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ABSTRACT

Background. Microvascular invasion (MiVI) is a major
risk factor of survival outcomes after curative resection for
patients with hepatocellular carcinoma (HCC). This study
aimed to investigate the impact of postoperative adju-
vant transcatheter arterial chemoembolization (PA-TACE)
on HCC patients with MiVIL.

Methods. From January 2004 to June 2013, HCC patients
with histologically confirmed MiVI and well-tolerated liver
function who underwent PA-TACE after RO hepatectomy
(RH) or RH alone were studied retrospectively. In the PA-
TACE group, PA-TACE was given 4 weeks after RH. Uni-
and multivariate analyses were used to identify the prog-
nostic significance of PA-TACE.

Results. Of the 322 HCC patients with MiVI included in
the analysis, 185 entered into the RH group and 137
entered into the PA-TACE group. The baseline character-
istics of the two groups were similar except for alanine
aminotransferase (ALT) level (p = 0.037). The 1-, 2-, 3-,
and S5-year recurrence-free survival (RFS) rates were
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respectively 69.3, 55.5, 46.7, and 35.0 % for the PA-TACE
group and 47.0, 36.2, 34.1, and 30.3 % for the RH group
(log-rank, ¥* = 6.309; p = 0.012). The 1-, 2-, 3-, and
5-year overall survival (OS) rates were respectively 94.2,
78.8, 71.5, and 54.0 % for the PA-TACE group and 78.9,
62.2, 54.1, and 43.2 % for the RH group (log-rank,
x> = 7.537; p = 0.006). Multivariate Cox proportional
hazards regression analysis showed PA-TACE to be an
independent risk factor of postoperative RFS and OS.
Conclusions. This study showed that PA-TACE may be
beneficial for HCC patients with MiVI.

Hepatocellular carcinoma (HCC) is a common cancer
with a dismal prognosis. Although RO hepatectomy (RH) is
the most widely practiced therapy aimed at curing HCC, it
has a 70 % rate of tumor recurrence 5 years after opera-
tion.! Early spread of cancer cells via the bloodstream,
especially in HCC with microvascular invasion (MiV]), is a
key mechanism for intrahepatic metastasis and early tumor
recurrence.”™ In addition, MiVI shows aggressive tumor
behavior and is closely linked to a larger tumor burden.’
Unfortunately, there is still no recommended postoperative
treatment strategy for HCC patients with MiVI, which
renders the postoperative management of these patients a
major challenge.

Transcatheter arterial chemoembolization (TACE) is the
therapy most commonly used to treat intermediate-stage
HCC. By arterial injection of chemotherapeutic drugs and
embolizing agents, TACE decreases blood flow to the
tumor and induces tumor ischemic necrosis.®

The effectiveness of TACE as an adjuvant therapy
for HCC has been documented in clinical studies.”
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A randomized controlled study (RCT) showed postopera-
tive adjuvant (PA) TACE to be beneficial for patients with
HCC larger than 5 cm in diameter, multiple nodules, or
macroscopic vascular invasion.” Similar results were
obtained for patients with macroscopic portal vein tumor
thrombus (m-PVTT).'%'? Although Ke-Wei et al.'® reported
that PA-TACE improves trends in both recurrence-free
survival (RFS) and overall survival (OS), the small sample
size prevented their results from achieving statistical sig-
nificance. Thus, the effectiveness of PA-TACE for HCC
patients with MiVI needs further investigation.

This study was designed to evaluate the effectiveness of
PA-TACE for HCC patients with MiVI. The RFS and OS
of these patients were analyzed.

MATERIALS AND METHODS
Patients and Design

We consecutively reviewed the demographic, clinical,
and pathologic data of HCC patients with MiVI who
underwent RH alone or PA-TACE from January 2004 to
June 2013 from our team at the Eastern Hepatobiliary
Surgery Hospital. In this study, MiVI was defined as
microscopic tumor invasion identified in the portal and
hepatic veins of the surrounding liver tissue contiguous
with the tumor edge and confirmed histologically in the
resected specimens by three senior pathologists from the
Pathology Department of our hospital.

All the patients were reexamined in our hospital 4 weeks
after RH. If no recurrence was found, the PA-TACE treat-
ment strategy was recommended by the attending physician
(e.g., S.Q.C. or J.J.S.) due to the pathologic MiVI. Whether
the patients followed the physician’s recommendation or not
depended on their socioeconomic status or compliance with
the attending physician. If they followed the recommenda-
tion, PA-TACE was administered. Patients who refused PA-
TACE underwent RH only.

Intraoperative liver ultrasound was routinely performed
for all patients at the time of operation. If the patients were
found to have multiple tumors or a single tumor during the
first evaluation 4 weeks after RH, they were considered to
have tumor recurrence and excluded from this study. The
diagnosis of recurrence was based on computed tomogra-
phy (CT) scan and/or magnetic resonance imaging (MRI)
and raised serum alpha-fetoprotein (AFP) level.

The study enrolled patients who met the following crite-
ria: (1) no previous treatment for HCC; (2) no other
malignancies; (3) curative resection (R0) performed previ-
ously, defined as complete macroscopic removal of the
tumor with negative histologic resection margins for the
tumor'#; (4) no macrovascular invasion, such as m-PVTT or
macroscopic hepatic vein tumor thrombus (m-HVTT); (5)

functional liver status of Child-Pugh A-B, with a serum
bilirubin level 1.5 times the upper limit of normal or less and
alanine aminotransferase and aspartate aminotransferase 2
times the upper limit of normal or less; and (6) hemoglobin
level 90 g/L or higher, white blood cell level 3000 cells/mm®
or higher, and platelet level 80.000 cells/mm?® or higher."

When recurrent HCC was diagnosed during the study period,
the patients were actively treated with radiofrequency ablation,
percutaneous ethanol injection, transarterial chemoemboliza-
tion, or repeat liver resection, according to the general condition
of the patient, the underlying functional status of the liver, and
the number and location of HCC recurrence. The tumor stage
was determined according to the Barcelona Clinic Liver Cancer
(BCLC) staging system.'®

The patients recruited for this study were well informed
about the hazard of MiVI and the potential benefit of PA-
TACE. Written informed consent for the patients’ data to
be used for research purposes was obtained from all the
patients. The study protocol was approved by the Institu-
tional Ethics Committee (IEC) and the Institution Review
Board (IRB) of the Eastern Hepatobiliary Hospital.

PA-TACE

At 4 weeks after RH, when the liver function of the
patient had recovered, a hepatic arterial catheter was placed
into the proper hepatic artery through the femoral artery
using the Seldinger technique, and TACE was performed
for the entire remnant liver. Hepatic angiography, CT
angiography, or both were performed to detect any obvious
tumor stains in the remnant liver.

An emulsion of doxorubicin hydrochloride (10 mg),
pirarubicin (THP) or pharmorubicin (2040 mg), and lipi-
odol (2-10 ml) (Lipiodol Ultrafluide, Guerbet, Aulnay-
Sous-Bois, France) then was infused through the catheter.
The dosage of lipiodol and doxorubicin was determined by
body surface area and underlying liver function.'' After
1 month of follow-up evaluation, a CT scan was performed
to determine the effects of TACE.

Surgical Procedures

All surgical procedures were performed in accordance
with our previous study.'” Only patients with normal or
Child-Pugh class A or selected B liver function were
offered major hepatic resection (>3 Couinaud’s segments)
or minor hepatic resection (<2 Couinaud’s segments).

During surgery, we carefully searched the abdominal
cavity to determine the extent of local disease, extrahepatic
metastases, and peritoneal seeding. After mobilization of
the liver, intraoperative ultrasound was performed to assess
the number and size of the lesions, as well as the relation of
the tumor to vascular structures. The Pringle maneuver was
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applied to occlude the blood inflow of the liver. Liver
resection was performed by a clamp-crushing method.

Follow-Up Evaluation and Survival Analyses

Postoperative patient surveillance and management
were performed in accordance with our previous study.'®
All HCC patients with MiVI were first evaluated for
recurrence 4 weeks after RH by CT scan and a measure-
ment of the serum AFP level. The patients then were
reevaluated every 3—4 months by measurement of their
serum AFP level and by CT or MRI until death or dropout
from the follow-up program. The reported recurrence rates
are based on radiologic findings.

Recurrence-free survival was defined as the interval (in
months) between RH and the diagnosis of HCC recurrence
using either intrahepatic recurrence or extrahepatic metastasis
as end points. Overall survival was defined as the interval (in
months) from the date of RH to the date of death. This study
was censored on 31 August 2014.

Statistical Analysis

Survival was analyzed by the Kaplan—-Meier method, and
survival curves were compared by the log-rank test. Uni-
and multivariate analyses were based on the Cox propor-
tional analysis. Continuous variables are expressed as
mean =+ standard deviation or median (range) as appropri-
ate. Categorical variables were compared using the Chi
square test or Fisher’s exact test, and continuous variables
were compared using Student’s ¢ test. A p value lower than
0.05 was considered to be statistically significant. The
analysis was performed using SPSS for Windows 20.

RESULTS
Patient Characteristics

From January 2004 to June 2013, the study enrolled 370
HCC patients with MiVI who received RH alone or PA-
TACE. Patients were excluded from the final analysis if they
had missing data (6 RH patients and 2 PA-TACE patients),
had other malignancies (2 RH patients), or were lost to follow-
up evaluation (25 RH patients and 13 PA-TACE patients).
Notably, nine patients were found to have recurrent HCC by
hepatic angiography when PA-TACE was given (RFS <
4 weeks) and were not excluded from the study because the
hepatic angiography was not given to the RH group. Finally,
322 patients (185 RH patients and 137 PA-TACE patients)
were enrolled in the analysis. A flow chart is shown in Fig. 1.

The characteristics of the patients in the RH and PA-
TACE groups are shown in Table 1. The mean sex of the
patients and their ages (49.9 = 0.7 years for RH and

48.9 £ 0.9 years for PA-TACE) were well matched
between the two groups. The tumor characteristics, such as
the largest tumor diameter (7.0 £ 0.3 for RH and
6.5 + 0.3 for PA-TACE), number of tumors, BCLC stages,
AFP level, tumor capsule, microsatellites, and Edmonson
grade also were similar between the two groups. The ala-
nine aminotransferase (ALT) levels differed significantly
between the two groups (p = 0.037). There was no sig-
nificant difference in hepatitis B antigen positivity, total
bilirubin, albumin, ALT level, or Child-Pugh classification.

The Operative Outcomes

The operative outcomes are shown in Table 2. There
were no significant differences in operative time, operative
blood loss, perioperative blood transfusion, or type -
of surgery between the two groups. The surgical morbidity
rates were similar between the two groups (6.5 %, n = 12
vs 6.6 %, n =9; p =0.976). According to the Clavien-
Dindo classification, no grade 5 morbidity effects related to
surgery were observed. The RH group had more tumor-
related deaths (112 [60.5 %] vs 73[39.5 %]) than the PA-
TACE group (62 [45.3 %] vs 75 [54.7 %]) (p = 0.01).

Adverse Reactions to PA-TACE

The adverse reactions to PA-TACE are shown in sup-
plemental Table 1. There were no grade 4 or 5 adverse
reactions related to TACE. The most common adverse
reaction was nausea and vomiting (n = 130, 94.9 %). An
increase in ALT/aspartate aminotransferase (AST) was
present in 56.2 % of the patients (n = 77) and an increase
in bilirubin in 51.1 % of the patients (n = 70). Other
adverse reactions included pain (23.4 %), leucopenia
(39.4 %), increase in GGT (35.8 %), and decrease in
albumin (30.7 %).

Survival Analysis

The study was censored on 31 August 2014. The median
follow-up period was 28.8 months (95 % confidence
interval [CI] 23.0-38.7 months) for the RH group and
43.4 months (95 % CI 37.9-58.6 months) for the PA-
TACE group. A total of 174 patients died of HCC (112 RH
patients and 62 PA-TACE patients). Tumor recurrence
developed for 235 patients (135 RH patients and 100 PA-
TACE patients). The 1-, 2-, 3-, and 5-year RFS rates were
respectively 69.3, 55.5, 46.7, and 35.0 % for the PA-TACE
group and 47.0, 36.2, 34.1, and 30.3 % for the RH group
(log-rank, xz = 6.309; p = 0.012, Fig. 2a). The 1-, 2-, 3-,
and 5-year OS rates were respectively 94.2, 78.8, 71.5, and
54.0 % for the PA-TACE group and 78.9, 62.2, 54.1, and
432 % for the RH group (log-rank, y° = 7.537;
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FIG. 1 Study flow chart showing
inclusion and exclusion criteria.
RH RO hepatectomy, PA-TACE
postoperative adjuvant
transcatheter arterial
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p = 0.006, Fig. 2b). In the univariate analysis and Cox’s
multivariate analysis of the RH and PA-TACE groups, PA-
TACE was an independent risk factor for RFS and OS
(p = 0.003; hazard ratio [HR], 0.641; 95 % CI, 0.478-—
0.861 for RFS vs p = 0.001; HR, 0.602; 95 % CI 0.440—
0.822 for OS). The maximum tumor diameter also was also
an independent risk factor for both RFS and OS (Table 3).

DISCUSSION

Studies have demonstrated that MiVI is a major inde-
pendent prognostic factor for HCC patients.”'® The
presence of MiVI is common in clinical practice. It is
present in 20 % of tumors 2 cm in size, 30—60 % of nod-
ules 2-5 cm in size, and up to 60-90 % of nodules larger
than 5 cm.?® The presence of MiVI is a main obstacle to
achievement of good long-term survival rates after RH for
patients with HCC.>*"** To date, there has been no gen-
erally accepted postoperative adjuvant treatment for HCC
patients with MiVI. Therefore, we enrolled a large sample
of HCC patients with MiVI who received curative RH and

evaluated the impact of PA-TACE on this group of
patients.

This study found that PA-TACE significantly increased
the RFS and OS of HCC patients with MiVI compared with
those who received RH alone, and PA-TACE was found to
be an independent risk factor of postoperative RFS and OS.
Whereas previous RCT and non-RCT studies showed that
PA-TACE prolongs survival of patients with macrovascu-
lar invasion.'”'" this study provided data showing PA-
TACE to be effective in preventing tumor recurrence and
prolonging survival in HCC patients with MiVI.

Our results further indicate that PA-TACE significantly
reduces the early recurrence rate. The 2-year RFS rate was
55.5 % for the PA-TACE group and 36.2 % for the RH
group. After 2 years, this difference decreased, and at the
time this study was censored, the RFS was similar between
the two groups. This result is similar to the results of a
previous study.”® Because early recurrence is mainly rela-
ted to residual tumor or intrahepatic metastasis, TACE
improved the RFS rate because of its therapeutic actions on
these tumors.”*
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TABLE 1 Baseline characteristics of the study participants
Variables RH PA-TACE p value
(n = 185) (n = 137)
n (%) Male/female
n (%)

Mean age (years) 49.91 £ 0.7240 48.88 £ 0.8695 0.368
Sex (male/female) 167 (90.3)/18 (9.7) 120 (87.6)/17 (12.4) 0.599
HbsAg (positive/negative) 163 (88.1)/22 (11.9) 121 (88.3)/16 (11.7) 0.865
Total bilirubin (mmol/l) (<18.8 vs >18.8) 130 (70.3) vs 55 (29.7) 98 (71.5) vs 39 (28.5) 0.805
Albumin (g/1) (>34 vs <34) 180 (97.3) vs 5 (2.7) 132 (96.4) vs 5(3.6) 0.628
ALT (U/) (<44 vs >44) 125(67.6) vs 60 (32.4) 77 (56.2) vs 60 (43.8) 0.037
Mean largest tumor diameter (cm) 6.993 + 0.2898 6.511 + 0.2682 0.251
Tumor number (single/multiple) 168 (90.8)/17 (9.2) 126 (92.0)/11 (8.0) 0.715
Cirrhosis (yes/no) 109 (58.9)/76 (41.1) 88 (64.2)/49 (35.8) 0.333
Child-Pugh classification (A/B) 182 (98.4)/3 (1.6) 135 (98.5)/2 (1.5) 1
BCLC (0 4+ A/B) 87 (47.0)/98 (53.0) 61 (44.5)/76 (55.5) 0.656
AFP (ng/ml) 0.223

<400 94 (50.8) 79 (57.7)

>400 91 (49.2) 58 (42.3)
Tumor capsule (complete/incomplete) 17 (9.2)/168 (90.8) 11 (8.0)/126 (92.0) 0.715
Micro satellites(yes/no) 146 (78.9)/39 (21.1) 107 (78.1)/30 (21.9) 0.860
Edmonson grade 0.267

1+2 10 13

3 172 121

4 3 3

RH RO hepatectomy, PA-TACE postoperative adjuvant transcatheter arterial chemoembolization, ALT alanine aminotransferase, AFP alpha-

fetoprotein

The drastic decline in RFS (Fig. 2A) within the first 3 to
4 months in both the RH group and the PA-TACE group
may be related to the following issues. First, HCC patients
with MiVI experience a very early recurrence pattern.”
Second, some patients presented with HCC recurrence
beyond the power of CT/MRI to detect at the first evalu-
ation. The RFS rate in our study was higher than those
reported in other studies.”'*** The differences in patient
selection are a likely explanation because the other studies
included high proportions of patients with macrovascular
invasion. Because early disease recurrence becomes fatal
for the vast majority of patients with HCC, RFS is pro-
posed to be used as a surrogate for OS. In our study, TACE
prevented early recurrence of disease and improved both
DFS and OS synchronously.

Microvascular invasion shows an aggressive tumor
behavior and is closely linked to large tumor burden.”
Patients with MiVI experience a high frequency of fatal
recurrence, and MiVI is associated with multiple intra-
hepatic tumors, macrovascular invasion, and extrahepatic
metastasis.'® The beneficial effects of PA-TACE are likely
related to the following factors. First, the unsatisfactory
therapeutic outcomes of RH for HCC patients with MiVI

are the result of residual cancer cells that micrometastase
via the bloodstream before or during liver resection.?®=®
The use of PA-TACE kills or decreases the number of
these cells to improve the prognosis. Second, patients with
MiVI have a tendency to form micro-metastases before
RH.'%?° Thus, 3-4 weeks after RH, when the patients have
recovered from the operation and the residual tumors are
still very small, TACE is an appropriate and effective
treatment.’ Third, most of the blood supply to the HCC is
derived from the hepatic artery. Recurrent tumors com-
monly occur in the liver remnant near the surgical resection
margin.’go’31 The use of PA-TACE increases the concen-
tration of local anticancer agents to these margins because
of increased blood supply to a healing wound, which may
be helpful for these patients.

Because MiVI can be assessed accurately only after
careful histologic assessment of the whole surgically
resected specimen,>” adjuvant treatment after RH becomes
important for these patients due to the difficulty in preop-
erative diagnosis of MiVI. Two additional points are
important in clinical practice. First, an accurate finding of
MiVI by histopathologic examination of the whole surgical
specimen is the key to diagnosis of MiVI. Second,
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TABLE 2 Operative outcomes
Variables RH PA-TACE p value
(n = 185) (n = 137)
n (%) n (%)

Mean operative time (min) 1145 + 31.4 126.5 £ 254 0.209
Mean operative blood loss (ml) 457.4 £+ 60.37 331.7 £ 4592 0.105
Perioperative blood transfusion (1, n %) 179 (96.8)/6 (3.2) 133 (97.1)/4 (2.9) 1
Type of surgery (minor/major) 68 (36.8)/117 (63.2) 50 (36.4)/87 (63.5) 0.962
Death (yes/no) 112 (60.5)/73 (39.5) 62 (45.3)/75 (54.7) 0.01
Surgical morbidities (n, n %)* 12 (6.5) 9 (6.6) 0.976
Grade 1 0 0
Grade 2

Infection 2 (1.1) 3(2.2)

Bleeding 1 (0.5) 1 (0.7)
Grade 3a

Bile leak 6 (3.2) 5(3.6)
Grade 3b

Bleeding 2 (1.1) 0
Grade 4

Liver failure 1(0.5) 0

RH RO hepatectomy, PA-TACE postoperative adjuvant transcatheter arterial chemoembolization

* Surgical morbidities were defined as adverse effects related to surgery classified as grade 4 or below according to the Clavien-Dindo
classification. No grade 5 morbidity effects related to surgery were observed

TABLE 3 Uni- and multivariate analyses of recurrence-free survival (RFS) and overall survival (OS)

Variables Univariate analysis Multivariate analysis
x> value (log-rank) p value HR (95 % CI) p value
RFS
Treatment (RH vs PA-TACE) 6.309 0.012 0.641 (0.478-0.861) 0.003
Maximum tumor diameter (cm) (>5 vs <5) 10.693 0.001 1.669 (1.241-2.244) 0.001
Cirrhosis (yes/no) 5.055 0.025 0.771 (0.576-1.031) 0.080
(0N
Treatment (RH vs PA-TACE) 7.537 0.006 0.602 (0.440-0.822) 0.001
Maximum tumor diameter (cm) (>5 vs <5) 15.140 <0.001 1.941 (1.422-2.650) <0.001

HR, hazard ratio; CI, confidence interval; RH, RO hepatectomy; PA-TACE, postoperative adjuvant transcatheter arterial chemoembolization

markers such as alpha-1-fucosidase and histone H4 can be
used to help in the detection of MiVL.*'®

This study had the following limitations. First, our data
came from a single study center and were acquired retro-
spectively. A prospective, multicenter, randomized clinical
trial should be conducted for further validation of the
impact PA-TACE has on these patients. Second, the results

of this study may not be used for patients with hepatitis
C- or alcohol-related HCC.?? Third, the ideal drug and
dosage of PA-TACE are not known. Kwok et al.>* also
failed to provide a recommendation on the best adjuvant
protocol for preventing tumor recurrence of HCC after
curative resection in a small cohort study. In conclusion,
PA-TACE may be beneficial for HCC patients with MiVI.
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