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Abstract

BACKGROUND

Surgical resection is one of the most widely used modalities for the treatment of
hepatocellular carcinoma (HCC). Early extrahepatic recurrence (EHR) of HCC after
surgical resection is considered to be closely associated with poor prognosis. However,
data regarding risk factors and survival outcomes of early EHR after surgical resection

remain scarce.

AIM
To investigate the clinical features and risk factors of early EHR and elucidate its

association with survival outcomes.

METHODS

From January 2004 to December 2019, we enrolled treatment-naive patients who were
>18 years and underwent surgical resection for HCC in two tertiary academic centers.
After excluding patients with tumor types other than HCC and/or ineligible data, this
retrospective study finally included 779 patients. Surgical resection of HCC was
performed according to the physicians” decisions and the EHR was diagnosed based on
contrast-enhanced computed tomography or magnetic resonance imaging, and
pathologic confirmation was performed in selected patients. Multivariate Cox

regression analysis was performed to identify the variables associated with EHR.

RESULTS

Early EHR within 2 years after surgery was diagnosed in 9.5% of patients during a
median follow-up period of 4.4 years. The recurrence-free survival period was 5.2 mo,
and the median time to EHR was 8.8 mo in patients with early EHR. In 52.7% of
patients with early EHR, EHR occurred as the first recurrence of HCC after surgical
resection. On multivariate analysis, serum albumin <4.0 g/dL, serum alkaline

phosphatase >100 U/L, surgical margin involvement, venous and/or lymphatic




involvement, satellite nodules, tumor necrosis detected by pathology, tumor size =7 cm,
and macrovascular invasion were determined as risk factors associated with early EHR.
After sub-categorizing the patients according to the number of risk factors, the rates of
both EHR and survival showed a significant correlation with the risk of early EHR.
Furthermore, multivariate analysis revealed that early EHR was associated with

substantially worse survival outcomes (Hazard ratio, 6.77; 95% confidence interval,

4.81-9.52; p<0.001).

CONCLUSION
Early EHR significantly deteriorates the survival of patients with HCC, and our
identified risk factors may predict the clinical outcomes and aid in postoperative

strategies for improving survival.

Key Words: Early extrahepatic recurrence; Hepatocellular carcinoma; Prognosis;

Surgery; Survival

Yoon JH, Choi SK, Cho SB, Kim HJ, Ko YS, Jun CH. Early extrahepatic recurrence as a
pivotal factor for survival after hepatocellular carcinoma resection: a 15-year

observational study. World | Gastroenterol 2022; In press

Core Tip: Surgical resection of hepatocellular carcinoma (HCC) is effective and curative
treatment modality. However, early extrahepatic recurrence (EHR) after resection is
related to poor prognosis. This study indicates the close correlation between the early
EHR and survival outcome (HR 6.77, 95%CI 4.81-9.52). The time to EHR was 8.8 mo and
in 52.7% of early EHR group, EHR occurred as the first recurrence. On multivariate
analysis, serum albumin <4.0 g/dL, serum alkaline phosphatase >100 U/L, surgical
margin involvement, venous and/or lymphatic involvement, satellite nodules, tumor
necrosis, tumor size =27 cm, and macrovascular invasion were associated risk factors

with early EHR.




INTRODUCTION

Surgical resection remains one of the best options for treating early hepatocellular
carcinoma (HCC), along with liver transplantation and radiofrequency ablation [1-3].
With the development of surgical techniques and medical devices, surgical resection of
tumors has been performed for a wide spectrum of patients with HCC. Nonetheless,
HCC recurrence after surgery leads to an unfavorable prognosis and is still a major
issue, with the 2-year recurrence rate ranging from 30.0% to 43.0% [4 5.

HCC recurrence after surgical resection mostly occurs inside the liver
(intrahepatic), but recurrence outside the liver (extrahepatic) can also occur [2 6. Most
cases of extrahepatic recurrence (EHR) of HCC generally have an aggressi'ﬁ phenotype,
and this contributes to poor survival outcomes [7I. Taketomi et al reported the 3-, 5-, and
10-year cumulative survival rates of EHR as 60.3%, 24.0%, and 6.0%, respectively, which
were lower than those in patients with intrahepatic recurrence (IHR) (74.5, 57.7, and
23.1%, respectively; p=0.004) [6l. Although IHR of HCC can be managed by various loco-
regional treatment modalities and systemic therapies, there are only limited methods
for the treatment of EHR. However, despite an expected poor prognosis, favorable
outcomes in selected patients with limited EHR have been reported with treatment
modalities, such as metastasectomy 8. Therefore, predicting the risk of EHR is essential,
and better outcomes can be accomplished by predicting high-risk patients and
monitoring these patients with close follow-up surveillance for early detection of EHR
and/or timely postoperative adjuvant therapy.

We have reported simple parameters for predicting EHR after hepatectomy [%, and
in that study, approximately 49.2% of the patients with EHR (31 of 63 patients) showed
early EHR and demonstrated poorer recurrence-free survival (RFS) and overall survival
rates. There have been many reports regarding the risk factors and predictive models
for early recurrence mostly concerning IHR of HCC after surgery [1%12l; however, there
are limited data regarding the risk factors and survival outcomes related to early EHR

after surgical resection of HCC. Moreover, the clinical characteristics and survival




outcomes of patients with early EHR in comparison with those with a later onset of
EHR have not been examined. Hence, we aimed to investigate the characteristics and
potential risk factors of early EHR after curative surgical resection for HCC and explore

the relationship between early EHR and survival outcomes.

MATERIALS AND METHODS

Patients

This study enrolled 890 patients who underwent surgery for HCC from January 2004 to
December 2019 at two tertiary hospitals. Patients with tumor types other than HCC,
previous treatment experience, and ineligible data were excluded. Finally, 779 patients
were enrolled for this study and were analyzed. Surgical resection of HCC was
determined by a physician’s decision regarding the tumor stage, liver function, and the
patient’s physical status. There had been no changes in the keynote of surgical resection
during the study period in both centers. To exclude potential bias regarding surgical
technique and concentrate on EHR development and survival rate based on tumor
findings, patients who developed EHR prior to the completion of the post-surgical

duration of 60 days were excluded.

Baseline HCC staging, surgical resection, and follow-up
HCC was diagnosed according to the guidelines of the Korean Liver Cancer Study
Group and the National Cancer Center 3l HCC staging at the time of diagnosis was
determined using the modified Union for International Cancer Control (mUICC)
staging system(!4 and the Barcelona Clinic Liver Cancer (BCLC) classification system [°l.
Milan criteria were based on radiologic findings at initial the diagnosis of HCC [15].
Abdominal computed tomography (CT) or magnetic resonance imaging (MRI) and
assessment of serological tumor markers were routinely performed 1 mo after surgical
resection and at each 3-6-month follow-up visit.

The tumor sizes were measured by radiologic modalities with CT or MRI. The

histological differentiation of HCC was graded according to the criteria of Edmondson




and Steiner [16l. The presence of macrovascular invasion was defined as vascular
invasion of HCC detected on CT imaging or MRI while microvascular invasion was
defined as invasion of vascular structures on microscopic analysis of resected tumor
specimens. Lymph node metastasis, serosal invasion, bile duct invasion, capsule
formation, multicentricity, satellite nodule, intrahepatic metastasis, tumor necrosis,
tumor hemorrhage, and fatty changes within tumors were all confirmed from
pathological findings of resected specimens. Overall survival was defined as the time
interval in days between the date of diagnosis of HCC and the date of death or last
follow-up examination. The cause of death of each patient is presented in

Supplementary Table S3.

Diagnosis of recurrence and EHR

The diagnosis of EHR was confirmed by contrast-enhanced CT or MRI, and
pathological examination was performed only for selected patients as decided by the
physician. In addition, chest radiographs, bone scintigraphy, positron emission
tomography-CT, and brain MR or CT imaging were used when new signs suggesting
tumor metastasis manifested. Early EHR was defined as EHR that developed within 2
years after initial surgical resection. Most cases of EHR were diagnosed during the
routine follow-up studies, with a few cases diagnosed during the evaluation of new-
onset symptoms or based on significant elevation in alpha-fetoprotein (AFP) or serial

AFP elevation without definite intra-hepatic lesions.

Ethics statement

This study was approved by the Institutional Review Board of Chonnam National
University Hospital (IRB No. CNUH-2019-203). Because of the retrospective design of
our study and the use of de-identified data, the requirement for informed consent was
waived under the approval of the Institutional Review Board of Chonnam National
University Hospital. The study was performed in compliance with the tenets of the 1975

Helsinki Declaration.




Statistical analysis

The data are presented as means + standard deviations or as medians and ranges, as
appropriate, for the data type and distribution. Univariate analyses were performed
using the chi-squared test or Student’s t-test, as appropriate. Variables with a p-value of
<0.05 on univariate analyses were included in a multivariate logistic regression analysis
to identify factors predictive of EHR. A multivariate Cox regression model was built
using a stepwise backward selection of variables, and variables with a p-value of <0.05
were retained as predictive factors. The risk levels of EHR were defined based on the
number of risk factors present, and Kaplan-Meier survival curves were constructed for
each risk level. All statistical analyses were performed using SPSS software version 27.0
(IBM Corp., Armonk, NY, USA). The statistical methods of this study were reviewed by
Cho Hee Hwang from the Biomedical research institute of Chonnam National

University Hospital.

RESULTS

Baseline characteristics of the enrolled patients

The baseline characteristics of patients with early EHR were assessed (Table 1). These
patients were younger, had lower serum albumin levels, and higher initial serum AFP
concentration >400 (IU/mL) than those without early EHR. Additionally, patients with
early EHR showed more advanced tumor stage with respect to tumor size, BCLC stage,
mUICC stage, and beyond Milan criteria. The patients in the early EHR group
presented higher rates of macrovascular invasion and longer duration of hospital stay
after liver resection. Furthermore, when we subdivided the patients into those without
EHR, those with non-early EHR, and those with early EHR, the following factors
exhibited a close relationship to the interval of EHR development: younger age, ALP
levels, albumin levels, preoperative serum AFP >1500 IU/mL, tumor size, tumor

numbers, tumor stages, and the presence of macrovascular invasion (Supplementary

Table 1).




Comparison of clinicopathological findings and clinical outcomes

We analyzed the surgical findings of tumor specimens categorized by the presence of
early EHR (Table 2). Patients with early EHR had more metastatic lymph nodes,
microvascular invasion, and satellite nodules (0.1% vs 4.1%, 16.3% vs 44.6%, and 12.2%
vs 23.0%, respectively). Furthermore, the tumor specimens in the early EHR group
showed a higher probability of tumor necrosis, hemorrhages, and absence of fatty
changes (41.5% vs 82.4%, 43.0% vs 62.2%, and 36.0% wvs 20.5%, respectively). On
subgroup analysis stratifying patients with EHR into the early EHR and non-early EHR
groups, microvascular invasion, serosal invasion, presence of satellite nodules, tumor
necrosis, hemorrhages, and absence of fatty changes still showed consistent significance
(Supplementary Table 2).

When comparing the findings on the first recurrence between the early and non-
early EHR groups, the proportion of patients with serum AFP >400 IU/mL was higher
(10.2% wvs 31.0%, p<0.001) (Table 2) and the RFS was shorter (32.4 vs 5.21 mo, p<0.001) in
the early EHR group. These trends for serum AFP and RFS also showed consistency
when we compared all patients with non-early EHR and early EHR (Supplementary
Table 3). Furthermore, the mUICC stage at first recurrence was more advanced in the
early EHR group (38.7% vs 75.7% with mUICC stage 23, p<0.001), and 52.7% of patients

developed EHR as the first recurrence after surgical resection.

Analysis of factors associated with early EHR

We performed Cox regression analysis to assess multiple factors relevant to EHR after
surgical resection of HCC (Table 3). Among various risk factors, eight were proven to be
closely associated with EHR, including serum albumin <4.0 g/dL (Hazard ratio [HR],
2.12; p<0.001), serum ALP >100 U/L (HR, 1.586; p=0.018), surgical margin involvement
(HR, 2.53; p=0.032), venous and/or lymphatic jnvolvement (HR, 1.900; p=0.002), satellite
nodules (HR, 1.73; p=0.011), tumor necrosis (ﬂ

cm (HR, 1.84; p=0.004), and macrovascular invasion (HR, 2.30; p=0.008).

R, 1.92; p=0.001), sum of tumor size =7




Analysis of factors associated with overall survival

We conducted Cox regression analysis to determine the risk factors associated with
survival after surgical resection of HCC and to assess the relationship between early
EHR and survival. On multivariate analysis, serum albumin <4.0 g/dL (HR, 2.44;
p<0.001), serum ALP >100 U/L (HR, 1.61; p=0.001), major Edmondson-Steiner grade =3
(HR, 1.45; p=0.008), pathological mUICC stagg III or IVa (HR, 1.63; p=0.002), satellite
nodules (HR, 1.92; p<0.011), tumor necrosis (HR, 1.35; p=0.030), and early EHR (HR,

6.77; p<0.001) were identified as factors related to survival outcome.

Cumulative rates of early EHR and overall survival

Among the 779 patients enrolled, 136 (17.5%) developed EHR during a median follow-
up period of 4.41 years, and 74 (54.4%) exhibited early EHR after surgical resection of
HCC. Both the cumulative rates of recurrence and the overall survival rates after
surgical resection of HCC showed stepwise correlations with the interval to EHR
(Figure 1). The 1-, 3-, 5-, and 10-year cumulative rates of recurrence were 15.8%, 35.40ﬁ
46.5%, and 60.1% in the non-EHR group and were 32.3%, 64.5%, 85.5%, and 100.0% in
the non-early EHR group. The early EHR group had a 1-year recyrrence rate of 83.8%
and 100.0% from the 2nd year after surgical resection (Figure 1A). The 1-, 3-, 5-, and 10-
year cumulative rates of overall survival were as follows: 97.8%, 90.2%, 80.9%, and
66.8% for the non-EHR group; 100.0%, 90.3%, 67.2%, and 9.9% for the non-early EHR
group; and 74.9%, 23.0%,15.2%, and 10.8% for the early EHR group (Figure 1B).

Cumulative rates of early EHR and survival categorized by risk factors

Depending on the eight factors proven to be associated with early EHR, we categorized
the patients according to the number of risk factors. The cumulative rates of early EHR
onset and survival were analyzed in the sub-categorized patients, and both rates
showed stepwise correlations according to the number of risk facars (Figure 2A, B).

Consequently, we stratified the patients into three categories: a low-risk group with 0-1




risk factor, an intermediate-risk group with 2-3 risk factors, and a high-risk group with
>4 risk factors. The rates of EHR and survival exhibited a significant correlation with
the risk stratification model (Figure 2C, D). The 1-, 2-, 3-, 5-, and 10-year cumulative
rates of EHR in each group were as follows: 0.5%, 2.0%, 3.4%, 6.2%, and 16.8% in the
low-risk group; 10.3%, 16.1%, 18.6%, 23.8%, and 42.8% in the intermediate-risk group;
and 31.7%, 44.0%, 50.2%, 66.2%, and 77.5% in the high-risk group. The 1-, 3-, 5-, and 10-
year overall survival rates in each group were as follows: 98.9%, 94.7%, 89.5%, and
70.0% in the low-risk group; 93.9%, 75.7%, 59.3%, and 38.1% in the intermediate-risk
group; and 78.8%, 47.7%,31.2%, and 12.5% in the high-risk group.

DISCUSSION

EHR of HCC is a well-known predictive marker of poor survival outcomes, and EHR
after surgical resection of HCC is deemed to be a pivotal factor for grave prognosis 7.9
17.18] In this large-scale 15-year observational study conducted at two academic tertiary
hospitals, EHR and early EHR occurred in 17.5% and 9.5% of 779 patients with HCC,
respectively. Patients with early EHR had a rapid recurrence of HCC after surgical
resection and poor survival outcomes. Furthermore, we elucidated the potential risk
factors for early EHR after curative surgical resection of HCC.

Since the proportion of IHR cases is higher than that of EHR cases after surgical
resection of HCC, previous studies have analyzed various risk factors associated with
IHR alone, previous studies have analyzed various risk factors associated with IHR.
Portolani ef al examined the early and late recurrence of HCC after liver resection and
showed that the survival rates in the early recurrence group were significantly lower
than those in the late recurrence group (25.7% vs. 4.5% at 5 years) ['9l. Moreover, similar
results were demonstrated in a large-scale multicenter study conducted in China by
Yan et al comprising 1,426 patients, where patients in the early recurrence group
showed poor post-recurrence survival (13.5 vs. 36.6 mo, p<0.001)/2°l. Furthermore, Yang
et al stated that recurrent HCC cases with multicentric recurrence may have had greater

survival than intrahepatic metastasis cases 21. In contrast, Byeon et al compared the




outcomes of 111 patients with IHR and 41 patients with EHR who had undergone
surgical resection for HCC and found that patients in the EHR group showed
significantly lower 5-year survival rates than those in the IHR group (21.5% vs. 36.3%,
p<0.001) [22I. Considering the non-negligible rates of EHR after surgical resection of
HCC and the dismal prognosis of patients with EHR, risk stratification and prediction
of early EHR may have been of great importance in improving the clinical outcome.

In 52.7% of the patients with early EHR, EHR was the first recurrence of HCC after
surgical resection (Supplementary Table 3), and both interval to first recurrence and
EHR were significantly shorter in the early EHR group compared with that in the non-
early EHR group (5.2 vs. 21.6 mo, p<0.001; and 8.81 vs. 58.57 mo, p<0.001). Moreover, a
higher proportion of patients with early EHR showed an advanced stage at first
recurrence (mUICC stage 23, 75.7% vs 38.7%, p<0.001), and 43.2% of patients had no
intrahepatic HCC (mUICC T stage 0) at EHR. This suggests that EHR may occur within
a very short interval after surgical resection of HCC with an advanced tumor stage
while intrahepatic HCC is not exhibited. Considering the aggressive nature of the
tumors in patients with early EHR, adjuvant therapy after surgical resection or
meticulous postoperative surveillance may be highly required in a specific group of
patients to prompt detection of EHR. In addition, with respect to the high proportion of
patients with EHR as their first recurrence (52.7%), pre- and/or peri-operative factors
are considered to play critical roles in predicting early EHR.

Among the severg] factors associated with early EHR, serum albumin <4.0 g/dL,
serum ALP >100 U/L, surgical margin involvement, venous and/or lymphatic
involvement, satellite nodules, tumor necrosis, tumor size 27 cm, and the presence of
macrovascular invasion confirmed on radiologic examination were identified as risk
factors related to early EHR, as determined by multivariate Cox regression analysis
(Table 3). The concentrations of albumin and/or ALP alone or in combination with
other parameters have been proposed as useful markers for predicting recurrence after
surgical removal of HCC in previous studies [2320]. Li ef al showed the prognostic value

of the albumin-to-ALP ratio in patients with HCC who received liver transplants 127],




whereas Yu et al determined ALP concentration as an independent factor influencing
disease-free survival and overall survival that aids in the prediction of recurrence in
high-risk patients with HCC 2. Additionally, involvement of the surgical margins was
related to poor clinical outcomes, as shown by a previous study [28] and a meta-analysis
conducted by Zhong et al [2], which is consistent with the findings of our study. Chen et
al reported a poorer prognosis related to microvascular invasion in solitary small HCC
in their meta-analysis 3], while Hasegawa et al reported the association between
lymphatic system involvement and patient survival after surgical resection of HCC,
which are consistent with our findings Bll. In a large-scale study of 734 patients who
underwent surgery for HCC, satellite nodules, tumor size (>5 cm), and the presence of
macrovascular invasion were closely related to late recurrence of HCC in multivariate
analysis (HR, 1.59, 1.49, and 4.63, respectively), and these findings are concordant with
our study 2. A recent study by Wei et al reported that tumor necrosis was associated
with the prognosis of patients undergoing surgery for HCC with regard to overall
survival and RFS and advanced tumor characteristics 1%, and Ling et al also reported
tumor necrosis as a potential parameter of the aggressiveness of HCC 3. Concordant
with these previous study results, our study also demonstrated a significant association
between tumor necrosis and early EHR.

In addition, we analyzed multiple factors associated with overall survival after
surgical resection of HCC and identified that serum albumin <4.0 g/dL, serum ALP
>100 U/L, major Edmondson-Steiner grade >3, pathological mUICC stage III or IVa,
satellite nodules, tumor necrosis, and early EHR were related to survival (Table 4). Most
risk factors exhibited similar results in the multivariate analysis of factors associated
with early EHR (serum albumin <4.0 g/dL, serum ALP >100 U/L, satellite nodules, and
tumor necrosis). The Edmondson-Steiner grade has been previously reported as a
crucial predictor of recurrence and survival by Zhou et al Bland Martins-Filho et al B2,
and our study also showed poor survival outcomes in patients with major Edmondson-

Steiner grade >3. Finally, early EHR showed a significant association with poor survival




and increased the risk of death more than six times (HR, 6.77; 95%CI, 4.81-9.52;
p<0.001).

The cumulative rates of first recurrence and overall survival were correlated with
the development of EHR and the interval to EHR (Figure 1). In particular, patients with
early EHR showed substantially worse survival outcomes (HR, 6.77; 95%ClI, 4.81-9.52;
p<0.001). Furthermore, considering the heterogeneity of patient characteristics
regarding the tumor nature, degree of liver cirrhosis, and diverse disease courses after
surgical resection, predictive markers of early EHR within 2 years after surgical
resection with preoperative and/or operative factors may well reflect the initial state of
the tumor.

We categorized the patients by the number of eight risk factors associated with
early EHR and assessed the probability rates of EHR and overall survival. As
demonstrated in Figure 2, there was a significant relationship between the number of
the risk factors and the cumulative rates of both EHR and overall survival (p<0.001). For
a simple and intuEve predictive model of EHR, we subgrouped the patients into three
categories: a low-risk group with 0-1 risk factor, an intermediate-risk group with 2-3
risk factors, and a high-risk group with >4 risk factors. The rates of both EHR and
survival showed a substantial correlation with these risk stratifications. Hence, the
prediction of early EHR after surgical resection of HCC may be regarded as essential,
especially for high-risk patients.

Our study had several limitations. First, this study was retrospective and included
patients with heterogenous clinical courses and outcomes. The postoperative
surveillance methods, schedule, and treatment methods for recurrence of HCC were not
fully standardized. To minimize the potential bias owing to the design of this study, we
strived to enroll a large number of patients in multiple tertiary academic hospitals.
Furthermore, the fact that more than half of the patients (52.7%) developed EHR as their
first recurrence highlighted the importance of preoperative and operative factors.
Second, although pathological confirmation of EHR was performed for a few patients,

most instances of EHR were solely identified at the physician’s discretion using imaging




diagnostic modalities. Finally, owing to patient geographic characteristics, the majority
of patients had chronic hepatitis B as the etiology of liver cirrhosis and HCC. Further
studies are warranted to investigate characteristics and risk factors for early EHR in
patients with diverse chronic hepatitis by using a standardized study protocol.
Especially, the use of radiomic tumor features for the prediction of recurrence after
HCC treatment can be considered as an additional tool for prompt detection of early
EHR [35 361, Using an accurate tool for the prediction of early EHR, the prognosis of
patients with a high risk of early EHR may be improved with the utilization of

adjunctive post-operative therapy.

CONCLUSION

Patients with early EHR showed rapid recurrence of HCC after surgical resection and
significantly worse survival outcomes. . We derived several risk factors associated with
early EHR and the numbers of risk factors correlated with not only with cumulative
rates of EHR but also with survival rates. In terms of poor prognosis associated with
early EHR, patients who undergo surgical resection for HCC can be stratified by the
risk of EHR with our model, and meticulous postoperative surveillance and adjuvant

therapies may be required for timely EHR detection and positive clinical outcomes.
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