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Background: Microvascular invasion (MV]) is the most important risk factor associated with
early postoperative recurrence in patients with hepatocellular carcinoma (HCC). However, the
efficacy of postoperative adjuvant treatment for preventing recurrence in HCC patients with
MVTI has not been assessed. This study investigated the efficacy of postoperative adjuvant radio-
therapy (RT) and transcatheter arterial chemoembolization (TACE) in HCC patients with MVI.
Materials and methods: From July 2008 to December 2016, 117 hepatitis B virus (HBV)-
related HCC patients with MVI were retrospectively divided into two groups based on post-
operative adjuvant treatments. Propensity score matching (PSM) was performed to adjust for
significant differences in baseline characteristics. Relapse-free survival (RFS) and overall
survival (OS) of the two groups were analyzed before and after PSM.

Results: Of all patients, the RT group had significantly smaller tumor size and milder MVI clas-
sification. PSM analysis created 46 pairs of patients. After matching, the two groups of patients
were similar in baseline characteristics. Multivariate analysis indicated that tumor size, MVI
classification, and postoperative treatment strategies were independently associated with RFS;
tumor size and M VI classification were independently associated with OS. Similar multivariate
analysis results were demonstrated after matching propensity score. Survival analysis revealed
that the estimated median RFS and OS of patients with RT and TACE were 25.7448.12 vs
9.18%1.67 months (P=0.003) and 60.69+7.36 vs 36.53+5.34 months (P=0.262), respectively.
The RT group had significantly longer RFS than the TACE group.

Conclusion: Postoperative adjuvant RT offers better RFS for HCC patients with MVI than
TACE.

Keywords: hepatocellular carcinoma, microvascular invasion, radiotherapy, TACE, relapse-
free survival

Introduction

Hepatocellular carcinoma (HCC) accounts for 745,000 deaths worldwide and is the
second most common cause of cancer mortality.! Liver resection (LR) is the best
radical treatment and well perceived as a curative treatment for patients with HCC.2
However, the high cumulative 5-year postoperative recurrence rate of HCC in the
remnant liver, which reaches an incidence of >70%,’ results in an unsatisfactory
5-year survival rate of <50%.*

Microvascular invasion (MVI), also known as intravascular cancer thrombus, is
likely to develop in the branches of the portal vein.’ A recent study has shown that about
15%-57.1% of LRs include MV1.* MVI may promote metastasis in the liver paren-
chyma by giving rise to micrometastases, thereby initiating the process.” Its presence
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is definitely regarded as the most important risk factor that
is significantly associated with early postoperative recur-
rence within 2 years®’ and is repeatedly confirmed as a poor
prognostic factor of long-term survival after RO resection.®!
MVl increases the rate of tumor recurrence and dramatically
shortens long-term survival for patients with small HCC.%!%!!
As MVI can be confirmed only by postoperative histological
examination, effective postoperative treatment becomes an
essential requirement.

In the recent decades, numerous cohort investigations
and clinical randomized controlled trials, including several
approaches such as transcatheter arterial chemoemboliza-
tion (TACE), radiotherapy (RT), or sorafenib, have been
performed to prevent postoperative recurrence of HCC.
It is worth mentioning that a few studies take MVI into
consideration. A retrospective study showed that postopera-
tive adjuvant TACE is safe in preventing tumor recurrence
rate significantly (P=0.004) and can result in better survival
outcomes for early or intermediate-stage HCC patients with
MVL."2 TACE has also been shown to reduce early recurrence
rate for HCC patients with M VI in a single-center retrospec-
tive trial."> However, adjuvant RT following hepatectomy
could efficiently prevent early recurrence and delay the
progression of recurrent tumors, and thereby improve the
relapse-free survival (RFS) (P=0.011) and overall survival
(OS) (P=0.034) in HCC patients with MVI compared with
TACE in a single-center retrospective study.'* Addition-
ally, adjuvant RT was also found to be feasible and safe for
centrally located HCCs.'*! Thus, the mode of postoperative
adjuvant treatment beneficial for HCC patients with M VI is
still uncertain.

In order to address the issue, the present study aims to
evaluate the impacts of postoperative adjuvant treatment
(RT or TACE) on long-term survival outcomes after curative
resection for patients with MVI. To minimize potential bias
caused by patients’ backgrounds in a retrospective, nonran-
domized cohort study, a propensity score matching (PSM)
analysis was adopted to select subjects and to determine the
survival benefit between two groups. The prognostic factors
associated with survival were also investigated. This is the
first study to compare RT and TACE as the postoperative
adjuvant treatments for HCC patients with MVI on their
long-term survival after PSM.

Materials and methods

Selection of patients
A total of 1,563 patients with HCC received hepatic resec-
tion at the Cancer Hospital, Chinese Academy of Medical

Sciences, between July 2008 and December 2016. Among
them, 117 patients were considered eligible for the study
based on the following criteria: 1) primary HCC patients
treated with curative surgical LR; 2) surgical margin was
microscopically free of tumor; 3) MVI was proven by post-
operative pathology but macrovascular invasion was absent;
4) there was no tumor fracture and hemorrhage before and
during resection; 5) postoperative liver failure or severe
complications/adverse events did not happen within 1 month;
6) absence of previous or simultaneous malignant tumor/
diseases; 7) hepatitis B virus (HBV) infection was confirmed
by serological detection; 8) preoperative liver function was
Child—Pugh A degree; 9) RT or TACE was performed as
postoperative adjuvant treatment; and 10) patients had
continuous follow-up records until death or censored time.
Patients’ informed consent was not required because of the
retrospective nature of the study. The primary endpoint was
RFS; the secondary endpoint was OS. RFS is increasingly
being used as the reliable primary endpoint for cancer clini-
cal trials due to a shorter event time. OS has been found to
be extremely good in early stages of breast cancer but not
in the later stages. However, for such reasons, OS is not the
preferred practical endpoint. Therefore, RFS was chosen as
the primary endpoint and OS as the secondary endpoint from
the practical and clinical standpoint.'®

This study was approved by Ethics Committee (Institu-
tional Review Board) of Cancer Hospital, Chinese Academy
of Medical Sciences. As a retrospective noninterventional
study that does not interfere with diagnosis and treatment,
the results of the study will be published as statistically
analyzed data and do not contain any identifiable patient’s
information. Thus, patients’ data confidentiality was pro-
tected properly and the study was done in accordance with
the principles of the Declaration of Helsinki. The Ethics
Committee waived the informed consent of all the patients
in this study.

Pathologic review and clinical grouping

H&E stained microscopic sections from all the 117 patients
were retrospectively collected and reviewed by professional
pathologists from our center due to the lack of consensus in
definition, grading and risk features of MVIL.%! The patho-
logical diagnosis and classification of MVI were identified
according to the 2015 clinicopathological evidence-based
practice guidelines for standardized pathological diagnosis of
primary liver cancers in China.'” The classification of MV is
defined as follows: M1 (low risk): the number of MVI1is =5
and the distance of MVI is =1 cm from the tumor capsule;
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M2 (high risk): the number of MVI is >5 or the distance of
MVIis >1 c¢m from the tumor capsule.’

In all, 117 patients were divided into the following two
groups according to postoperative treatments: 1) TACE
group, which consisted of 71 patients treated with TACE
within 2 months after surgery and 2) RT group, which con-
sisted of 46 patients treated with three-dimensional conformal
or intensity-modulated RT within 2 months after surgery.
Nutritional therapy and anti-HBV therapy were performed
as basic treatments in both groups.

Procedures of TACE and RT

Nutritional therapy and postoperative anti-HBV therapy were
given to all the patients during a long time period as initial
therapy to improve liver function, block the process of liver
cirrhosis, and prevent recurrence." Arterial embolization
was administered with Seldinger’s technique as the standard
TACE procedure.'® Following identification of suspicious
residual tumor stain, infusion of a mixture of 20-30 mg of
doxorubicin (Adriamycin®) and 5-10 mL of lipiodol were
performed after catheterization of the arteries supplying the
area of tumor. Emulsion and 2- to 3-mm strips of Gelfoam
were delivered sufficiently to the suspicious residual tumor
area until complete flow stagnation was achieved. RT pro-
cedure included three-dimensional conformal or intensity-
modulated RT plans. The clinical treatment volume included
a tumor cutting bed expansion of 1 cm margin, and 0.51 cm
was added to it for the final planning treatment volume. The
target total dose of 54—60 Gy was delivered by 2 Gy/fraction
with five fractions per week.

TACE could not find any invisible microlesion such as
MVI. As MVI has been proved to be a high risk factor of
recurrence due to high possibility of metastasis, the main
purpose of TACE was not to identify any residual MVI
but to find possible intrahepatic metastasis lesion that was
not detected by preoperative imaging or intraoperative
exploration. Unfortunately, reviewed digital subtraction
angiography images of patients in the TACE group showed
that a few patients have definite lesion stain during the
TACE procedure. It means that the area of MVI cannot be
clearly stained through arteriography. As a result, for the
overwhelming majority of patients without definite residual
tumor stain during the procedure of arteriography, TACE has
been given to tumor bed area or suspicious area with under-
stain in prophylaxis. Consequently, patients with MVI have
more possibility of recurrence in the TACE group because
definite elimination of micrometastasis foci could not be
made by TACE.

Follow-up

All patients were followed-up quarterly in the first 2 years
and at 6-month intervals thereafter, following discharge from
the hospital. Alpha-fetoprotein (AFP), chest X-ray, enhanced
computed tomography, liver function, and/or enhanced MRI
were performed as the follow-up tests. The diagnosis of onco-
logic recurrence was depended on typical imaging findings
and/or continually increased serum AFP. Histopathology or
cytopathology evidence was assessed by biopsies but not
necessarily for the assessment of recurrences.

The primary outcome measures were RFS and OS. RFS
was defined as the time interval between the surgery date and
the date of the first detection of recurrence or censored on the
date of the last follow-up. OS was recorded as time period
from the surgery date to death or censored on the date of the
last follow-up. The last follow-up was in December 2017.

Further treatment for recurrence

The treatment strategy for recurrence of HCC was deter-
mined based on the comprehensive consideration of tumor
characteristics, liver function, and general condition by a
multidisciplinary team. Local or regional curative treatment
consisting of reoperation-hepatectomy, radiofrequency
ablation, and stereotactic body radiation therapy was
undertaken for nodular recurrence. Systemic palliative
treatment, such as TACE, molecular targeted therapy, and
chemotherapy, was performed as the alternative method for
diffuse recurrence.

Statistical and survival analyses
Continuous variable data that are normally distributed are
expressed as the mean * SD. Categorical variables data are
expressed as N (proportion). Continuous variables were
compared using independent samples #-test. Comparisons
between categorical variables were performed using Pear-
son’s chi-squared test or Fisher’s exact test where appropriate.
Univariate and multivariate Cox proportional hazards
regression analyses were performed on clinicopathological
parameters to identify the independent prognostic factors to
RFS and OS. For the multivariable regression model, only
the variables that showed statistically significant association
in univariate analysis were included as covariates in the
multivariable analysis. The Wald test was used to calculate
P-values. The Kaplan—Meier estimator was used to calcu-
late the median survival time and the rates of survival (RFS
and OS) and to describe the survival curve. A comparison
of survival analysis was performed, and the P-value was
calculated using the log-rank test.
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IBM SPSS 22.0 (IBM Corporation, Armonk, NY, USA)
software was used for the statistical analysis. P-values (two-
tailed) <0.05 were regarded as statistically significant.

PSM analysis
It was a retrospective study wherein the postoperative
treatment approach was based on the clinical condition of
the patients as assessed by the physician which could have
introduced potential selection bias. The potential confounders
causing the selection bias between the RT and TACE groups
include demographic variables, preoperative liver serologi-
cal parameters, surgery characteristics, and tumor variables.
Therefore, a PSM analysis was conducted to generate a
matched pair of patients in an attempt to reduce bias in patient
selection prior to comparing long-term survival between the
RT and the TACE propensity score-matched groups. Pos-
sible variables associated with the selection of postoperative
treatment and variables potentially affecting the survival
outcomes were comprehensively selected for propensity score
generation.” A logistic regression model with the selected
variables was employed to generate a continuous propensity
score from 0 to 1, using baseline characteristics tumor size,
MVI classification, preoperative AFP level, surgical margin
as covariates and age, gender, operative procedure, operative
method, tumor number, differentiation, envelope invasion,
and cirrhosis as additional covariates in the model. Subse-
quently, a one-to-one match without replacement between
the RT group and the TACE group was obtained by optimal
matching with a caliper width of 0.2 without replacement in
order to minimize the conditional bias.?

All statistical analyses were conducted with SPSS for Win-
dows version 22, Propensity Score Matching for SPSS version
3.03, and R software version 2.15.1 (IBM Corporation).

Results
Demographic and clinicopathological

characteristics of the study patients

Before PSM, a total of 117 patients (103 male patients and
14 female patients) with a mean age of 51.35+£10.68 (range:
27-79) years were included in the analysis (TACE group,
N=71; RT group, N=46). The baseline demographic and
the clinicopathological characteristics of the two groups of
patients are summarized and compared in Table 1. Most of
the characteristics of the two groups were similar and com-
parable. There were no significant differences between the
two groups in the following variables, including age, gender,
operative time, operative procedure, operative method, blood
loss, surgical margin, number of tumors, differentiation,

envelope invasion, cirrhosis, viral hepatitis, preoperative
serum AFP, alanine aminotransferase, total bilirubin, albu-
min, and prothrombin time. Patients in the TACE group had
significantly bigger tumor size (P=0.048) and higher rate of
M1 in MVI classification (P=0.005) than the RT groups.

After PSM, a total of 92 patients (80 male patients and
12 female patients) with a mean age of 51.25+£10.92 (range:
27-79) years were included in the analysis (TACE group,
N=46; RT group, N=46). The baseline demographic and
the clinicopathological characteristics of the two groups
of patients with MVI are summarized and compared in
Table 1. All the characteristics of the two groups were similar
and comparable.

Univariate and multivariable analyses for

independent prognostic factors

Before PSM, according to univariate analysis, tumor size,
MVI classification, envelope invasion, serum AFP level,
and postoperative treatment strategies were the factors
associated with worse RFS, whereas tumor size, MVI clas-
sification, envelope invasion, serum AFP level, and post
operative treatment strategies were identified as factors that
influenced OS. The multivariate Cox proportional hazard
regression analysis revealed that tumor size (HR=1.083, 95%
CIL: 1.013-1.158, P=0.019), MVI classification (HR=3.525,
95% CI: 2.161-5.749, P<<0.001), and postoperative treatment
strategies (HR=0.509, 95% CI: 0.309-0.840, P=0.008) were
the independent prognostic factors associated with RFS, and
tumor size (HR=1.169, 95% CI: 1.076-1.269, P<<0.001)
and MVI classification (HR=3.151, 95% CI: 1.629-6.097,
P=0.001) were the independent prognostic factors associated
with OS (Table 2).

After matching for propensity score, according to univari-
ate analysis, tumor size, M VI classification, envelope inva-
sion, and postoperative treatment strategies were the factors
associated with worse RFS, whereas tumor size, MVI clas-
sification, and envelope invasion were identified as factors
that influenced OS. The multivariate Cox proportional hazard
regression analysis revealed that tumor size (HR=1.104, 95%
CIL: 1.011-1.205, P=0.027), MVI classification (HR=4.533,
95% CI: 2.612-7.869, P<<0.001), and postoperative treatment
strategies (HR=0.447, 95% CI: 0.264-0.757, P=0.003) were
the independent prognostic factors associated with RFS and
tumor size (HR=1.175,95% CI: 1.048-1.317, P=0.006), MVI
classification (HR=5.083, 95% CI: 2.249-11.485, P<0.001),
and serum AFP level (HR=1.704, 95% CI: 1.015-2.861,
P=0.044) were the independent prognostic factors associated
with OS (Table 3).
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Table I Comparisons of Baseline demographics and clinicopathological characteristics in patients undergoing TACE or RT before and

after propensity score matching analysis

Characteristic RT (N=46) Before matching After matching
TACE (N=71) P-value TACE (N=46) P-value
Age (years) 50.98+10.53 51.59+10.84 0.763 51.52+11.40 0813
Sex 0.144 0.119
Male 43 (93%) 60 (85%) 37 (80%)
Female 3 (7%) Il (15%) 9 (20%)
Operative time 233.65+77.82 233.73483.00 0.996 233.26+87.45 0.982
Operative procedure 0.582 0.529
Major 19 (41%) 33 (46%) 22 (48%)
Minor 27 (5%) 38 (54%) 24 (52%)
Operative method 0.717 0.676
Anatomical 21 (46%) 30 (42%) 23 (50%)
Nonanatomical 25 (54%) 41 (58%) 23 (50%)
Blood loss (mL) 568.48+487.10 483.52+424.43 0.321 464.78+482.34 0.308
Surgical margin 0.082 0.116
=lcm 35 (76%) 43 (60%) 28 (61%)
> cm Il (24%) 28 (40%) 18 (39%)
Tumor size (cm) 5.39+2.74 6.57+3.65 0.048 5.50+3.07 0.851
Number of tumor 0.654 0.726
Single 42 (91%) 63 (61%) 41 (89%)
Multiple 4 (9%) 8 (39%) 5(11%)
Differentiation 0.582 0.529
Well-moderate 27 (59%) 38 (54%) 24 (52%)
Poorly 19 (41%) 33 (56%) 22 (58%)
MVI classification 0.005 0.492
M 34 (74%) 34 (48%) 31 (67%)
M2 12 (26%) 37 (52%) 15 (33%)
Envelope invasion 0.185 0.634
Present 32 (70%) 57 (80%) 34 (74%)
Absent 14 (30%) 14 (20%) 12 (26%)
Cirrhosis 0.477 0.536
Present 41 (89%) 60 (85%) 39 (85%)
Absent 5 (9%) Il (15%) 7 (15%)
HBV-Ag 0.899 0.599
Negative 8 (17%) 13 (18%) 10 (22%)
Positive 38 (83%) 58 (82%) 36 (78%)
Preoperative AFP level 0.071 0.436
Negative 18 (39%) 15 (21%) 15 (32%)
=400 ng/L 18 (39%) 30 (42%) 24 (53%)
>400 ng/L 10 (22%) 26 (37%) 7 (15%)
Preoperative ALT level (U/L) 35.33£17.52 32.48+16.87 0.382 31.21£16.30 0.247
Preoperative TBIL level (umol/L) 12.05+4.79 12.41+4.72 0.690 11.84+4.37 0.826
Preoperative ALB level (g/L) 42.54+4.06 43.11+5.24 0.519 43.35+4.67 0.379
Preoperative PTa level (%) 82.67+10.74 85.36%10.12 0.172 86.28+10.21 0.102

Note: Variables are expressed as the mean + SD (median with range) or N (%) (number with percentages), unless otherwise indicated.
Abbreviations: TACE, transcatheter arterial chemoembolization; RT, radiotherapy; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; TBIL, total bilirubin;

ALB, albumin; PTa, prothrombin time.

Survival analysis of the study patients

Before PSM, the cumulative 1-, 2-, and 3-year RFS rates
of all 117 patients were 47.0%, 34.5%, and 27.8%, respec-
tively, and the cumulative 1-, 2-, and 3-year OS rates of all
117 patients were 86.2%, 69.1%, and 58.5%, respectively.
The median RFS times of the TACE group vs the RT group
were 6.66+1.24 and 25.74£8.12 months, respectively.

The 1-, 2-, and 3-year RFS rates were 31.0%, 20.1%, and
17.3% for patients in the TACE group, and 71.7%, 56.2%,
and 44.0% for patients in the RT group, respectively. The
RT group showed a significantly longer RFS than the
TACE group (P<<0.001). All of the above data are shown in
Figure 1A. Median OS times of the TACE group vs the RT
group were 34.4615.28 vs 60.6917.36 months, respectively.
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Table 2 Univariate and multivariate survival analysis of RFS and OS in HCC patients with MVI undergoing RT or TACE before

propensity score matching analysis

Variable Cox
Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

RFS

Age (years) 0.984 (0.965-1.004) 0.123

Gender 1.145 (0.551-2.377) 0.717

Operative procedure 0.981 (0.631-1.523) 0.931

Operative method 1.063 (0.685—1.650) 0.784

Surgical margin 0.972 (0.608—1.554) 0.907

Tumor size 1.146 (1.037-1.224) 0.000 1.083 (1.013-1.158) 0.019

Number of tumors 0.961 (0.480-1.924) 0910

Differentiation 1.085 (0.697-1.691) 0.717

MVI classification 4.388 (2.758-6.982) <0.001 3.525 (2.161-5.749) <0.001

Envelope invasion 2.091 (1.172-3.730) 0.013

Cirrhosis 1.012 (0.520-1.968) 0.972

AFP level 1.569 (1.166-2.111) 0.003

Postoperative treatment strategies 0.385 (0.238-0.623) <0.001 0.509 (0.309-0.840) 0.008
oS

Age (years) 0.980 (0.955-1.006) 0.130

Gender 0.844 (0.357-1.995) 0.699

Operative procedure 1.238 (0.694-2.209) 0.470

Operative method 1.010 (0.565—1.808) 0.972

Surgical margin 0.970 (0.516-1.827) 0.926

Tumor size 1.228 (1.132-1.331) <0.001 1.169 (1.076—1.269) <0.001

Number of tumors 0.651 (0.202-2.098) 0.472

Differentiation 0.801 (0.439-1.460) 0.468

MVI classification 4.238 (2.264-7.935) 0.000 3.151 (1.629-6.097) 0.001

Envelope invasion 3.014 (1.190-7.634) 0.020

Cirrhosis 0.904 (0.354-2.306) 0.833

AFP level 1.576 (1.069-2.323) 0.022

Postoperative treatment strategies 0.522 (0.281-0.969) 0.040

Abbreviations: RFS, relapse-free survival; OS, overall survival; HCC, hepatocellular carcinoma; MVI, microvascular invasion; RT, radiotherapy; TACE, transcatheter arterial

chemoembolization; AFP, alpha-fetoprotein.

The 1-, 2-, and 3-year OS rates were 81.4%, 61.3%, and
48.4% for patients in the TACE group, and 93.4%, 80.6%,
and 70.7% for patients in the RT group, respectively. The RT
group showed a significantly longer OS than the TACE group
(P=0.037). All of the above data are shown in Figure 1B.
After matching propensity score, the cumulative 1-, 2-, and
3-year RFS rates of all 92 patients were 55.4%, 40.8%, and
32.5%, respectively; the cumulative 1-, 2-, and 3-year OS rates
of all 92 patients were 90.1%, 74.3%, and 63.6%, respectively.
RFS rate, median RFS times, and OS of the RT group were
the same as that of before PSM. The median RFS time of the
matched TACE group was 9.18%1.67 months. The 1-, 2-, and
3-year RFS rates were 39.1%, 25.0%, and 20.8% for patients
in the matched TACE group. The RT group still showed a
significantly longer RFS than the TACE group (P=0.003) as
before. All of the above data are shown in Figure 2A. Median
OS time of the TACE was 36.5345.34 months. The 1-, 2-, and
3-year OS rates were 86.9%, 68.1%, and 54.5% for patients

in the matched TACE group. There was no significant dif-
ference between the matched TACE group and the RT group
(P=0.262). All of the above data are shown in Figure 2B.

Recurrence pattern in the TACE and RT
groups

Recurrence was observed in 81 of 117 patients. Before
matching propensity score, the incidence of nodular recur-
rence and the incidence of diffuse recurrence were 16 and 9,
respectively, in the RT group and 18 and 38, respectively, in
the TACE group. The TACE group had more significantly
(P=0.007) diffuse recurrence; the incidence of intrahepatic
recurrence and incidence of extrahepatic recurrence were
19 and 6, respectively, in the RT group and 48 and 8,
respectively, in the TACE group. There was no significant
difference between the two groups (P=0.285). The incidence
of marginal recurrence and the incidence of nonmarginal
recurrence were 4 and 21, respectively, in the RT group and
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Table 3 Univariate and multivariate survival analyses of RFS and OS in HCC patients with MVI undergoing RT or TACE after

propensity score matching analysis

Variable Cox
Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value

RFS

Age (years) 0.982 (0.960-1.005) 0.121

Gender 1.238 (0.532-2.882) 0.621

Operative procedure 0.823 (0.489-1.385) 0.464

Operative method 1.155 (0.691-1.930) 0.583

Surgical margin 1.179 (0.680-2.044) 0.558

Tumor size 1.127 (1.030-1.233) 0.009 1.104 (1.011-1.205) 0.027

Number of tumors 0.883 (0.379-2.056) 0.772

Differentiation 0.980 (0.582-1.651) 0.940

MVI classification 4.500 (2.620-7.729) <0.001 4.533 (2.612-7.869) <0.001

Envelope invasion 2.072 (1.096-3.916) 0.025

Cirrhosis 1.239 (0.531-2.894) 0.620

AFP level 1.258 (0.880-1.798) 0.208

Postoperative treatment strategies 0.461 (0.273-0.779) 0.004 0.447 (0.264-0.757) 0.003
oS

Age (years) 0.978 (0.950-1.008) 0.144

Gender 1.015 (0.355-2.898) 0.978

Operative procedure 1.137 (0.574-2.252) 0.713

Operative method 1.276 (0.637-1.276) 0.492

Surgical margin 0.792 (0.356—-1.763) 0.568

Tumor size 1.223 (1.094-1.367) 0.000 1.175 (1.048-1.317) 0.006

Number of tumors 0.261 (0.036—1.909) 0.186

Differentiation 0.749 (0.368-1.524) 0.425

MVI classification 5.127 (2.458-10.69) <0.001 5.083 (2.249-11.485) <0.001

Envelope invasion 3.119 (1.096-8.878) 0.033

Cirrhosis 1.061 (0.321-3.510) 0.923

AFP level 1.447 (0.898-2.333) 0.127 1.704 (1.015-2.861) 0.044

Postoperative treatment strategies 0.672 (0.334—1.351) 0.264

Abbreviations: RFS, relapse-free survival; OS, overall survival; HCC, hepatocellular carcinoma; MVI, microvascular invasion; RT, radiotherapy; TACE, transcatheter arterial

chemoembolization; AFP, alpha-fetoprotein.

9 and 47, respectively, in the TACE group. There was no sig-
nificant difference between the two groups (P=1.000). After
matching propensity score, the incidence of nodular recur-
rence and diffuse recurrence were 15 and 19, respectively,
and the incidence of intrahepatic recurrence and extrahepatic
recurrence were 30 and 4, respectively, and the incidence
of marginal recurrence and nonmarginal recurrence were
7 and 27, respectively. There was no significant difference
in the recurrent pattern between the two groups. The details
of pattern of recurrent tumor were shown in Table 4.

The initial treatments used for recurrent HCC between the
two groups were found to be significant and nonsignificant
for before and after PSM, respectively, as shown in Table 4
(before matching, P=0.017; after matching, P=0.253).

Discussion
To the authors’ knowledge, this study is the first to investigate
the efficacy of postoperative adjuvant RT and TACE in HCC

patients with MVI after a PSM analysis in order to minimize
potential bias caused by patients’ backgrounds. In the cur-
rent study, multivariate analysis indicated that tumor size,
MVI classification, and postoperative treatment strategies
were independently associated with RFS and tumor size and
MVI classification were independently associated with OS.
Survival analysis revealed that the estimated median RFS
and OS of patients who underwent RT and TACE were
25.7418.12 vs 9.1811.67 months (P=0.003) and 60.69+7.36 vs
36.53+5.34 months (P=0.262), respectively. The RT
group had significantly longer RFS than the TACE group.
MVT has been reported to be the most significant
independent risk factor affecting RFS and OS following
curative resection,?2* the OR reach the level as high as
28.40.% In the patients with or without MVI, the 1-year
RFS is 12% vs 69%.2° In HCC, MVI is regarded as the
anatomic prerequisite for tumor spread in circulation.!'?’
The feature of MVI encompasses a wide spectrum, such as
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Figure | Before PSM: (A) RFS rates of the RT and TACE groups (B) OS rates of the RT and TACE groups.
Abbreviations: RT, radiotherapy; TACE, transcatheter arterial chemoembolization; PSM, propensity score matching; RFS, relapse-free survival; OS, overall survival.

distance from the invaded vessel to tumor edge, the number
of invaded microscopic vessels, intravascular floating tumor
clusters, and small vascular intratumoral spaces. Each fea-
ture had different prognostic significance. Recently, based
on the invasion of vessels =1 c¢m from the tumor capsule’
and the number of invaded vessels =5, a classification

>
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system has been proposed to classify MVI patients into
three categories that were individually associated with an
inverse correlation with time to recurrence and survival.'”
In our study, whether before or after PSM, univariate
and multivariate analyses showed that MVI classifica-
tion was the independent factor either for RFS or for OS.

RT vs TACE: P=0.262

o
N
1

Overall survival rate (%)
o
o
1

0.0 1

T T T T ¢ T T
0.00 20.00 40.00 60.00 80.00 100.00 120.00
Time after surgery (months)

| —— RT group

—-—— TACE group

Figure 2 After PSM: (A) RFS rates of the RT and TACE groups (B) OS rates of the RT and TACE groups.
Abbreviations: RT, radiotherapy; TACE, transcatheter arterial chemoembolization; PSM, propensity score matching; RFS, relapse-free survival; OS, overall survival.
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Table 4 Pattern of recurrence and treatment in the RT and TACE groups

Recurrence pattern RT (N=25) Before matching After matching
TACE (N=56) P-value TACE (N=34) P-value
Growth pattern
Nodular 16 (64%) 18 (32%) 0.007 15 (44%) 0.131
Diffuse 9 (36%) 38 (68%) 0.285 19 (56%) 0.297
Location
Intrahepatic 19 (76%) 48 (86%) 30 (88%)
Extrahepatic 6 (24%) 8 (14%) 4 (12%)
Resection
Margin 4 (16%) 9 (16%) 1.000 7 (21%) 0.745
Nonmargin 21 (84%) 47 (84%) 27 (79%)
Treatment for the first recurrence
Resection/ablation 10 (40%) 7 (13%) 0.017 7 (21%) 0.253
TACE Il (44%) 39 (70%) 21 (62%)
Chemotherapy/sorafenib 4 (16%) 10 (17%) 6 (17%)

Abbreviations: RT, radiotherapy; TACE, transcatheter arterial chemoembolization.

These results suggested that classification systems could
distinguish risk features accurately.

Since MVI disseminate mainly via portal venous branches
and spread along as well as against the direction of the portal
venous flow, an anatomic LR according to intrahepatic distri-
bution of portal vein theoretically gives a higher potential for
cure. Conversely, a few studies had found that the incidence
of MVI was closely related to the distance from the tumor
capsule,” a wider resection margin is preferable to eradicate
microscopic lesions**3! and theoretically gives a higher
potential for reducing recurrence. Some other studies even
suggested to ensure a safe resection margin (>2 or >1 cm) for
both anatomic and nonanatomic hepatectomy.*?* However,
in this study, irrespective of PSM status, univariate and
multivariate analyses showed that anatomical resection and
the width of surgical margin had no influence on survival.
The likely explanation is that the majority of patients in the
cohort had HBV-related cirrhosis and centrally located HCC
lesions preserving as much non-tumorous liver parenchyma
as possible. A very important consideration for patients with
cirrhosis is to prevent postoperative liver failure. In these
patients, anatomical resection cannot be performed thor-
oughly as centrally located HCC lesions with adjoining main
vasculatures make the wide margin hepatectomy impossible.
Thus, nonanatomic resection with narrow margin may be a
better option®>*¢ and the addition of effectual postoperative
treatment was essentially and clinically required to reduce
recurrence and improve OS. Postoperative adjuvant treat-
ments can be designed to eliminate exfoliated tumor cells,
preexisting microscopic tumor foci, and micrometastases.'*

Many postoperative procedures have been investigated
as strategies to reduce recurrence, including TACE, RT, and

molecular targeted therapy. However, the outcomes of these
interventions are variable and controversial.***? RT had seldom
been used in HCC because of the low tolerance dose of liver.
The advance external RT technology, such as three-dimensional
conformal or intensity-modulated RT, can deliver tumoricidal
radiation doses to the specified liver area,* while limiting radia-
tion adverse effect.* Recent clinical studies showed that post
operative conformal RT provided promising survival outcomes
in HCC patients who underwent hepatectomy.'>* The effects
of postoperative TACE and range of applications are still
topics to debate.* A retrospective study with 2,436 patients
with HCC, which had the maximum cases to date, showed that
postoperative adjuvant TACE was not effective on postponing
recurrence.”’” A meta-analyses including 10 RCTs found that
postoperative TACE did not improve RFS and OS for cura-
tive resection of HCC, except when tumor size was >5 cm.*
A most recent meta-analyses including 3,191 patients found
that postoperative adjuvant TACE could achieve higher
OS and RFS than surgical resection alone,* but the conclu-
sion is flawed as 8 RCTs and 12 retrospective studies were
included in analysis. In our analysis, RFS in patients who
underwent postoperative adjuvant TACE was significantly
shorter than in the patients who underwent RT, both before
and after PSM. These results suggested that postoperative
adjuvant RT could be more effective than TACE in elimi-
nating residual micrometastasis foci in the remnant liver.
The possible explanations for adjuvant RT rather than
TACE in improving postoperative long-term survival out-
comes of HCC with MVI are complicated. MVI cannot be
stained clearly during the TACE procedure as supplying
vessels are lacking; thus, it would be difficult to identify
definite target area. Extended TACE to all liver subsegments
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relative to tumor bed is an alternative solution, but it might
severely damage liver function, and the adverse effects of
TACE would not be acceptable for a postoperative patient
with cirrhosis. The conformal or intensity-modulated RT
involving concentrated irradiation precisely to tumor bed
area prevents normal liver tissues from irradiation at the same
time. Adjusting clinical treatment volume based on MVI
classification and other clinical pathology factors of patients
individually can therefore limit the adverse effect when
tumor bed with residual micrometastasis foci receives suf-
ficient radiation. In this study, the recurrence pattern, which
showed that the TACE group had more diffuse recurrence
and the RT group had similar nonmarginal recurrence, also
implies postoperative adjuvant RT could eliminate residual
micrometastasis foci in the remnant liver.

As a limitation, in our retrospective study, the postop-
erative treatment selection was not randomized, which may
introduce bias between the groups, although the patients’
baseline was similar among the two groups through PSM.
PSM is not the best substitute for randomization as a small
overlap in propensity scores makes the two groups incompa-
rable requiring further statistical adjustments for evaluation.
However, PSM is being used increasingly in perioperative
research with a large number of confounders and a low number
of events ensuring balanced treatment groups.>**' The second
limitation was the relatively small sample size, which limited
further stratification analysis. However, the data of our study
do provide rationale for developing a prospective study. Thus,
our results should be validated in a large sample size, random-
ized, controlled trial in order to make a definitive conclusion.
Finally, in our study, patients who underwent RT had sig-
nificantly longer OS than the patients who underwent TACE
before matching, but the difference was not significant after
matching. This result could be due to insufficient follow-up
time and limited cases. However, more factors are associated
with long-term survival of HCC patients rather than just MVI.

Conclusion

Our study revealed that RT following hepatectomy could
result in better survival outcomes for HCC patients with
MVI than postoperative TACE based on RFS rates. This
treatment strategy might especially be effective for patients
with nonanatomy or narrow surgical margin.
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