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Abstract

Background: Previous studies have reported the surgical resection (SR) and radiofrequency ablation (RFA) could
achieve comparable recurrence-to-death survival (RTDS). However, the impact of primary tumor burden on RTDS of
patients with recurrent hepatocellular carcinoma (HCC) following SR or RFA has not been clarified.

Methods: From January 2009 to March 2015, 171 patients who underwent initial hepatectomy and second curative
treatments in West China Hospital were retrospectively analyzed. Survival analysis was performed by the Kaplan-
Meier method. Risk factors were identified using the Cox proportional hazard model.

Results: At initial hepatectomy, 96 patients (56.1%) were diagnosed with HCC within the Milan criteria (MC), and 75
patients (43.9%) were HCC beyond the MC. The clinicopathological features and re-treatment methods of recurrent
HCC were similar between patients with primary HCC within or beyond the MC. Patients with primary HCC within the
MC had longer recurrence time (31.4 4 24.2 months vs. 20.2 £ 16 months, P <0.001). The 1- and 3- year RTDS within
and beyond the MC group were 88.8%, 57.6% and 79.0%, 46.3%, respectively (P =0.093). In multivariate analysis, the
recurrence time, tumor size and AFP >400 ng/mL at the time of recurrence were associated with RTDS.

Conclusions: The primary tumor burden had no impact on RTDS, but had an impact on recurrence time. The recur-

rence time had an impact on RTDS and might be a good index to reflect the biology of recurrent HCC.
Keywords: Hepatocellular carcinoma, Recurrence, Milan criteria, Radiofrequency ablation, Surgical resection

Background

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related mortality worldwide [1]. The
potential curative treatment modalities for HCC include
liver transplantation, surgical resection (SR), and radiof-
requency ablation (RFA). In clinical practice, many HCC
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patients present with intermediate or advanced-stage
disease at diagnosis because of the lack of early-stage
symptoms. Multiple evidences including one from a ran-
domized controlled trial (RCT) have suggested that sur-
gery could provide better survival than other treatments
[2, 3]. However, the long-term prognosis of HCC remains
unsatisfactory given the high frequency of tumor recur-
rence (5-year recurrence rate, ~70%) [4]. Therefore, most
patients required subsequent treatments, such as repeat
surgical resection (RSR), RFA, or transcatheter arterial
chemoembolization (TACE). Multicentric occurrence
(MO) and intrahepatic metastasis (IM) are two types of
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recurrence with different prognosis [5]. However, it is dif-
ficult to define the clonal origin of recurrent HCC limited
by the current pathological examination. Therefore, in the
current study, we analyzed the postoperative recurrence
survival based on the initial and recurrent tumor stage.
For treatment modalities, numerous studies, includ-
ing one meta-analysis, suggested both RSR and RFA are
comparable in terms of long-term survival for patients
with recurrent HCC. Further, a recent RCT also reported
no statistically significant difference in survival outcomes
after RSR versus RFA for patients with early-stage recur-
rent HCC [6-9]. It is now accepted that for those with
early-stage or locally recurred HCC, RSR or RFA is the
first line of treatment. In the current study, we included
patients who underwent RSR or RFA or both curative
methods. Previous studies showed the 5-year survival
rate of patients beyond the Milan criteria (MC) could
achieve 39-60%, lower than that for patients within the
MC [3, 10-12]. For those with comparable tumor stage
at recurrence time, the effect of primary HCC within
or beyond the MC on the recurrence-to-death survival
(RTDS) remains unclear after curative treatments.

A previous study showed that 30-60% of recurrent or
metastatic tumors harbor clones different from the pri-
mary tumor, suggesting differences in terms of biology
and prognosis from the primary HCC [13]. The prog-
nostic factors associated with post recurrence survival
should be further investigated.

In this study, we aimed to investigate the impact of
primary HCC within or beyond the MC at the initial
hepatectomy on the RTDS after curative treatments in
patients with local or regional recurrent HCC. The prog-
nostic factors associated with RTDS were also analyzed.

Methods

Study patients

Between January 2009 and March 2015, 171 patients who
underwent hepatectomy for primary HCC and RSR or
RFA for recurrent HCC in the Department of Liver Sur-
gery & Liver Transplantation Centre at our institute were
enrolled for this study. Curative treatment was defined as
negative surgical margin, or no residual tumors detected
by computed tomography (CT) and/or magnetic reso-
nance imaging (MRI) within one month. All patients
were followed-up until November 2017 or until death.
The inclusion criteria were as follows: patients (1) ini-
tially treated by hepatectomy; (2) with the liver function
was classified as Child—Pugh A, and (3) with the first
local or regional relapses of HCC treated by resection
or RFA or both curative methods. The exclusion crite-
ria were: patients (1) with the major vascular invasion at
the first treatment; (2) with diffuse or distant metastasis
at the first treatment; (3) who underwent salvage liver
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transplantation; and (4) with incomplete clinicopatho-
logical or follow-up data. In the current study, there were
10 cases with regional relapses of HCC (extrahepatic
metastasis). They were recommended resection by a mul-
tidisciplinary team in West China Hospital. The study
was approved by the Ethics Committee on Biomedical
Research, West China Hospital of Sichuan University
(N0.2017062) and was conducted under the tenets of the
Declaration of Helsinki. The work has been reported in
line with the STROCSS criteria [14].

At the first surgery, clinicopathological variables
including age, sex, underlying liver disease, and preoper-
ative laboratory results such as alpha-fetoprotein (AFP),
tumor number, largest tumor diameter, tumor differen-
tiation, microvascular invasion (MVI), satellite lesions,
and liver cirrhosis were recorded. At the second surgery,
clinicopathological variables including preoperative labo-
ratory results such as AFP; and levels of aminotransferase
(ALT), aspartate transaminase (AST), and total bilirubin
(TBIL); tumor number; and largest tumor diameter were
collected [15, 16]. At the initial hepatectomy, 95 patients
were within the Milan criteria (a single tumor<5 cm or
with up to three nodules<3 cm) and 76 patients were
beyond the Milan criteria.

Follow-up

All patients were followed-up in the first postoperative
month, then every 3 months for the first 2 years, and
6 months thereafter until the death of the patient. Before
and after the operation, antiviral drugs were adminis-
tered to the patients according to the guidelines. Blood
routine; liver function tests; AFP levels; HBV markers;
HBV-DNA levels; and imaging examinations such as
liver ultrasonography, CT, or MRI were included at each
investigation. Tumor recurrence was identified based
on either at least two positive radiological examinations
or one positive radiological examination and increased
AFP levels, including the intrahepatic and extrahepatic
metastasis. The recurrence-free survival (RFS) time was
defined as the interval between the operation and the
first incidence of detectable recurrence (intrahepatic or
extrahepatic metastasis). The overall survival (OS) time
was defined as the interval between the operation and
death or the last follow-up. The RTDS time was defined
as the interval between HCC recurrence and death or the
last follow-up. The last follow-up date was at the end of
November 2017 or until death.

Statistical analysis

Categorical variables were summarized using fre-
quency and percentage and were compared using Fish-
er’s exact test. Continuous variables were expressed as
mean + standard deviation and were compared using
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the Student’s ¢-test or Mann—Whitney U test (for non-
normally distributed data). The overall survival (OS)
and RTDS were estimated using Kaplan—Meier sur-
vival curve plots and were compared using the log-rank
test. Multivariate analyses of post recurrence survival
were tested using the Cox proportional hazards model.
Potential risk factors with P <0.1 in the univariate anal-
ysis were included in the multivariate analysis model
using forward step-wise selection process [17]. A P
value <0.05 was considered statistically significant. The
analysis was performed using the SPSS20.0 software
(IBM Corp, Armonk, NY).

Results

Clinicopathological characteristics

There were 171 patients in the current study. At ini-
tial hepatectomy, 96 patients (56.1%) were diag-
nosed with HCC within MC, and 75 patients (43.9%)
were HCC beyond MC. The clinicopathological data
are shown in Table 1. At the initial stage, the aver-
age tumor size of patients within and beyond the MC
group was 3.3+1.1 cm and 7.943.2 cm, respectively
(P<0.001). Furthermore, there were 83 (86.5%) and
55 (73.3%) patients with one tumor, 10 (10.4%) and 16
(21.3%) patients with two tumors, and 3 (3.1%) and 4
(5.3%) patients with at least three tumors (P=0.095),
respectively, in the within and beyond MC groups.
Patients in the beyond MC group had a higher rate of
microvascular invasion than those in the within MC
group (38.7 vs. 19.8%) (P=0.01). However, those in the
within MC group showed a higher rate of liver cirrho-
sis than those in the beyond MC group (79.1 vs. 61.3%,
P=0.036). And patients with HCC within the Milan
criteria had a longer time to recurrence than those with
HCC beyond the Milan criteria (31.4 & 24.2 months vs.
20.2 4+ 16 months, P<0.001). There were no significant
intergroup differences with respect to age, sex, HBV
infection, tumor differentiation, rate of satellite lesions,
and AFP>400 ng/mL. At the time of recurrence, the
average tumor size was 3.2+2.4 cm and 3.2+2.1 cm,
respectively (P=0.845). There were 75 (78.1%) and
52 (69.3%) patients with one tumor, 10 (10.4%) and
11 (11.4%) patients with two tumors, and 11 (11.5%)
and 12 (16.0%) patients with at least three tumors
(P=0.445), respectively, in the within and beyond
MC groups. patients with primary HCC beyond MC
seemed to have more frequent occurrences of extrahe-
patic invasion, although this was not statistically sig-
nificant. The other variables were comparable between
both groups (Table 1). Patients with primary HCC
beyond MC or with MVI had a shorter time to recur-
rence (Table 2).
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Survival analysis

The follow-up period in the within and beyond MC
groups was 59.6+27.8 and 44.9+24.2 months respec-
tively. All patients received curative resection at the first
surgery. At the time of censoring, 37 (44.4%) patients
within MC and 39 (52.0%) patients beyond MC died
(P=0.089). With respect to the recurrences, 44 (45.8%)
and 32 (42.7%) patients received RSR, 48 (50.0%) and 38
(50.7%) patients received RFA, and 4 (4.2%) and 5 (6.7%)
patients received combined therapy, respectively, in the
within and beyond MC groups (P=0.552).

The 1-, 3-, and 5-year OS rates in patients within the
MC group were 96.9, 83.1, and 65.7%, respectively, and
90.7, 67.3 and 41.7%, respectively, in patients beyond the
MC group. The survival curve for patients within the
MC group was significantly better than that for patients
beyond the MC group (Fig. 1a, P=0.006). Similarly, the
1, 3, and 5 year RFS rates were better for HCC patients
within the MC group than for those with HCC beyond
MC (Fig. 1b). All patients with recurrent HCC received
RFA and/or resection. The RTDS survival curves were not
statistically significant when all patients were stratified by
treatment methods (RFA vs. resection vs. RFA +resec-
tion) (Fig. 2a). The 1 and 3 year RTDS in patients with
primary HCC within the MC group was 88.8 and 57.6%,
respectively, and 79.0 and 46.3%, respectively, in patients
with primary HCC beyond the MC group. The survival
curve for patients within the MC group was slightly bet-
ter than that for patients beyond the MC group (Fig. 2b),
but this difference was not significant (P=0.093).

Prognostic factors associated with RTDS

As shown in Table 3, the univariate analysis suggested
that MVI, recurrence time, tumor size, tumor number,
extra-hepatic metastasis, AFP>400 ng/mL, and PLR
were significant factors. Multivariate analysis showed
that recurrence time (P=0.009, hazard ratio [HR]: 0.978,
95% confidence interval [CL:] 0.962-0.995); tumor size
(P=0.001, HR: 1.149, 95% CI: 1.062-1.242); and AFP
(>400 ng/mL) (P<0.001, HR: 2.465, 95% CI: 1.486—4.089)
were prognostic factors after curative treatment. Tumor
size and tumor number at the first surgery were not dem-
onstrated to be related to RTDS (P> 0.05).

Discussion

Repeat surgical resection and radiofrequency ablation are
two of the most common curative therapies for recur-
rent HCC with acceptable long-term survival, given
that liver transplantation is typically limited by organ
shortage [18-21]. Consistent with previous studies, our
study confirmed that the curative treatments (RSR, RFA,
RFA+RSR) had no statistically significant difference
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Table 1 Demographic and clinical data at initial hepatectomy and at recurrence time

Within Milan criteria Beyond Milan criteria OR 95% Cl p value
(Nn=96) (n=75)
Atinitial hepatectomy
Age (years old) 496+119 4854125 0.548
Gender(male/female) 77/19 Jul-68 0.085
Positive HBsAg 84 (87.5) 67 (89.3) 0813
HBV-DNA>103 22 (29.3) 26 (27.1) 0.864
Tumor size (cm) 33+£1.1 79432 0.001*
Tumor number 0.095
One 83 (86.5) 55(733)
Two 10 (10.4) 16 (21.3)
More 3(3.1) 4 (5.3)
Differentiation(poor/moderate-well) 34/62 27/48 0.52
Microvascular invasion 19 (19.8) 29 (38.7) 2.555 1.289-5.064 0.010*
Satellite lesions 9(94) 9(120) 0.622
Liver cirrhosis 76 (79.1) 46 (61.3) 2.396 1.217-4.715 0.036*
AFP(>400 ng/ml) 30(31.2) 27 (36.0) 0519
Recurrence time(mo) 3144242 2024161 <0.001*
Treatments after recurrence
Resection 48 (50.0) 32(42.7) 0.552
RFA 44 (45.8) 38(50.7)
Resection 4 RFA 4(4.2) 5(6.7)
At recurrence time
Tumor size (cm) 32+24 32421 0.845
Tumor number 0.445
One 75(78.1) 52 (69.3)
Two 10(10.4) 11(14.7)
More 11(11.5) 12(16)
Satellite lesions 22.1) 1(1.3) 1
Macrovascular invasion 1(1.0) 1(1.3) 1
Extrahepatic invasion 3(3.1) 7(9.3) 0.107
Spleen 1(1.0) 0 0.101
Greater omentum 0 1(1.3) 0.93
Abdominal wall 1(1.0) 1(1.3) 0.308
Diaphragm 1(1.0) 1(1.3) 0.198
Abdominal cavity 0 2(2.7) 0.355
Colon 0 1(1.3) 0.757
Lung 0 1(1.3) 0.266
AFP(>400 ng/ml) 12(12.5) 17 (22.7) 0.101
TBIL(mmol/L) 154459 155+68 0.93
ALT(U/L) 3524263 418£563 0.308
AST(U/L) 339+175 385+27.8 0.198
ALB(g/L) 429437 424+£40 0.355
PLR 83.74+524 86.2+514 0.758
NLR 22411 24415 0.266

*indicated statistically significant

HBsAg hepatitis B surface antigen, HBV hepatis B viral, AFP alpha fetoprotein, TBIL total bilirubin, ALT aminotransferase, AST aspartate transaminase, ALB albumin, PLR
platelets-to-lymphocyte ratio, NLR neutrophil-to-Lymphocyte Ratio
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Table 2 Comparison of recurrence time in primary tumor burden and microvascular invasion
Beyond the Milan criteria Within the Milan criteria p value
Recurrence time(mo) 2024161 3144243 0.001
Microvascular invasion (4+) Microvascular invasion (—) p value
Recurrence time(mo) 2014212 2904215 0014
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Fig. 1 Overall survival (OS) rate a and recurrence-free survival (RFS) rate b of patients with primary HCC within and beyond MC

in post-recurrence survival [7, 20, 22]. Despite this, we
observed a tendency toward a relatively poor prognosis
for patients treated using combined therapy, most likely
owing to the advanced tumor stages. For the recurrent
tumor, the average tumor size was about 3.2 cm. Com-
plete tumor ablation could be inducted by RFA. In our
study, the RTDS was comparable based on different treat-
ments regardless of the primary HCC within or beyond
MC. Patients with HCC beyond MC had poorer OS
than those with HCC within MC (5 year OS rate: 44.7
vs. 65.7%, P=0.001). Increased tumor size and multi-
ple tumors negatively impacted the prognosis [23]. As
reported in the study, the treatment methods, tumor
number, and tumor size at recurrence between both
groups showed no significant differences. Interestingly,

patients with primary HCC within and beyond MC had
comparable RTDS after curative treatments (5 year OS
rate: 42.6% vs. 34.2%, P=0.093). Patients with primary
HCC beyond MC showed a trend for poor RTDS after
curative treatments, but this association was not sta-
tistically significant. Moreover, tumor number, tumor
size, or tumor beyond MC was not demonstrated to
be significant prognostic factors of RTDS in the uni-
variate and multivariate analysis. Interestingly, time to
recurrence was identified as an important predictor of
RTDS, which might suggest it was a better index than
the primary tumor burden to represent tumor biology.
This was in accordance with previous studies [6, 24].
Notably, patients with HCC beyond MC had a shorter
time to recurrence than those with HCC within MC



Wu et al. BMC Surgery (2022) 22:193

Page 6 of 9

Fig. 2 a Overall survival (OS) rates of the RSR/RFA/RSR + RFA group. The OS rate among the three subgroups was comparable. b The
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(20.2+16.1 months vs. 31.4424.2 months). Features
of tumor burden such as increased tumor size and mul-
tiple tumors increased the risk of recurrence [2, 25]. A
short recurrence time could indicate poor tumor biol-
ogy [26]. Zheng et al. demonstrated the time interval to
HCC recurrence could predict the prognosis after sal-
vage liver transplantation.[27] MVI representing the bio-
logical behavior of HCC was another significant variable
predicting tumor recurrence [28, 29]. A previous study
suggested that the status of MVI could be used as selec-
tion criteria for the best treatment strategy for intrahe-
patic recurrence [30]. However, in the current study, MVI
was significant in the univariate analysis but not in the
multivariate analysis for RTDS. Although the primary
tumor burden or MVI is not associated with RTDS, it
was closely related to recurrence time, which indirectly
impacted the RTDS. We believe that the time to recur-
rence was a better reflector of tumor biology than the
primary tumor burden.

Consistent with previous studies, the AFP level at
recurrence was a prognostic factor of RTDS [31-33].
In the current study, we identified AFP>400 ng/mL at
recurrence had a negative impact on RTDS. High AFP
levels were associated with highly aggressive cancer

and correlated with poor prognosis [34—36]. The tumor
size at recurrence had a negative impact on the prog-
nosis because the increased tumor size was correlated
with unfavorable pathological factors [37, 38]. Multiple
tumors and increased tumor size are well-established
risk factors for recurrence [2, 39, 40]. It cannot be denied
that patients with primary HCC beyond MC might more
easily develop multiple or diffuse tumor recurrence, pre-
cluding further curative treatments. Overall, patients
with HCC beyond MC had a poorer prognosis than
those with primary HCC within MC. However, those
with early-stage HCCs and suited for curative treatments
might achieve comparable RTDS.

Our study has some limitations. First, the study popu-
lation in both groups was relatively small, and the follow-
up period was not long enough. Second, patients in the
current study might have been chosen rather carefully
because many patients had advanced recurrent HCCs,
especially those with HCC beyond MC. Third, the diag-
nosis of recurrent HCCs in RSR patients was confirmed
by pathology, while the diagnosis in RFA patients was
confirmed by two imaging studies combined with AFP
levels. Fourth, our study only included the first treatment
of patients with recurrent HCC after initial hepatectomy.
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Table 3 Factors affecting recurrence-to-death survival (RTDS)
Univariate analysis Multivariate analysis
Variable p value HR 95% Cl p value HR 95% Cl
At initial hepatectomy
Age (years old) 0.355
Gender(male/female) 0.449
Positive HBsAg 0.129
Positive HBeAg 0.402
HBV-DNA 0.037 1.642 1.030-2.620
Beyond Milan criteria 0.098 1.467 0.932-2310
Tumor size (cm) 0.068 1.056 0.996-1.119
Tumor number 0.784
Differentiation(poor/moderate-well) 0406
Microvascular invasion 0.015 1.787 1.117-2.860
Satellite lesions 0.390
Liver cirrhosis 0.676
AFP(>400 ng/ml) 0.595
Recurrence time 0.003 0.975 0.959-0.991 0.009 0.978 0.962-0.995
Treatments after recurrence 0977 0.994 0.664-1.488
At recurrence time
Tumor size (cm) 0.002 1.130 1.046-1.222 0.001 1.149 1.062-1.242
Tumor number 0.016 1.426 1.067-1.905
Satellite lesions 0474
Macrovascular invasion 0.003 3.367 1.529-7415
Extrahepatic metastasis 0.016 2.363 1.174-4.758
AFP(>400 ng/ml) <0.001 2.706 1.652-4.433 <0.001 2465 1.486-4.089
TBIL(umol/L) 0.444
ALT(U/L) 0.660
AST(U/L) 0.728
Albumin(g/L) 0.871
PLR 0.016 1.005 1.001-1.009
NLR 0.692

HBsAg hepatitis B surface antigen, HBV hepatis B viral, AFP alpha fetoprotein, TBIL total bilirubin, ALT aminotransferase, AST aspartate transaminase, ALB albumin, PLR

platelets-to-lymphocyte ratio, NLR neutrophil-to-Lymphocyte Ratio

Therefore, we did not collect detailed data on multiple
treatments in patients with recurrent HCC.

Conclusions

This study proved that the primary tumor burden had no
impact on RTDS, but had an impact on the recurrence
time. The recurrence time might be a good parameter
to represent the biology of the recurrent HCC. Patients
should be subjected to a strict follow-up and offered
potentially curative management for recurrent HCC.
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