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ﬁBSTRACT

Background. Patients with hepatocellular carcinoma (HCC)
and microvascular invasion (mVI) have shown dismal post-
operative prognosis; however, whether adjuvant transarter-
ial chemoembolization (TACE) can improve their outcomes
remains unclear.

Materials and Methods. We retrospectively identified
549 eligible patients to form the crude cohort and adopted
propensity score matching method to assemble another
cohort of 444 patients with similar baseline characteristics.
We assessed the effects of adjuvant TACE by stratified ana-
lyses and multivariate Cox analyses in two cohorts.

Results. There was significant interaction between tumor
size and adjuvant TACE with respect to overall survival (OS;
p = .006 for interaction). In the matched cohort, patients
who received adjuvant TACE showed higher rates of 5-year

OS (72.4% vs. 50.9%, p = .005) and 5-year recurrence-free
survival (50.5% vs. 36.4%, p = .003) in the tumor <5 cm
subgroup, but not in the tumor >5 cm subgroup (32.3%
vs. 24.9%, p = .350 and 18.8% vs. 19.7%, p = .180). The
independent protective role of adjuvant TACE on OS was
observed in patients with tumor <5 cm (adjusted odds ratio
[OR] = 0.59, 95% confidence interval [Cl] 0.36-0.97) but
not in patients with tumor >5 cm (adjusted OR = 1.17, 95%
Cl 0.84-1.62). The effects of adjuvant TACE did not change
materially while the analysis was performed in the crude
cohort.

Conclusion. For patients with HCC and mVI, adjuvant TACE
was associated with improved outcomes, but not for those
with tumor >5 c¢cm, according to the current protocol. The
Oncologist 2019;24:513-520

Implications for Practice: The outcomes of patients with hepatocellular carcinoma and microvascular invasion who
received adjuvant transarterial chemoembolization were inconsistent in this study. According to the current protocol, adju-
vant transarterial chemoembolization was associated with improved prognosis in patients with microvascular invasion,
except for those with tumor >5 cm. Multivariate Cox models confirmed adjuvant transarterial chemoembolization was an

independent protective factor in the tumor <5 cm subgroup but not in the tumor >5 cm subgroup.

INTRODUCTION

Vascular invasion (VI), which can occur as either macrovascu-
lar or microvascular invasion (mVl), is an aggressive form of
hepatocellular carcinoma (HCC) and is currently one of the
most important predictive factors for postoperative prognosis
[1, 2]. Macro VI can be detected preoperatively using imaging
techniques and is already used in the American Joint Commit-
tee on Cancer and Barcelona Clinic Liver Cancer staging

systems to determine treatment strategies for HCC [3, 4].
Recently, an increasing amount of studies have suggested that
the presence of mVI also predicts a worse prognosis after radi-
cal resection [2, 5, 6]. Because mVI can only be determined
by histological examination after liver resection, prevention of
recurrence by adjuvant treatment may be an important option
to improve the prognosis of patients with this characteristic.
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Previously, some studies have indicated that postopera-
tive adjuvant TACE is a promising method that can signifi-
cantly improve the prognosis of patients with HCC [7-9],
but others have reported mixed results [10, 11]. As the
understanding of HCC classification gradually improved,
some researchers suggested that postoperative adjuvant
TACE provides benefits only for certain high-risk subgroups
of patients, such as those with macro VI [12-15]. This fur-
ther greatly aroused our interest to study the role of adju-
vant TACE for patients with mVI.

In the present study, we retrospectively analyzed the
outcomes of a large cohort of HCC patients with mVI who
were or were not treated with adjuvant TACE after radical
resection. We aimed to provide an accurate estimation of
postoperative adjuvant TACE, which may help oncologists
choose an appropriate adjuvant treatment for these
patients based on risk—benefit assessments.

MATERIALS AND METHODS

Study Population

This retrospective study evaluated patient data from our
electronic medical records; patient identities were anon-
ymized prior to analysis. Adult patients who underwent
liver resection for primary HCC from January 2007 to
December 2012 at Zhongshan Hospital were identified.
Patients who also met the following criteria were enrolled:
(a) received radical resection (the radical resection criterion
was the same as previously described [16]); (b) no extrahe-
patic metastasis; (c) macro VI was not present, and mVI
was diagnosed by postoperative pathological examinations;
(d) liver function returned to Child-Pugh class A/B, with a
serum bilirubin level < 1.5 times the upper normal limit,
alanine aminotransferase and aspartate aminotransferase
levels <2 times the upper normal limit; (e) no serious major
organ dysfunction; (f) tumor did not relapse within
1 month after surgery; and (g) patients only received oper-
ation or operation plus adjuvant TACE before tumor recur-
rence. Finally, a total of 549 patients were enrolled as the
crude cohort in the present study. The flow chart of the
entire process is shown in supplemental online Figure 1.

Ethics Approval and Consent to Participate

The study protocol was approved by the Zhongshan Hospital
Research Ethics Committee. Written informed consent was
obtained from every HCC patient before each treatment.
The entire study complied with the ethical guidelines of the
1975 Declaration of Helsinki (as revised in Brazil in 2013).

Histopathological Evaluation

mVI was defined as microscopic tumor invasion that was
identified in the portal and hepatic veins of the surround-
ing liver tissue and was contiguous with the tumor edge.
The histological grade was assessed according to the
Edmondson-Steiner grading system based on the highest
grade in a specimen [17]. The results for the above vari-
ables were determined using histopathological reports that
had been stored in a prospectively maintained computer-
ized clinical database.
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Adjuvant TACE

All patients received liver function test, serum alpha-
fetoprotein (AFP) test, and enhanced magnetic resonance
imaging or computed tomography scans of the abdomen at
1 month after the operation. For patients who had not
been diagnosed with tumor recurrence, adjuvant TACE was
recommended by the attending physician after adequately
informing them of the potential benefits and risks of
this treatment. Finally, a total of 303 patients underwent
adjuvant TACE, compared with the remaining 246 patients
who did not undergo this regimen.

Adjuvant TACE was conducted using the Seldinger
method for the remnant liver. Chemotherapeutic agents,
including doxorubicin hydrochloride (10 mg) or pharmoru-
bicin (20-30 mg/m?), were slowly infused through the right
and left hepatic arteries, followed by an emulsion of lipio-
dol (5-10 mL).

In the current study, we reported side effects of adju-
vant TACE, according to the Clavien-Dindo standardized
classification system, which was recommended in its cur-
rent form for use in retrospective studies [18].

Follow-Up and Endpoint

All patients were periodically followed up to prospectively
monitor the recurrence of HCC. Generally, testing for
serum AFP and ultrasonography were performed every
3 months thereafter. Additionally, dynamic contrast-
enhanced magnetic resonance imaging scans of the abdo-
men were performed 1 month after the operation and
every 6-12 months thereafter. Whenever recurrence was
confirmed, further treatment was immediately adminis-
tered as described in detail earlier [19, 20].

The primary outcome of interest was overall survival
(0S), which was defined as time from the operation to
death or last follow-up. Secondary outcome was recurrence-
free survival (RFS), defined as time from the operation to
tumor recurrence diagnosis or last follow-up. Follow-up data
for all patients were summarized at the end of December
2014, resulting in a median observation time of 29 months.

Variables Studied

Potential variables related to the prognosis of HCC patients
were selected based on previous studies [19, 21]. Tumor size,
number, and capsular were confirmed based on a
histopathological examination. Tumor size (<5 cm; >5 cm) was
further categorized based on cutoff values similar to those
used in the Milan criteria or tumor-node-metastasis classi-
fication of malignant tumours [4, 22]. The extent of
resection (minor, <3 segments; major, >3 segments) was
based on Couinaud’s nomenclature [23]. The data of ana-
tomic resection and blood transfusion were obtained from
surgical records and anesthesia records, respectively. Age was
categorized by the median value. Other continuous variables,
including hepatitis B virus (HBV) DNA, total bilirubin, gamma-
glutamyl transferase (GGT), and AFP levels, were categorized
using cutoff values provided by clinical references. For
patients with HBV DNA >5 x 10% 1U/mL, antiviral therapy was
performed immediately, and the indicator was re-evaluated
1 month later to maintain the viral replication at a low level.
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No. of p for

Subgroup Patients Hazard ratio (95% CI) interaction

Overall 549 - 0.81 (0.64-1.02)

Age, years .698
<50 233 - — 0.77 (0.53-1.11)
>50 316 = 0.84 (0.62-1.14)

Sex 873
Male 471 HH 0.80 (0.62-1.03)

Female 78 — 0.83 (0.44-1.54)

HbsAg 394
Positive 460 = 0.84 (0.65-1.09)
Negative 89 - 0.65 (0.37-1.17)

Child Pugh .988
Grade A 509 B 0.82 (0.64-1.04)

Grade B 40 —8— 0.85(0.32-2.30)

AFP, ng/mL .668
<20 173 i 0.73 (0.47-1.14)
>20 376 2 3 0.83 (0.63—1.09)

Tumor size, cm .006 *
<5 286 - 0.60 (0.41-0.88)
>5 263 H— 1.19 (0.88-1.59)

Tumor number 73
Solidary 462 H 0.80 (0.62-1.03)
Multiple 87 —— 0.86 (0.48—1.55)

Tumor capsule 425
Present 297 = 0.83 (0.61-1.12)

Absent 252 = o 0.77 (0.54-1.10)

Extension of resection .869
Minor 494 H 0.82 (0.64-1.05)

Major 55 T 0.77 (0.40-1.46)

ES grading .829
I-1I 335 - 0.79 (0.58-1.07)

I-1v 214 e 0.85(0.59-1.21)
0.0 1.0 2.0

Figure 1. Adjuvant transarterial chemoembolization (TACE) on overall survival in prespecified or exploratory subgroups. Odds ratio
(OR) of adjuvant TACE on overall survival was significantly different in different tumor size subgroups (OR = 0.60 in tumor size
<5 cm subgroup and OR = 1.19 in tumor size >5 cm subgroup, p = .006 for interaction). In addition, adjuvant TACE showed consis-
tent protective effect on overall survival in all of the remaining subgroups (all p > .05 for interaction).

Abbreviations: AFP, alpha-fetoprotein; Cl, confidence interval; ES, Edmonson-Steiner; HbsAg, hepatitis B surface antigen.

Statistical Analysis
We used propensity score matching (PSM) to identify a
cohort of patients with similar baseline characteristics. The
propensity score was estimated by a nonparsimonious multi-
variable logistic-regression model with adjuvant TACE as the
dependent variable and all the baseline characteristics listed
in Table 1 as covariates. Patients were matched by a 1:1 ratio
using the nearest neighbor method with a caliber of 0.05.
Comparisons between two groups were performed with
the use of chi-square test or Student’s t test. Then, univari-
ate analyses were performed with the cause-specific Cox
proportional hazards models. We calculated odds ratio
(OR) for risk of OS by stratified analysis, and the p value
for an interaction was calculated based on a log likelihood
ratio test that compared two nested models. Cumulative
OS and RFS curves were assessed by Kaplan-Meier method,
and differences between groups were compared by log-
rank test. Finally, we characterized independent association
between adjuvant TACE and OS by multivariate Cox propor-
tional hazards models, progressively adjusting for con-
founding factors.

www.TheOncologist.com

The results were expressed as OR and 95% confidence
intervals (Cl). A two-sided significance level of 0.05 was
used to evaluate statistical significance. Statistical analyses
were performed using the R software (http://www.
R-project.org, version 3.4.3, R Development Team, Vienna,
Austria).

RESULTS

Table 1 shows the clinical characteristics of the study popu-
lation grouped by adjuvant TACE. In the crude cohort,
303 (55.2%) patients received postoperative adjuvant TACE,
and the remaining 246 (44.8%) patients did not receive
adjuvant TACE. Patients in TACE group had higher rates of
Child-Pugh grade A, GGT <54 u/L, total bilirubin
<20.4 pmol/L, and solidary tumor than those in control
group (all p < .05). With the use of PSM, 222 patients who
received postoperative adjuvant TACE were matched with
222 patients who received only operation. After matching,
all the covariates were well balanced between the two
groups (all p > .05).

© AlphaMed Press 2018
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Table 1. Baseline characteristics of the study patients according to treatment groups

Crude cohort PSM cohort
TACE Control TACE Control
Characteristic (n =303) (n = 246) p value (n=222) (n=222) p value
Age, years 52 (12) 52 (11) 633 52 (11) 52 (10) 768
Age, years, <50/>50 173/130 143/103 .807 129/93 130/92 .923
Sex, female/male 47/256 31/215 331 29/193 29/193 1.000
HbsAg, positive/negative 252/51 208/38 .662 188/34 189/33 .895
HBV DNA, IU/mL, <10%/>10° 241/62 196/50 .968 169/53 178/44 .301
Child Pugh grade, A/B 292/11 217/29 <.001 211/11 210/12 .830
Total bilirubin, pmol/L, <20.4/>20.4 274/29 207/39 .026 194/28 192/30 778
GGT, u/L, <54/>54 242/61 175/71 .017 170/52 161/61 327
AFP, ng/mL, <20/>20 93/210 80/166 .647 73/149 75/147 .840
Anatomic resection (yes/no) 201/102 158/88 .605 145/77 142/80 .766
Transfusion (yes/no) 272/31 227/19 .310 199/23 204/18 412
Tumor size, cm 5.2 (4.4) 5.6 (4.7) 342 5.3 (4.2) 5.5 (4.6) 473
Tumor size, cm, <5/>5 166/137 120/126 .161 111/111 101/121 .342
Tumor number, solidary/multiple 267/36 195/51 .005 189/33 182/40 .370
Tumor capsule, present/absent 137/166 115/131 .720 99/123 105/117 .568
Extension of resection, minor/major 273/30 221/25 .919 201/21 199/23 751
ES grading, I-II/1lI-IV 189/114 146/100 470 147/75 131/91 117

Continuous variable are presented as mean (standard deviation), categorical variables as n (%).

Bolded p values indicate significant difference.

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; ES, Edmondson-Steiner; GGT, gamma-glutamyl transferase; HbsAg, hepatitis
B surface antigen; HBV, hepatitis B virus; PSM, propensity score matching; TACE, transarterial chemoembolization.

In the overall study population, a total of 291 partici-
pants died at the end of follow-up. Univariate analysis
(supplemental online Table 1) showed that the association
between adjuvant TACE and OS was close to the level of
significance (OR = 0.81, 95% Cl 0.64-1.02, p = .069). Strati-
fied analyses according to patient characteristics are shown
in Figure 1. Effects were similar across most subgroups;
however, the benefit of adjuvant TACE among patients with
tumor <5 cm appeared to be more significantly pro-
nounced than that among patients with tumor >5 cm
(OR = 0.60 vs. 1.19, p = .006 for interaction). Therefore,
the association between adjuvant TACE and OS was
explored independently in different tumor size subgroups.

During unadjusted analysis in the PSM cohort, patients
who received adjuvant TACE had significantly higher OS
than patients who did not receive TACE in the tumor
<5 cm subgroup (5-year OS, 72.4% vs. 50.9%, p = .005;
Fig. 2A); however, no significant difference was found in
the tumor >5 c¢cm subgroup (5-year OS, 32.3% vs. 24.9%,
p = .360; Fig. 2B). RFS was also significantly higher among
patients who received adjuvant TACE in the tumor <5 cm
subgroup (5-year RFS, 50.5% vs. 36.4%, respectively,
p = .003; Fig. 3A) but did not differ significantly between
the two groups in the tumor >5 cm subgroup (5-year RFS,
18.8% vs. 19.7%, p = .180; Fig. 3B). In the crude cohort,
both OS and RFS of patients receiving adjuvant TACE were
significantly higher in the tumor <5 cm subgroup. However,
no significant treatment effect of adjuvant TACE on OS or
RFS was found in the tumor <5 cm subgroup (supplemental
online Figs. 2, 3).

© AlphaMed Press 2018

After adjusting potential confounding factors found dur-
ing univariate analysis, in the PSM cohort, the OR of adju-
vant TACE for OS was 0.58 (95% Cl 0.36-0.95) in individuals
with tumor <5 cm and 1.19 (95% ClI 0.86-1.64) in those with
tumor >5 cm (model |, p = .006 for interaction; Table 2).
Even when progressively adjusted for more confounding fac-
tors, the OR of adjuvant TACE in individuals with tumor
<5 cm remained significantly different than that in those
with tumor >5 cm (model 1I, 0.59 vs. 1.17, p = .009 for inter-
action). The results did not change materially during analysis
in the crude cohort after adopting different adjustment
strategies (model I, 0.63 vs. 1.24, p = .006 for interaction;
model IV, 0.66 vs. 1.21, p = .012 for interaction).

Short-term side effects of 303 patients who received
adjuvant TACE were described according to the Clavien-
Dindo classification (Table 3). Although the overall inci-
dence of complications is up to 60.7%, the vast majority
were Clavien-Dindo grade 1 (54.1%), including fever,
nausea or vomiting, pain, etc. A total of 16 (5.3%) patients
experienced grade 2 complications, including mild liver
function abnormalities, pancreatitis and leukopenia, and
were cured by pharmacologic treatment. Meanwhile, a
total of three (1.0%) patients experienced grade 3 complica-
tions, of whom two had biliary system complications and
were cured by endoscopic retrograde cholangio-pancreato-
graphy. Another case had liver abscess and was cured by
puncture drainage. Only one patient (0.33%) experienced
acute liver failure and was cured by comprehensive treat-
ment in intensive care unit. No death due to complications
was observed in the current study.
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Figure 2. Overall survival curves of patients in the propensity score matching cohort. (A): For individuals with tumor size <5 cm,
the 1-, 3-, and 5-year overall survival rates were 90.1%, 66.4%, and 50.9%, respectively, in the group without adjuvant treatment
and 91.8%, 76.1%, and 72.4%, respectively, in the group with adjuvant treatment. (B): For individuals with tumor size >5 cm, the
1-, 3-, and 5-year overall survival rates were 87.5%, 39.2%, and 24.9%, respectively, in the group without adjuvant treatment and

60.5%, 39.1%, and 32.3%, respectively, in the group with adjuvant treatment.
Abbreviations: OS, overall survival; PA-TACE, postoperative adjuvant transarterial chemoembolization.
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Figure 3. Recurrence-free survival curves of patients in the propensity score matching cohort. (A): For individuals with tumor size
<5 cm, the 1-, 3-, and 5-year recurrence-free survival rates were 64.4%, 45.3%, and 36.4%, respectively, in the group without adju-
vant treatment and 87.2%, 65.6%, and 50.5%, respectively, in the group with adjuvant treatment. (B): For individuals with tumor
size >5 cm, the 1-, 3-, and 5-year recurrence-free survival rates were 50.6%, 23.6%, and 19.7%, respectively, in the group without

adjuvant treatment and 59.6%, 28.2%, and 18.8%, respectively, in the group with adjuvant treatment.
Abbreviation: PA-TACE, postoperative adjuvant transarterial chemoembolization.

DiscussioN

Resection is considered to be a “curative” treatment for
HCC. However, the long-term survival of these patients
remains far from promising; even for early tumors, the recur-
rence rate is up to 60% [24]. As more studies confirmed the
dismal relationship between mVI and postoperative out-
comes, adjuvant treatments were expected to bring a better
prognosis for them. In the current study, the significant
improvement in long-term outcomes with adjuvant TACE,
along with a manageable safety profile, suggested that it
could be an option for the treatment of patients with HCC
accompanied by mVI but not for those with tumor >5 cm.

www.TheOncologist.com

With the advancement of pathological diagnosis tech-
nology, a number of cases with HCC accompanied by mVI
were detected. Previous studies have shown that the prev-
alence of mVI in specimens obtained from liver transplan-
tation or resection can reach 59.0% [25]. Even in those
that meet the Milan Criteria, 50.0% of them exhibited mVI
[26]. Results from a multicenter study showed that the fre-
quency of mVI was 33.8% in patients with HCC within 2 cm
[27]. Currently, mVI is considered to be the direct evidence
of intrahepatic metastasis and a high risk of postoperative
recurrence [26]. Some scholars have proposed that mVI
is superior to Milan Criteria in predicting postoperative

© AlphaMed Press 2018
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Table 2. The results of multivariate Cox regression analyses of overall survival stratified by tumor size

PSM cohort Crude cohort
Tumor size Model I° Model II° Model Il Model Iv¢
<5 cm 0.58 (0.36-0.95) 0.59 (0.36-0.97) 0.63 (0.42-0.94) 0.66 (0.44—0.99)
>5 cm 1.19 (0.86-1.64) 1.17 (0.84-1.62) 1.24 (0.91-1.67) 1.21 (0.88-1.65)

p interaction .006 .009

.006 .012

Data are presented as odds ratio (95% confidence interval).
Bolded p values indicate significant difference.

*These factors were adjusted: age, sex, alpha-fetoprotein, extension of resection, and Edmondson-Steiner grading.
PThese factors were adjusted: age, sex, alpha-fetoprotein, extension of resection, Edmondson-Steiner grading, gamma-glutamy! transferase,

and tumor capsule.

“These factors were adjusted: age, sex, alpha-fetoprotein, extension of resection, total bilirubin gamma-glutamyl transferase, tumor number,

and Edmondson-Steiner grading.
%These factors were adjusted: all covariates listed in Table 1.
Abbreviation: PSM, propensity score matching.

Table 3. Short-term side effects of adjuvant transarterial
chemoembolization measured by Clavien-Dindo
classification

Clavien-Dindo grade n (%)

| 164 (54.1)
I 16 (5.3)
I 3 (1.0)
v 1(0.33)
v 0 (0)
Total 184 (60.7)

outcomes [2]. Therefore, assessment of the value of
adjuvant treatment for patients with this characteristic is
essential to improve their prognosis.

Previously, TACE has long been used as an effective
locoregional therapy for unresectable [28] or recurrent
HCC [29]. It is encouraging that our results added that
postoperative adjuvant TACE was associated with higher
RFS and OS in patients with tumor size <5 cm accompanied
by mVI. These data are in agreement with previous studies,
which also showed that adjuvant TACE significantly
improved postoperative prognosis in patients with multiple
tumors [30], poor differentiation [31], or portal vein tumor
thrombus [12-14, 32]. Generally, many HCC recurrences
are likely to be related to minimal residual tumors that
may not have been detected before or during surgery and
micro metastases that may have been shed from tumor
masses removed during operation. Adjuvant TACE could
therefore decrease the recurrence risk with chemotherapy
drugs and block the blood supply of “residual lesions” [33].
In fact, a recent study also suggested a favorable effect of
three cycles of adjuvant TACE on the prognosis in HCC
patients with mVI [34]. However, the authors did not elab-
orate on whether the treatment effect was consistent in
patients with different characteristics. In addition, as the
authors are concerned, selection bias is a major drawback
for this kind of retrospective study. In the current study,
we used PSM to balance significant differences in some
baseline characteristics and stratified analysis to improve
the conclusion. Finally, we found one cycle can achieve
similar treatment effect with less liver damage and fewer
medical expenses in those patients with tumor <5 ¢cm, not
only in the whole cohort but also in the matched cohort.

© AlphaMed Press 2018

With the advantage of interaction analyses, we also sug-
gested that postoperative adjuvant TACE failed to provide
long-term advantages for patients with tumor size >5 cm
accompanied by mVI. This result was robust when we ruled
out various potential confounding factors by corresponding
Cox multivariate regression models in the crude and
matched cohorts. Inconsistent with our findings, a few stud-
ies showed adjuvant TACE benefit in patients with large
tumors [33, 35]. Several factors may explain the differences
between the results in the present study and those in
previous trials involving patients without mVI. First, for large
tumors with mVI, they are likely to have more unrecognized
microscopic metastases. Because angiogenic factors peak
after TACE [36], some of the micrometastases that have not
been eliminated may also be potentially stimulated. Consis-
tently, another study also suggested that TACE is not benefi-
cial for tumors larger than 5 cm [37]. Second, the regimen of
adjuvant TACE varied, and questions concerning the exact
choice, optimum timing, and preferred cycles remained
unanswered. We performed adjuvant TACE only once at
4-6 weeks after surgery to minimize the adverse effects of
this procedure in depressing the host immunity and damag-
ing liver function [38]. Some studies also achieved satisfac-
tory results in patients with [34] or without [14, 39-41] mVI
by repeating this treatment twice or more. Recently, a meta-
analysis, including 3,325 patients, demonstrated that
patients’ prognosis was not improved by repeated courses
[35]. For the adjuvant TACE, the absence of direct evidence
of residual tumors contributes to inconsistent outcomes by
bringing diverse effects on tumor cells, microenvironment,
and immune surveillance [42, 43]. Based on these conflicting
and uncertain results, the benefit of increasing the frequency
of adjuvant TACE should be interpreted with caution. Instead
of increasing frequency, exploring new indicators or adopting
other adjuvant treatments may be beneficial for patients
with tumor size >5 cm accompanied by mVI, which needs
the validation of more prospective clinical trials.

In clinical practice, adjuvant therapy in HCC represents an
area of high unmet medical need, and attempts to address
this need have not proved successful. Studies of potential
adjuvant treatment modalities, such as sorafenib [44], inter-
feron alpha [45], vitamin K2 [46], I-131-Lipiodol [47], and sys-
temic chemotherapy [48], have been inconclusive in terms of
efficacy and safety or have not been supported with a high
level of evidence. Thus, international guidelines do not
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recommend any of them as a universal treatment after
potentially curative resection but recommend that larger trials
with lower risk of systematic error be undertaken. In this
large observational study, tumor size can confound and com-
plicate the clinical prognosis, contributing to adjuvant TACE in
this setting being controversial. As more researchers sug-
gested that each postoperative therapy has its own indication,
further refinement is necessary to identify the subset of
patients that is most likely to benefit from each adjuvant treat-
ment. Moving forward, there needs to be an emphasis on vali-
dating whether these adjuvant regimens will bring benefits for
patients with HCC larger than 5 cm accompanied by mVI.

The nature of this retrospective study remains an issue
in this type of analysis and might attenuate effect esti-
mates for adjuvant TACE. Therefore, we used PSM to elimi-
nate the heterogeneity between the two groups. In
addition, a consensus is urgently needed regarding the def-
inition of mVI [49, 50]. Although all pathological specimens
were reviewed by two pathologists to reduce interobserver
variability, intraobserver variability may still exist because
this analysis was based on data from a single institution.
Finally, the different combination of antitumor regimens,
including anthracycline, platinum compounds, mitomycin C,
and 5-fluorouracil during TACE, demonstrated similar sur-
vival benefits [51, 52]. However, whether the results are
applicable in adjuvant TACE needs further exploration.

COoNCLUSION

In the presence of mVI, which is an accepted prognostic
factor of HCC, postoperative adjuvant TACE reduces the
risk of tumor recurrence and death for HCC less than 5 cm.
However, failure of long-term advantages for patients with
tumor size larger than 5 cm may call for more optimized
application of this regimen.
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