACE (N = 147)
0.121 90/147(61.22%) 87/147(59.18%) 0.721

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; MVI, Microvascular invasion; PSM, propensity score matching; TACE, transcatheter arterial

chemoembolization.
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Multivariate

TABLE 3 Logistic regression analysis
of microvascular invasion presence in

Variable OR (95% CI) P OR (95% CI) )4 patients receiving preoperative TACE

Preoperative TACE (Yes  0.775(0.631-0.952)  0.015  0.848(0.660-1.090)  0.198 treatment and those not receiving
vs. No) preoperative TACE treatment (N = 1624)

Tumor number (Multiple  1.569(1.237-1.991)  <0.001  0.795(0.583-1.083) 0.146
vs. Single)

Tumor size (>5 cm vs. 1.980(1.619-2.422)  <0.001 1.759(1.375-2.250)  <0.001
<5 cm)

Satellite nodules 5.268(4.245-6.538)  <0.001  3.397(2.583-4.467)  <0.001
(Presense vs.
Absense)

Edmondson grade 4.592(3.04-6.920) <0.001  3.457(2.163-5.528)  <0.001
(II+IV vs. I+1D)

Tumor capsule 3.029(2.242-4.092)  <0.001 1.185(0.835-1.682) 0.341
(Non-complete vs.
Complete)

Liver cirrhosis (Yes vs. 1.110(0.902-1.364) 0324 — —
No)

Age (=60 vs. <60) 0.835(0.664—1.050) 0.123 — —

Gender (Male vs. 1.195(0.902-1.584) 0215 — —
Female)

Tumor margin (Non- 12.903(9.478- <0.001  8.874(6.357-12.387) <0.001
smooth vs. Smooth) 17.566)

HCV Ab (Positive vs. 0.852(0.396-1.830) 0.681 — —
Negative)

HBV DNA (>10,000 IU/  0.950(0.767-1.176) 0635 — —
ml VS. <10,000 TU/
ml)

TBIL (>17pmol/L vs. 0.861(0.668-1.109) 0246 — —
<17umol/L)

ALT (>44 U/L vs. 1.001(0.820-1.222) 0994 — —
<44 U/L)

ALB (<35 g/L vs. 0.833(0.679-1.023) 0.091 — —
>35¢g/L)

PLT (<100*1079/L vs. 0.945(0.740-1.206) 0.648 — —
>100*1079/L

AFP (>400 ng/ml vs. 1.998(1.627-2.452)  <0.001  1.459(1.138-1.872) 0.003
<400 ng/ml)

HbeAg (Positive vs. 1.040(0.831-1.301) 0.734 — —
Negative)

HbsAg (Positive vs. 1.249(0.945-1.651) 0.118 — —

Negative)

Abbreviations: 95% CI, 95 Percent confidence interval; AFP, serum alpha-fetoprotein; ALB, albumin; ALT,
alanine aminotransferase; DNA, deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B
surface antigen; HBV, hepatitis B virus; HCV Ab, hepatitis C virus antibody; OR, odds ratio; PLT, platelet;

TACE, transcatheter arterial chemoembolization; TBIL, total bilirubin.

be found by preoperative imaging,12 and MVI leads to
recurrence of these small metastases. Thus, measures
that can reduce the incidence of MVI are of great signifi-
cance to reduce the rate of recurrence and to prolong post-
hepatectomy survival of HCC patients. This study indicated
that preoperative TACE did not reduce the incidence of

MVI and improve the prognosis of HCC patients after liver
resection.

Previous studies have shown that the tumor size, tumor
number, tumor capsule, tumor margins, AFP level, degree
of tumor enhancement in arterial phase on intravenous en-
hanced CT, platelet number, and HBV level are closely
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related to occurrence of MVI.''?*?" The influence of pre-
operative TACE on MVI occurrence is still unclear. Li et al.
reported that the incidence of MVI was significantly lower
in patients with huge HCC (>10 cm) who had preoperative
TACE when compared with patients without preoperative
TACE.?® An alternative explanation for this difference can be
in the differences in AFP levels in the two groups of patients.
In that study, the AFP level in patients with preoperative
TACE was significantly lower than those in patients without
preoperative TACE, and AFP is a known independent risk
factor for occurrence of MVL'""**? Other studies have in-
dicated that preoperative TACE can promote formation of a
tumor Capsule,29 and the incidence of M VI in patients with a
complete capsule is significantly lower than in patients with
an incomplete or without a capsule.25 27 In the present study,
the proportion of patients with a complete tumor capsule
and smooth tumor boundaries were significantly higher in
patients who received preoperative TACE. Furthermore, the
HBYV DNA level in the preoperative TACE group in the study
was significantly lower than in patients without preoperative
TACE. These factors can account for the significantly lower
MVI incidence in patients with preoperative TACE than in
patients without preoperative TACE. After PSM, there were
no significant differences in patient characteristics, tumor
size, tumor capsule, tumor boundary, and HBV DNA quan-
tity between the two groups, and the analysis also showed
no significant difference in MVI incidences between the
two groups. When patients were classified using the BCLC
Staging System, there were no significant differences in the
incidences of MVI between the two groups, regardless of
whether the patients were in stage 0, stage A, or stage B.
In addition, multivariable regression analysis revealed that
there is no impact of preoperative TACE on the incidence
of MVL

The impact of preoperative TACE on prognosis of HCC
patients has been reported, but with controversial results.
Some studies showed that prognosis after preoperative
TACE was worse than that in patients without preoperative
TACE,***!" whereas, others reported preoperative TACE to
improve prognosis in patients with huge HCC (>10 cm) or
with portal vein tumor thrombus.”®**** Our previous ran-
domized controlled trial showed that preoperative TACE did
not improve prognosis in patients with a large but resectable
HCC." It is now generally accepted that patients with re-
sectable HCC should undergo surgery without preoperative
TACE unless there is a good reason to delay surgery, e.g.,
to stabilize patient's associated medical conditions, initial re-
fusal to surgery, or because of personal reasons. The sample
of our randomized study was too small to perform further
analyses of subgroups. In this study, PSM was used to ad-
just for potential confounding factors and to reduce selection
bias between the two groups. Survival analyses indicated that
there was no significant difference in long-term DFS and OS
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between patients with and without perioperative TACE. When
the patients were classified using the BCLC Staging System,
there were no significant differences in the long-term DFS
and OS between the two groups, regardless of whether the
patients were in stage O, stage A, or stage B. Multivariable
Cox analysis of DFS and OS suggested that preoperative
TACE was not independently associated with either DFS or
OS in the entire HCC or the PSM cohorts. Previous studies
have shown that prognosis of patients with tumor necrosis
area >90% to be significantly better than patients with tumor
necrosis area §90%.34 Also, long term survival outcomes of
patients with incomplete or no tumor necrosis after TACE
were significantly worse after hepatic resection in patients
with preoperative TACE than in patients without preopera-
tive TACE.* Furthermore, multivariate cox analysis showed
that tumor necrosis area >90% to be an independent protec-
tive factor of recurrence and survival.** A longer time be-
tween the first TACE procedure and liver resection has been
reported to be related to the tumor necrosis area >90%.% In
this study, the impact of different intervals between the first
TACE and liver surgery on prognosis of HCC patients was
also analyzed. Survival of patients with intervals <4 weeks
was significantly worse than that in patients with intervals
>4 weeks. A possible explanation is that iodized oil needs
a long period to exert its effect as the deposited amount of
iodized oil has been demonstrated not to correlate with tumor
necrosis within 20 days. However, after 20 days, there was
an obvious correlation between them, and a study reported
that tumor necrosis was mainly due to long-term deposition
of iodized o0il.¥” So tumor response to preoperation TACE
affects prognosis of HCC patients. The criteria in selecting
patients who can benefit from preoperative TACE need to be
further studied.

4.1 | Limitations

This study had several limitations. First, this is a single in-
stitutional retrospective study with its own inherent defects.
Second, the majority of patients in this study had HBV-
related HCC. Patients with HCV-related HCC and those with
other etiologies will need to be further studied to support the
findings of this study.

ACKNOWLEDGEMENTS

This work was supported by grants from the National Natural
Science Foundation of China (81502416); Science Fund
for Creative Research Groups, NSFC, China, (81521091);
and the State key infection disease project of China
(2018ZX10732202-002-005).

CONFLICT OF INTEREST
No potential conflicts of interest were disclosed.



2110 .
—I—Wl LEY_Cancer Medicine _

YANG ET AL.

ETHICAL APPROVAL AND INFORMED
CONSENT

The study was approved by the Institutional Ethics Committee
of the EHBH. Informed consent was obtained from all the pa-
tients for their data to be used for research.

DATA AVAILABILITY STATEMENT

All related data of our center are stored in the National Liver
Tissue Bank (NLTB, www.nltb.org). The data that support
the findings of this study are available from the National
Liver Tissue Bank (NLTB, www.nltb.org), but restrictions
apply to the availability of these data, which were used under
license for the current study, and so are not publicly availa-
ble. However, all related data in this study are available from
the corresponding author on reasonable request.

ORCID

Kongying Lin ‘© https://orcid.org/0000-0001-8886-4054
Weiping Zhou ‘© https://orcid.org/0000-0002-8464-3454
REFERENCES

1. Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and
management of hepatocellular carcinoma: 2018 practice guidance
by the American Association for the Study of Liver Diseases.
Hepatology. 2018;68(2):723-750.

2. Kanwal F, Befeler A, Chari RS, et al. Potentially curative treatment
in patients with hepatocellular cancer—results from the liver cancer
research network. Aliment Pharmacol Ther. 2012;36(3):257-265.

3. Tabrizian P, Jibara G, Shrager B, Schwartz M, Roayaie S.
Recurrence of hepatocellular cancer after resection: patterns, treat-
ments, and prognosis. Ann Surg. 2015;261(5):947-955.

4. Sasaki YO, Yamada T, Tanaka H, et al. Risk of recurrence in a
long-term follow-up after surgery in 417 patients with hepati-
tis B- or hepatitis C-related hepatocellular carcinoma. Ann Surg.
2006;244(5):771-780.

5. Shah SA, Cleary SP, Wei AC, et al. Recurrence after liver resec-
tion for hepatocellular carcinoma: risk factors, treatment, and out-
comes. Surgery. 2007;141(3):330-339.

6. Chen XP, Qiu FZ, Wu ZD, Zhang ZW, Huang ZY, Chen YF. Long-
term outcome of resection of large hepatocellular carcinoma. Br J
Surg. 2006;93(5):600-606.

7. Sumie S, Kuromatsu R, Okuda K, et al. Microvascular invasion in
patients with hepatocellular carcinoma and its predictable clinico-
pathological factors. Ann Surg Oncol. 2008;15(5):1375-1382.

8. Lim K-C, Chow P-H, Allen JC, et al. Microvascular invasion is a
better predictor of tumor recurrence and overall survival following
surgical resection for hepatocellular carcinoma compared to the
Milan criteria. Ann Surg. 2011;254(1):108-113.

9. Roayaie S, Blume IN, Thung SN, et al. A system of classify-
ing microvascular invasion to predict outcome after resection
in patients with hepatocellular carcinoma. Gastroenterology.
2009;137(3):850-855.

10. Rodriguez-Peralvarez M, Luong TV, Andreana L, Meyer T,
Dhillon AP, Burroughs AK. A systematic review of microvascular
invasion in hepatocellular carcinoma: diagnostic and prognostic
variability. Ann Surg Oncol. 2013;20(1):325-339.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lee S, Kang TW, Song KD, et al. Effect of microvascular inva-
sion risk on early recurrence of hepatocellular carcinoma after
surgery and radiofrequency ablation. Ann Surg. 2019. https://doi.
org/10.1097/SLA.0000000000003268. [Epub ahead of print].
Zhou W-P, Lai ECH, Li A-J, et al. A prospective, randomized,
controlled trial of preoperative transarterial chemoemboliza-
tion for resectable large hepatocellular carcinoma. Ann Surg.
2009;249(2):195-202.

Agha R, Abdall-Razak A, Crossley E, et al. STROCSS 2019
guideline: strengthening the reporting of cohort studies in sur-
gery. International journal of surgery (London, England).
2019;72:156-165.

Bruix J, Sherman M. Practice guidelines committee AAftSoLD.
Management of  hepatocellular  carcinoma.
2005:42(5):1208-1236.

Wang K, Liu J, Yan ZL, et al. Overexpression of aspartyl-

Hepatology.

(asparaginyl)-beta-hydroxylase in hepatocellular carcinoma

is associated with worse outcome.
2010;52(1):164-173.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment
for hepatocellular carcinoma. Semin Liver Dis. 2010;30(1):52-60.
Yang P, Si A, Yang J, et al. A wide-margin liver resection im-

proves long-term outcomes for patients with HBV-related he-

surgical Hepatology.

patocellular carcinoma with microvascular invasion. Surgery.
2019;165(4):721-730.

de Freitas LBR, Longo L, Santos D, Grivicich I, Alvares-da-Silva
MR. Hepatocellular carcinoma staging systems: Hong Kong liver
cancer vs Barcelona clinic liver cancer in a western population.
World Journal of Hepatology. 2019;11(9):678-688.

Shi M, Guo R-P, Lin X-J, et al. Partial hepatectomy with wide ver-
sus narrow resection margin for solitary hepatocellular carcinoma:
a prospective randomized trial. Ann Surg. 2007;245(1):36-43.
Benedetto U, Head SJ, Angelini GD, Blackstone EH. Statistical
primer: propensity score matching and its alternatives. Eur J
Cardiothorac Surg. 2018;53(6):1112-1117.

Rosenbaum PR, Rubin DB. Constructing a control group using
multivariate matched sampling methods that incorporate the pro-
pensity score. Am Stat. 1985;39:33-38.

Rubin DB, Thomas N. Matching using estimated propensity scores:
relating theory to practice. Biometrics. 1996;52(1):249-264.

Yang T, Lu J-H, Lau WY, et al. Perioperative blood transfusion
does not influence recurrence-free and overall survivals after cu-
rative resection for hepatocellular carcinoma: a propensity score
matching analysis. J Hepatol. 2016;64(3):583-593.

McHugh PP, GilbertJ, Vera S, Koch A, Ranjan D, Gedaly R. Alpha-
fetoprotein and tumour size are associated with microvascular in-
vasion in explanted livers of patients undergoing transplantation
with hepatocellular carcinoma. HPB (Oxford). 2010;12(1):56-61.
Xu X, Zhang H-L, Liu Q-P, et al. Radiomic analysis of contrast-
enhanced CT predicts microvascular invasion and outcome in he-
patocellular carcinoma. J Hepatol. 2019;70(6):1133-1144.

Lee S, Kim SH, Lee JE, Sinn DH, Park CK. Preoperative ga-
doxetic acid-enhanced MRI for predicting microvascular inva-
sion in patients with single hepatocellular carcinoma. J Hepatol.
2017;67(3):526-534.

Lei Z, Li J, Wu D, et al. Nomogram for preoperative estimation
of microvascular invasion risk in Hepatitis B virus-related he-
patocellular carcinoma within the milan criteria. JAMA surgery.
2016;151(4):356-363.


http://www.nltb.org
http://www.nltb.org
https://orcid.org/0000-0001-8886-4054
https://orcid.org/0000-0001-8886-4054
https://orcid.org/0000-0002-8464-3454
https://orcid.org/0000-0002-8464-3454
https://doi.org/10.1097/SLA.0000000000003268
https://doi.org/10.1097/SLA.0000000000003268

YANG ET AL.

.. 2111
Cancer Medicine _ “WI LEYJ—

28.

29.

30.

31.

32.

33.

34.

Li C, Wang MD, Lun LU, et al. Preoperative transcatheter arterial
chemoembolization for surgical resection of huge hepatocellular
carcinoma (>/= 10 cm): a multicenter propensity matching analy-
sis. Hep Intl. 2019;13(6):736-747.

Zhang Z, Liu Q, He J, Yang J, Yang G, Wu M. The effect of pre-
operative transcatheter hepatic arterial chemoembolization on
disease-free survival after hepatectomy for hepatocellular carci-
noma. Cancer. 2000;89(12):2606-2612.

Kishi Y, Saiura A, Yamamoto J, et al. Preoperative tran-
sarterial chemoembolization for hepatocellular
Hepatogastroenterology. 2012;59(119):2295-2299.
Lee K-T, Lu Y-W, Wang S-N, et al. The effect of preoperative
transarterial chemoembolization of resectable hepatocellular

carcinoma.

carcinoma on clinical and economic outcomes. J Surg Oncol.
2009;99(6):343-350.

Zhang Y-F, Guo R-P, Zou R-H, et al. Efficacy and safety of pre-
operative chemoembolization for resectable hepatocellular carci-
noma with portal vein invasion: a prospective comparative study.
Eur Radiol. 2016;26(7):2078-2088.

Lu CD, Peng SY, Jiang XC, Chiba Y, Tanigawa N. Preoperative
transcatheter arterial chemoembolization and prognosis of patients
with hepatocellular carcinomas: retrospective analysis of 120
cases. World J Surg. 1999;23(3):293-300.

Allard M-A, Sebagh M, Ruiz A, et al. Does pathological re-
sponse after transarterial chemoembolization for hepatocel-
lular carcinoma in cirrhotic patients with cirrhosis predict
outcome after liver resection or transplantation? J Hepatol.
2015;63(1):83-92.

35.

36.

37.

Qi X, Liu L, Wang D, Li H, Su C, Guo X. Hepatic resection
alone versus in combination with pre- and post-operative tran-
sarterial chemoembolization for the treatment of hepatocellular
carcinoma: a systematic review and meta-analysis. Oncotarget.
2015;6(34):36838-36859.

Kwan SW, Fidelman N, Ma E, et al. Imaging predictors of the re-
sponse to transarterial chemoembolization in patients with hepato-
cellular carcinoma: a radiological-pathological correlation. Liver
Transpl. 2012;18(6):727-736.

Tu R, Guo JY, Wang CY, et al. Lipiodol deposition and tumor ne-
crosis of hepatocellular carcinoma after transcatheter arterial em-
bolization using Lipiodol. Chin J Radiology. 1992;26:302-304.

SUPPORTING INFORMATION
Additional supporting information may be found online in
the Supporting Information section.

How to cite this article: Yang Y, Lin K, Liu L, et al.
Impact of preoperative TACE on incidences of
microvascular invasion and long-term post-hepatectomy
survival in hepatocellular carcinoma patients: A
propensity score matching analysis. Cancer Med.
2021;10:2100-2111. https://doi.org/10.1002/cam4.3814



https://doi.org/10.1002/cam4.3814

