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Background: Therapeutic strategies and good prognostic factors are important for
patients with single large hepatocellular carcinoma (HCC). This retrospective study aimed
to identify the prognostic factors in patients with single large HCC with good performance
status and Child-Pugh A cirrhosis using a large national cancer registry database and to
recommend therapeutic strategies.

Methods: Among 12139 HCC patients registered at the Korean Primary Liver Cancer
Registry between 2008 and 2015, single large (≥ 5 cm) HCC patients with Eastern
Cooperative Oncology Group (ECOG) performance status 0 and Child-Pugh score A
were selected.

Results: Overall, 466 patients were analyzed. The 1-,2-,3-, and 5-year survival rates after
initial treatment were 84.9%, 71.0%, 60.1%, and 51.6%, respectively, and progression-
free survival rates were 43.6%, 33.0%, 29.0%, and 26.8%, respectively. Platelet count
< 100 × 109/L (P < 0.001), sodium level < 135 mmol/L (P = 0.002), maximum tumor
diameter ≥ 10 cm (P = 0.001), and treatment other than resection (transarterial therapy vs.
resection: P < 0.001, others vs. resection: P = 0.002) were significantly associated with
poorer overall survival; sodium < 135 mmol/L (P = 0.015), maximum tumor diameter
≥ 10 cm (P < 0.001), and treatment other than resection (transarterial therapy vs.
resection: P < 0.001, others vs. resection: P = 0.001) were independently associated
with poorer progression-free survival.

Conclusion: Resection as an initial treatment should be considered when possible, even
in patients with single large HCCwith good performance status andmild cirrhosis. Caution
should be exercised in patients with low platelet level (< 100 × 109/L), low serum sodium
level (< 135 mmol/L), and maximum tumor diameter ≥ 10 cm.
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INTRODUCTION

Surveillance programs for detecting hepatocellular carcinoma
(HCC) vary with each country depending on the prevalence of
HCC. Since hepatitis B virus is endemic to Korea and Japan, the
prevalence of HCC is high. The recommended surveillance
programs for HCC detection include liver ultrasonography and
monitoring serum alpha-fetoprotein (AFP) levels (1, 2). However,
despite surveillance programs, the proportion of diagnosis of large
HCC is still substantial (3). When treating HCC, tumor factors
including number, size, and aggressiveness, together with
underlying liver function and performance status should be
considered. Liver resection can be considered as the first-line
treatment in patients with single HCC confined to the liver
without cirrhosis in cases where the residual liver function is
expected to be sufficient even with cirrhosis (4–6). The most recent
version of the combined American Joint Committee on Cancer
(AJCC)/Union for International Cancer Control (UICC) TNM
staging system from 2017 states that patients with multiple tumors,
any of which are > 5 cm, are categorized as T3 (7). Previous studies
have reported that although the 5-year survival was similar in
patients with and without cirrhosis who had single HCC ≤ 5 cm, it
was worse in patients with cirrhosis with HCC > 5 cm (8).
However, recent studies demonstrated that microvascular
invasion was not observed in about one-third of patients with
tumor size > 10 cm and positive outcomes were reported after
resection in these patients; thus, resection should not be considered
based on solely the size of the tumor (3, 9). However, these studies
had limitations, such as small sample sizes, lack of comparison
groups, and/or selection bias. Moreover, treatment for single large
(≥ 5 cm) HCCs is still debated, with limited data available.

This study aimed to identify prognostic factors for single large
HCC using a large, nationwide cancer registry database. To focus
on the effectiveness of resection and to minimize selection bias,
we restricted the cohort to patients with Child-Pugh class A and
an Eastern Cooperat ive Oncology Group (ECOG)
PERFORMANCE STATUS OF 0.
MATERIALS AND METHODS

Patients and Methods
The present study was approved by the Institutional Review Board
of the Seoul National University Hospital (IRB No. 2101-088-
1189). Due to the retrospective nature of the study, the requirement
for patient consent was waived. The study population was obtained
from the Korean Primary Liver Cancer Registry (KPLCR), which
represents a national, random sample of approximately 15% of
patients registered in the Korean Central Cancer Registry (KCCR).
Considering that KCCR accounts for more than 95% of all cancer
cases in Korea, the KPLCR represents a group of patients with
newly diagnosed HCC. The following data were obtained from the
KPLCR database: age, sex, height, weight, smoking history, alcohol
history, medical history of diabetes and hypertension, underlying
liver disease, performance status, Child-Pugh score, Model for End-
Stage Liver Disease (MELD) score, laboratory results, including
Frontiers in Oncology | www.frontiersin.org 2
AFP and proteins induced by vitamin K absence-II (PIVKA-II),
diagnosis date, tumor number, maximum size, macrovascular
invasion, distant metastasis, initial treatment modality and date,
secondary treatment modality and date, and survival outcome.

Figure 1 shows the flowchart for the selection of study
population. Between 2008 and 2015, 12139 liver tumor patients
were registered in the KPLCR from 54 hospitals. The potential
cohort included all the patients registered under KPLCR, except
those without a follow-up or missing treatment dates. Of these,
1457 patients had single large (≥ 5 cm) HCCs. Patients with distant
metastasis or macrovascular invasion were excluded from the study.
Furthermore, patients with ECOG performance status other than 0
and Child-Pugh grade other than grade A were also excluded.
Finally, 466 patients were included in the study. The duration of
survival was measured from the date of initial treatment to the date
of death or the last follow-up date. The duration of progression-free
survival was measured from the initial treatment date to the second
or last follow-up date. The cut-off values of continuous variables
were selected considering previous publications.

Statistical Analysis
Results are expressed as mean ± standard deviation or median
(range) for continuous data and as numbers with percentages for
categorical data. Survival and progression-free survival were
calculated using the Kaplan-Meier method and compared
using the log-rank test. Multivariate Cox proportional hazards
regression with backward selection was used to determine the
effect of statistically significant variables in the univariate
analysis. A P-value of < 0.05 was considered significant.
Statistical analysis was performed using the SPSS software
(version 25; SPSS Inc., Chicago, IL, USA).
RESULTS

Baseline Characteristics
There were 466 HCC patients with single and large (≥ 5 cm)
tumors with Child A, performance status of 0, but without
distant metastasis and macrovascular invasion. Table 1
summarizes the demographic characteristics of these patients.
The mean age was 61.3 years, and the mean body mass index
(BMI) was 24.0 kg/m2. More than half of the patients (56.0%)
tested positive for hepatitis B surface antigen. The mean Child-
Pugh score was 5.2, whereas all the patients were Child grade A
according to the selection criteria of this study. The mean platelet
count was 201.9 × 109/L, and the mean total bilirubin level was
0.8 mg/dL. The median serum AFP was 34.6 ng/mL (0.4-
200000.0) and median PIVKA-II was 936.0 mAU/mL (5.0-
95926.0). The most common initial treatment modality was
resection (52.8%), followed by transarterial therapy, most of
which was transarterial chemoembolization (TACE) (43.8%).

Overall Survival Rates and Progression-
Free Survival Rates
Kaplan-Meier analysis showed that the 1-,2-,3-, and 5-year
survival rates after initial treatment were 84.9%, 71.0%, 60.1%,
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and 51.6%, respectively (Figure 2A), and the 1-,2-,3-, and 5-year
progression-free survival rates were 43.6%, 33.0%, 29.0%, and
26.8%, respectively (Figure 2B). The 1-,2-,3-, and 5-year survival
Frontiers in Oncology | www.frontiersin.org 3
rates after resection were 92.6%, 81.1%, 73.7%, and 65.6%, and
the 1-,2-,3-, and 5-year progression-free survival rates were
62.8%, 50.0%, 45.0%, and 43.2%, respectively.
FIGURE 1 | Flowsheet of the enrolled patients.
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Factors Affecting Overall Survival and
Progression-Free Survival
Univariate analysis showed that the Child-Pugh score, MELD
score, platelet count, total bilirubin, serum albumin, sodium,
maximum tumor diameter, and initial treatment modality were
Frontiers in Oncology | www.frontiersin.org 4
associated with survival rate (Table 2). Among these factors,
platelet count < 100 × 109/L (P < 0.001), sodium level < 135
mmol/L (P = 0.002), maximum tumor diameter ≥ 10 cm (P =
0.001), and treatment other than resection (transarterial therapy
vs. resection, P < 0.001; others vs. resection, P = 0.002) (Figure
3A) were significantly associated with poorer overall survival.

Another univariate analysis identified that hepatitis C
virus infection as an underlying liver disease (P = 0.037),
Child-Pugh score 6 (P = 0.001), platelet count < 100 × 109/L
(P < 0.001), serum albumin < 3.5 g/dL (P = 0.007), sodium level <
135 mmol/L (P < 0.001), PIVKA-II level ≥ 1000 mAU/mL (P =
0.008), maximum tumor diameter ≥ 10 cm (P < 0.001), and
initial treatment other than resection (P < 0.001) were associated
with poorer progression-free survival after initial treatment.
Multivariate analysis revealed that sodium < 135 mmol/L
(P = 0.015), maximum tumor diameter ≥ 10 cm (P < 0.001),
and treatment other than resection (transarterial therapy vs.
resection, P < 0.001; others vs. resection, P = 0.001) (Figure 3B)
were independently associated with poorer progression-
free survival.
DISCUSSION

Liver resection is widely recognized as the first-line treatment in
patients with HCC when feasible, considering patient
performance status, remnant liver function, and tumor factors
(4–6). According to previous studies, liver resection in Child A
patients showed good results, with an average 5-year survival of
over 60% and long-term intrahepatic control rates of over 40%
(10, 11). The patients in our study had large HCC with
performance status 0 and Child A cirrhosis. Among them, 246
(52.8%) patients underwent resection, and showed similar 5-year
survival (65.6%) and progression-free survival (43.2%) rates.
This is in line with previous studies that demonstrated
comparable outcomes in large HCC patients and proposed
considering resection not based solely on tumor size (3, 9). Lin
et al. reported that Barcelona Clinic Liver Cancer (BCLC) stage
B, Child A showed better survival rates in patients who
underwent resection than in those who underwent TACE (12).
TABLE 1 | Demographic and clinical characteristics of the included patients.

Variables N = 466

Demographic variables
Age (year) 61.3 ± 11.9
Male: Female 388: 78
BMI (kg/m2) 24.0 ± 3.5
Smoking 214 (45.9)
Alcohol 149 (32.0)
Diabetes 118 (25.3)
Hypertension 184 (39.5)
Etiology

HBV* 261 (56.0)
HCV* 40 (8.6)
Non-B Non-C 156 (33.5)

Child-Pugh score 5.2 ± 0.4
MELD score 8.0 ± 2.0

Laboratory variable
Platelet count (109/L) 201.9 ± 85.3
Total bilirubin (mg/dL) 0.8 ± 0.4
Serum albumin (g/dL) 4.1 ± 0.5
Alanine aminotransferase (IU/L) 48.1 ± 55.7
Prothrombin time (INR) 1.1 ± 0.1
Creatinine (mg/dL) 1.0 ± 0.8
Sodium (mmol/L) 139.6 ± 3.2
Alpha-fetoprotein (ng/mL) 34.6 (0.4-200000.0)
PIVKA-II (mAU/mL) 936.0 (5.0- 95926.0)

Tumor variable
Maximum tumor diameter (cm) 8.0 ± 3.0

Treatment variable
Initial treatment

Resection 246 (52.8)
Transarterial therapy 204 (43.8)
Chemotherapy 8 (1.7)
Local ablative therapy 3 (0.6)
Radiation 3 (0.6)
Liver transplantation 2 (0.4)
*Four patients had underlying hepatitis B and C coinfections.
BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model for
End-Stage Liver Disease; PIVKA-II, protein induced by vitamin K absence-II.
A B

FIGURE 2 | Kaplan-Meier analysis of survival using the Korean Primary Liver Cancer Registry database. (A) Overall survival, (B) progression-free survival.
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TABLE 2 | Univariate and multivariate analyses of factors affecting overall survival and progression-free survival.

Demographic variables N = 466 Overall survival Progression-free survival

Univariate Multivariate Univariate Multivariate

P-value HR 95% CI P-value P-value HR 95% CI P-value

Age (year)
<60 203
≥60 263 0.233 0.186

Sex
Male 388
Female 78 0.091 0.500

BMI (kg/m2)
<25 296
≥25 159 0.216 0.059

Smoking
No 251
Yes 214 0.760 0.058

Alcohol
No 311
Yes 149 0.990 0.288

Diabetes
No 348
Yes 118 0.859 0.275

Hypertension
No 282
Yes 184 0.588 0.480

Etiology
HBV

No 195
Yes 261 0.481 0.312

HCV
No 400 Reference
Yes 40 0.058 0.037 – – 0.533

Child-Pugh score
5 368 Reference Reference
6 98 <0.001 – – 0.155 0.001 – – 0.214

MELD score
<9 333 Reference
≥9 128 0.033 – – 0.165 0.254

Laboratory variables
Platelet count (109/L)

<100 40 Reference Reference
≥100 425 <0.001 0.452 0.306-0.668 <0.001 <0.001 – – 0.484

Total bilirubin (mg/dL)
<1.2 386 Reference
≥1.2 50 0.010 – – 0.248 0.242

Serum albumin (g/dL)
<3.5 54 Reference Reference
≥3.5 412 0.008 – – 0.561 0.007 – – 0.101

Alanine aminotransferase (IU/L)
<50 338
≥50 127 0.845 0.482

Prothrombin time (INR)
<1.2 429 Reference
≥1.2 37 0.003 – – 0.162 0.308

Creatinine (mg/dL)
<1.0 300
≥1.0 164 0.607 0.721

Sodium (mmol/L)
<135 24 Reference Reference
≥135 438 <0.001 0.468 0.292-0.750 0.002 <0.001 0.477 0.263-0.864 0.015

Alpha-fetoprotein (ng/mL)
<1000 343
≥1000 102 0.075 0.604

PIVKA-II (mAU/mL)

(Continued)
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Several other recent studies showed survival benefit of resection
for BCLC stage B HCC (13–19). Hwang et al. demonstrated that
resection followed by active recurrence treatment improved
survival even in patients with HCC ≥ 10 cm (3). Multivariate
analysis in our study also showed that resection was associated
with significantly better survival and progression-free survival
than other treatments, most of which were transarterial therapy.

Although the outcomes of patients with single large (≥ 5 cm)
HCC who underwent resection as the initial treatment were
comparable with previous reports, multivariate analysis
demonstrated that a maximum tumor diameter ≥ 10 cm
showed poorer overall survival and progression-free survival
than a maximum tumor diameter < 10 cm. A recent study also
reported poorer 5-year overall survival and recurrence-free
survival in patients with huge HCC (≥ 10 cm) than in patients
with HCC < 10 cm and identified tumor size ≥ 10 cm as an
independent risk factor of initial extrahepatic recurrence.
Although this study does not contain any information on the
location or pattern of recurrence, it can be roughly inferred from
the second treatment. Out of the 466 patients, 266 (57.1%)
underwent a second treatment due to disease progression. Of
the 266 patients, more than half underwent transarterial
Frontiers in Oncology | www.frontiersin.org 6
treatment (64.7%) as the second treatment, followed by local
ablation (10.5%), chemotherapy (10.2%), resection (9.8%), and
radiation (4.9%). Considering the increased proportion of
chemotherapy and radiation in the second treatment compared
to the initial treatment, disease progression in our study may not
be limited to the liver.

Of the 204 patients who underwent transarterial treatment as
initial treatment, 22 underwent resection as a secondary
treatment. Considering that 13 of the 22 patients underwent
resection after transarterial treatment within 2 months, these
patients may have been intentionally treated with TACE before
surgery. Their overall survival was similar to that of patients who
underwent resection as initial treatment (P = 0.430) (Figure 4A),
suggesting that resection after transarterial therapy can be
another possible therapeutic option for patients with single
large HCC with tolerable liver function. This finding was
similar to that of other studies that show that resection after
TACE may be considered as an effective method in some
intermediate-stage HCC patients (20, 21).

Two patients underwent liver transplantation (LT) as initial
treatment. One patient with a maximum tumor diameter of
8 cm, AFP level of 5.3 ng/mL, and PIVKA-II 500 mAU/mL
A B

FIGURE 3 | Kaplan-Meier analysis of survival according to initial treatment modality. (A) Overall survival, (B) progression-free survival.
TABLE 2 | Continued

Demographic variables N = 466 Overall survival Progression-free survival

Univariate Multivariate Univariate Multivariate

P-value HR 95% CI P-value P-value HR 95% CI P-value

<1000 171 Reference
≥1000 166 0.450 0.008 – – 0.118

Tumor variables
Maximum tumor diameter (cm)

<10 367 Reference Reference
≥10 99 0.005 1.693 1.243-2.306 0.001 <0.001 1.891 1.369-2.611 <0.001

Treatment variable
Initial treatment <0.001 <0.001

Resection 246 Reference Reference
Transarterial therapy 204 2.167 1.623-2.893 <0.001 3.736 2.821-4.949 <0.001
Others 16 2.660 1.413-5.006 0.002 3.113 1.591-6.091 0.001
Ap
ril 2021 | Vol
ume 11 | Article
BMI, body mass index; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio; MELD, Model for End-Stage Liver Disease; PIVKA-II, protein induced by
vitamin K absence-II.
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survived 7.8 years after LT without recurrence until death.
Another patient with a maximum tumor diameter of 12 cm,
AFP level of 18 ng/mL, and PIVKA-II 19 mAU/mL died 1.2 years
after LT without recurrence until death. These patients must
have undergone LT as per the Milan criteria based on biologic
markers, such as AFP and PIVKA-II (22). However, due to the
small number of patients, the efficacy of LT in single large HCC
should be further studied using the national LT database.

Several studies have reported the association between
preoperative low platelet count and poor prognosis in different
kinds of cancer, including HCC (23, 24). Preoperative
thrombocytopenia was reported to be associated with overall
survival as well as recurrence-free survival in HCC patients (25–
28). Although the exact reason for poor outcome in HCC with low
platelet count needs to be studied further, one of the possible
explanations could be the frequent occurrence of thrombocytopenia
in cirrhotic patients with portal hypertension (29–32). Portal
hypertension reflects the severity of cirrhosis, which is a well-
known risk factor related to late recurrence in patients with HCC.
The mechanism of late recurrence can be explained by multicentric
recurrence in the remnant liver (31, 32). Regarding surgical
resection, liver fibrosis and significant portal hypertension are risk
factors for postoperative hepatic decompensation, which is a serious
complication after resection (30). According to our study,
multivariate analysis revealed that preoperative low platelet counts
significantly affected poor overall survival. Although the cohort in
the study included only patients with Child A, the low platelet count
among these patients still affected poor survival. However, even
though a low platelet count was associated with poor progression-
free survival in the univariate analysis, it was not statistically
significant in the multivariate analysis.

Hyponatremia due to splanchnic vasodilatation, which
reduces the effective circulating blood volume, is frequently
seen in cirrhotic patients (33–36). Serum sodium levels tend to
decrease as liver cirrhosis progresses (34–36). Several studies
have previously reported the prognostic role of serum sodium
levels in patients with HCC (33, 37). Min et al. reported that
sodium levels were an independent risk factor for post-TACE
acute hepatic failure (38). Nishikawa et al. analyzed 1170 HCC
patients with liver cirrhosis and revealed that serum sodium level
was independently associated with overall survival (33).
According to their study, 804 patients had Child A cirrhosis
Frontiers in Oncology | www.frontiersin.org 7
and 41 of them (5.1%) had serum sodium levels < 135 mmol/L.
In the present study, which included only Child A patients, 24
(5.2%) patients had hyponatremia (< 135 mmol/L). Similar to
previous reports, the present study also revealed that serum
sodium levels < 135 mmol/L were independently associated with
poor overall survival and progression-free survival.

When performing subgroup analysis limited to patients with
platelet count < 100 × 109/L, there was no significant difference
in survival between resection and transarterial therapy as initial
treatment (P = 0.688) (Figure 4B). Another subgroup analysis
limited to patients with serum sodium < 135 mmol/L also
showed no significant survival difference between resection and
transarterial therapy as initial treatment (P = 0.728) (Figure 4C).
The survival benefit of resection disappeared when the patients
had a low platelet count < 100 × 109/L or serum sodium level
< 135 mmol/L.

This study has several limitations that should be considered.
First, it was a retrospective study using a national registry
database that relied on the completeness of medical records.
There are risks of data loss and differences between centers with
regard to data recording. However, the patients in the KPLCR
were selected from the KCCR using the probability proportional
to size method to minimize selection bias, and thus became
representative of all Korean HCC patients. Second, in some
instances, relevant data, including comorbidities other than
smoking, alcohol history, and complications after treatment
were missing. Third, the database contains the date of initial
treatment and the date of the second treatment, which allowed
the calculation of disease progression-free survival. However,
recurrence-free survival could not be assessed because second
treatment does not entail recurrence. Moreover, data for
progression-free survival may be biased since the second
treatment date or the date of death as reference for progression
can be inappropriate and inaccurate considering the nationwide
retrospective nature of this study. Despite these limitations, a
notable strength of this study is that it is a large study using a
national registry database focused on single large HCC patients
with performance status 0 and Child A. There are only few
studies with sufficient sample size that have been analyzed in this
particular patient group.

The outcomes of single large HCC patients with Child A were
satisfactory, which is consistent with the results of previous
A B C

FIGURE 4 | Subgroup Kaplan-Meier analysis of overall survival. (A) Initial resection vs. resection after transarterial therapy, (B) resection vs. transarterial therapy in
patients with low platelet count < 100 × 109/L, (C) resection vs. transarterial therapy in patients with low serum sodium < 135 mmol/L.
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worldwide studies. Resection should be initially considered
whenever possible, and not dismissed based only on tumor
size. Patients with low serum sodium levels (< 135 mol/L) and
HCCs ≥ 10 cm had a higher risk of poor overall survival and
disease progression-free survival.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional Review Board of the Seoul National
University Hospital (IRB No. 2101-088-1189). Written informed
consent from the participants’ legal guardian/next of kin was not
required to participate in this study in accordance with the
Frontiers in Oncology | www.frontiersin.org 8
national legislation and the institutional requirements. Written
informed consent was not obtained from the minor(s)’ legal
guardian/next of kin for the publication of any potentially
identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS

SKH and K-WL made the concept and design. SKH, K-WL,
SYH, and SS acquired, analyzed, and interpreted the data. SKH
drafted the manuscript. SKH, K-WL, SYH, SS, KH, EH, J-ML,
YC, NY, and K-SS critically revised the manuscript for important
intellectual content. All authors contributed to the article and
approved the submitted version.
ACKNOWLEDGMENTS

The database used in this study was provided by the Korean
Central Cancer Registry, Ministry of Health and Welfare, South
Korea, and the Korean Liver Cancer Association.
REFERENCES

1. Korean Liver Cancer Study Group (KLCSG). National Cancer Center, Korea
(Ncc). 2014 KLCSG-NCC Korea Practice Guideline for the Management of
Hepatocellular Carcinoma. Gut Liver (2015) 9:267–317. doi: 10.5009/
gnl14460

2. Kokudo N, Makuuchi M. Evidence-Based Clinical Practice Guidelines for
Hepatocellular Carcinoma in Japan: The J-HCC Guidelines. J Gastroenterol
(2009) 44:119–21. doi: 10.1007/s00535-008-2244-z

3. Hwang S, Lee YJ, Kim KH, Ahn CS, Moon DB, Ha TY, et al. Long-Term
Outcome After Resection of Huge Hepatocellular Carcinoma ≥10 Cm: Single-
Institution Experience With 471 Patients. World J Surg (2015) 39:2519–28.
doi: 10.1007/s00268-015-3129-y

4. Poon RT, Fan ST, Lo CM, Ng IO, Liu CL, Lam CM, et al. Improving Survival
Results After Resection of Hepatocellular Carcinoma: A Prospective Study of
377 Patients Over 10 Years. Ann Surg (2001) 234:63–70. doi: 10.1097/
00000658-200107000-00010

5. Capussotti L, Muratore A, Massucco P, Ferrero A, Polastri R, Bouzari H.
Major Liver Resections for Hepatocellular Carcinoma on Cirrhosis: Early and
Long-Term Outcomes. Liver Transpl (2004) 10:64–8. doi: 10.1002/lt.20035

6. Lang H, Sotiropoulos GC, Dömland M, Frühauf NR, Paul A, Hüsing J, et al.
Liver Resection for Hepatocellular Carcinoma in non-Cirrhotic LiverWithout
Underlying Viral Hepatitis. Br J Surg (2005) 92:198–202. doi: 10.1002/
bjs.4763

7. AJCC. Ajcc Cancer Staging Manual. In: Eighth Edition Updates and
Corrections. New York: Springer (2017). Available at: www.cancerstaging.org.

8. Poon RT, Fan ST, Lo CM, Liu CL, Ng IO, Wong J. Long-Term Prognosis
After Resection of Hepatocellular Carcinoma Associated With Hepatitis B-
related Cirrhosis. J Clin Oncol (2000) 18:1094–101. doi: 10.1200/
JCO.2000.18.5.1094

9. Zhou YM, Li B, Xu DH, Yang JM. Safety and Efficacy of Partial Hepatectomy
for Huge (≥10 Cm) Hepatocellular Carcinoma: A Systematic Review.Med Sci
Monit (2011) 17:RA76–83. doi: 10.12659/msm.881443

10. Chen HY, Juan CC, Ker CG. Laparoscopic Liver Surgery for Patients With
Hepatocellular Carcinoma. Ann Surg Oncol (2008) 15:800–6. doi: 10.1245/
s10434-007-9749-1

11. Yin Z, Fan X, Ye H, Yin D, Wang J. Short- and Long-Term Outcomes After
Laparoscopic and Open Hepatectomy for Hepatocellular Carcinoma: A
Global Systematic Review and Meta-Analysis. Ann Surg Oncol (2013)
20:1203–15. doi: 10.1245/s10434-012-2705-8
12. Lin CT, Hsu KF, Chen TW, Yu JC, Chan DC, Yu CY, et al. Comparing
Hepatic Resection and Transarterial Chemoembolization for Barcelona Clinic
Liver Cancer (BCLC) Stage B Hepatocellular Carcinoma: Change for
Treatment of Choice? World J Surg (2010) 34:2155–61. doi: 10.1007/
s00268-010-0598-x

13. Zhong JH, Ke Y, Wang YY, Li LQ. Liver Resection for Patients With
Hepatocellular Carcinoma and Macrovascular Invasion, Multiple Tumours,
or Portal Hypertension. Gut (2015) 64:520–1. doi: 10.1136/gutjnl-2014-
308139

14. Lei JY, Zhong JJ, Yan LN, Zhu JQ, Wang WT, Zeng Y, et al. Response to
Transarterial Chemoembolization as a Selection Criterion for Resection of
Hepatocellular Carcinomas. Br J Surg (2016) 103:881–90. doi: 10.1002/
bjs.9864

15. Zhong JH, Ke Y, Gong WF, Xiang BD, Ma L, Ye XP, et al. Hepatic Resection
Associated With Good Survival for Selected Patients With Intermediate and
Advanced-Stage Hepatocellular Carcinoma. Ann Surg (2014) 260:329–40.
doi: 10.1097/SLA.0000000000000236

16. Vitale A, Burra P, Frigo AC, Trevisani F, Farinati F, Spolverato G, et al. Survival
Benefit of Liver Resection for Patients With Hepatocellular Carcinoma Across
Different Barcelona Clinic Liver Cancer Stages: A Multicentre Study. J Hepatol
(2015) 62:617–24. doi: 10.1016/j.jhep.2014.10.037

17. Yin L, Li H, Li AJ, Lau WY, Pan ZY, Lai EC, et al. Partial Hepatectomy vs.
Transcatheter Arterial Chemoembolization for Resectable Multiple
Hepatocellular Carcinoma Beyond Milan Criteria: A RCT. J Hepatol (2014)
61:82–8. doi: 10.1016/j.jhep.2014.03.012

18. Jianyong L, Lunan Y, Wentao W, Yong Z, Bo L, Tianfu W, et al. Barcelona
Clinic Liver Cancer Stage B Hepatocellular Carcinoma: Transarterial
Chemoembolization or Hepatic Resection? Medicine (2014) 93:e180.
doi: 10.1097/MD.0000000000000180

19. Kim H, Ahn SW, Hong SK, Yoon KC, Kim HS, Choi YR, et al. Survival Benefit
of Liver Resection for Barcelona Clinic Liver Cancer Stage B Hepatocellular
Carcinoma. Br J Surg (2017) 104:1045–52. doi: 10.1002/bjs.10541

20. Lee HS, Kim KM, Yoon JH, Lee TR, Suh KS, Lee KU, et al. Therapeutic
Efficacy of Transcatheter Arterial Chemoembolization as Compared With
Hepatic Resection in Hepatocellular Carcinoma Patients With
Compensated Liver Function in a Hepatitis B Virus-Endemic Area: A
Prospective Cohort Study. J Clin Oncol (2002) 20:4459–65. doi: 10.1200/
JCO.2002.02.013

21. Chen J, Lai L, Lin Q, Huang W, Cai M, Zhu K, et al. Hepatic Resection After
Transarterial Chemoembolization Increases Overall Survival in Large/
April 2021 | Volume 11 | Article 674603

https://doi.org/10.5009/gnl14460
https://doi.org/10.5009/gnl14460
https://doi.org/10.1007/s00535-008-2244-z
https://doi.org/10.1007/s00268-015-3129-y
https://doi.org/10.1097/00000658-200107000-00010
https://doi.org/10.1097/00000658-200107000-00010
https://doi.org/10.1002/lt.20035
https://doi.org/10.1002/bjs.4763
https://doi.org/10.1002/bjs.4763
http://www.cancerstaging.org
https://doi.org/10.1200/JCO.2000.18.5.1094
https://doi.org/10.1200/JCO.2000.18.5.1094
https://doi.org/10.12659/msm.881443
https://doi.org/10.1245/s10434-007-9749-1
https://doi.org/10.1245/s10434-007-9749-1
https://doi.org/10.1245/s10434-012-2705-8
https://doi.org/10.1007/s00268-010-0598-x
https://doi.org/10.1007/s00268-010-0598-x
https://doi.org/10.1136/gutjnl-2014-308139
https://doi.org/10.1136/gutjnl-2014-308139
https://doi.org/10.1002/bjs.9864
https://doi.org/10.1002/bjs.9864
https://doi.org/10.1097/SLA.0000000000000236
https://doi.org/10.1016/j.jhep.2014.10.037
https://doi.org/10.1016/j.jhep.2014.03.012
https://doi.org/10.1097/MD.0000000000000180
https://doi.org/10.1002/bjs.10541
https://doi.org/10.1200/JCO.2002.02.013
https://doi.org/10.1200/JCO.2002.02.013
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hong et al. Resection for Single Large HCC
Multifocal Hepatocellular Carcinoma: A Retrospective Cohort Study.
Oncotarget (2017) 8:408–17. doi: 10.18632/oncotarget.13427

22. Hong SK, Lee KW, Kim HS, Yoon KC, Yi NJ, Suh KS. Living Donor Liver
Transplantation for Hepatocellular Carcinoma in Seoul National University.
HepatoBiliary Surg Nutr (2016) 5:453–60. doi: 10.21037/hbsn.2016.08.07

23. Buergy D, Wenz F, Groden C, Brockmann MA. Tumor-Platelet Interaction in
Solid Tumors. Int J Cancer (2012) 130:2747–60. doi: 10.1002/ijc.27441

24. Levin J, Conley CL. Thrombocytosis Associated With Malignant Disease. Arch
Intern Med (1964) 114:497–500. doi: 10.1001/archinte.1964.03860100079008

25. Ozcelik F, Yiginer O, Özgün A. Relationship Between Thrombocytopenia and
Extrahepatic Metastasis of Hepatocellular Carcinoma: A Different Perspective.
Liver Int (2016) 36:614. doi: 10.1111/liv.13062

26. Amano H, Tashiro H, Oshita A, Kobayashi T, Tanimoto Y, Kuroda S, et al.
Significance of Platelet Count in the Outcomes of Hepatectomized Patients
With Hepatocellular Carcinoma Exceeding the Milan Criteria. J Gastrointest
Surg (2011) 15:1173–81. doi: 10.1007/s11605-011-1538-2

27. Khorana AA, Francis CW, Culakova E, Lyman GH. Risk Factors for
Chemotherapy-Associated Venous Thromboembolism in a Prospective
Observational Study. Cancer (2005) 104:2822–9. doi: 10.1002/cncr.21496

28. Simanek R, Vormittag R, Ay C, Alguel G, Dunkler D, Schwarzinger I, et al.
High Platelet Count Associated With Venous Thromboembolism in Cancer
Patients: Results From the Vienna Cancer and Thrombosis Study (Cats).
J Thromb Haemost (2010) 8:114–20. doi: 10.1111/j.1538-7836.2009.03680.x

29. Cheng Z, Yang P, Qu S, Zhou J, Yang J, Yang X, et al. Risk Factors and
Management for Early and Late Intrahepatic Recurrence of Solitary
Hepatocellular Carcinoma After Curative Resection. HPB (2015) 17:422–7.
doi: 10.1111/hpb.12367

30. Rajakannu M, Cherqui D, Ciacio O, Golse N, Pittau G, Allard MA, et al. Liver
Stiffness Measurement by Transient Elastography Predicts Late Posthepatectomy
Outcomes in Patients Undergoing Resection for Hepatocellular Carcinoma.
Surgery (2017) 162:766–74. doi: 10.1016/j.surg.2017.06.006

31. Du ZG, Wei YG, Chen KF, Li B. Risk Factors Associated With Early and Late
Recurrence After Curative Resection of Hepatocellular Carcinoma: A Single
Institution’s Experience With 398 Consecutive Patients. Hepatobiliary
Pancreat Dis Int (2014) 13:153–61. doi: 10.1016/s1499-3872(14)60025-4
Frontiers in Oncology | www.frontiersin.org 9
32. Jung KS, Kim JH, Kim SU, Song K, Kim BK, Park JY, et al. Liver Stiffness
Value-Based Risk Estimation of Late Recurrence After Curative Resection of
Hepatocellular Carcinoma: Development and Validation of a Predictive
Model. PloS One (2014) 9:e99167. doi: 10.1371/journal.pone.0099167

33. Nishikawa H, Kita R, Kimura T, Ohara Y, Sakamoto A, Saito S, et al.
Hyponatremia in Hepatocellular Carcinoma Complicating With Cirrhosis.
J Cancer (2015) 6:482–9. doi: 10.7150/jca.11665

34. Ginès P, Guevara M. Hyponatremia in Cirrhosis: Pathogenesis, Clinical
Significance, and Management. Hepatology (2008) 48:1002–10. doi: 10.1002/
hep.22418

35. Gianotti RJ, Cardenas A. Hyponatraemia and Cirrhosis. Gastroenterol Rep
(2014) 2:21–6. doi: 10.1093/gastro/got037

36. Yu C, Sharma N, Saab S. Hyponatremia: Clinical Associations, Prognosis, and
Treatment in Cirrhosis. Exp Clin Transplant (2013) 11:3–11. doi: 10.6002/
ect.2012.0147

37. Biolato M, Miele L, Vero V, Racco S, Di Stasi C, Iezzi R, et al. Hepatocellular
Carcinoma Treated by Conventional Transarterial Chemoembolization in
Field-Practice: Serum Sodium Predicts Survival. World J Gastroenterol (2014)
20:8158–65. doi: 10.3748/wjg.v20.i25.8158

38. Min YW, Kim J, Kim S, Sung YK, Lee JH, Gwak GY, et al. Risk Factors and a
Predictive Model for Acute Hepatic Failure After Transcatheter Arterial
Chemoembolization in Patients With Hepatocellular Carcinoma. Liver Int
(2013) 33:197–202. doi: 10.1111/liv.12023

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Hong, Lee, Hong, Suh, Hong, Han, Lee, Choi, Yi and Suh. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
April 2021 | Volume 11 | Article 674603

https://doi.org/10.18632/oncotarget.13427
https://doi.org/10.21037/hbsn.2016.08.07
https://doi.org/10.1002/ijc.27441
https://doi.org/10.1001/archinte.1964.03860100079008
https://doi.org/10.1111/liv.13062
https://doi.org/10.1007/s11605-011-1538-2
https://doi.org/10.1002/cncr.21496
https://doi.org/10.1111/j.1538-7836.2009.03680.x
https://doi.org/10.1111/hpb.12367
https://doi.org/10.1016/j.surg.2017.06.006
https://doi.org/10.1016/s1499-3872(14)60025-4
https://doi.org/10.1371/journal.pone.0099167
https://doi.org/10.7150/jca.11665
https://doi.org/10.1002/hep.22418
https://doi.org/10.1002/hep.22418
https://doi.org/10.1093/gastro/got037
https://doi.org/10.6002/ect.2012.0147
https://doi.org/10.6002/ect.2012.0147
https://doi.org/10.3748/wjg.v20.i25.8158
https://doi.org/10.1111/liv.12023
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Efficacy of Liver Resection for Single Large Hepatocellular Carcinoma in Child-Pugh A Cirrhosis: Analysis of a Nationwide Cancer Registry Database
	Introduction
	Materials and Methods
	Patients and Methods
	Statistical Analysis

	Results
	Baseline Characteristics
	Overall Survival Rates and Progression-Free Survival Rates
	Factors Affecting Overall Survival and Progression-Free Survival

	Discussion
	Data Availability Statement 
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


