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Introduction

The incidence of hepatocellular carcinoma (HCC) 
becomes more frequent worldwide, with a 75% increase 
in the newly diagnosed cases from 1990 to 2015. It has 
been predicted that by 2030, HCC may become the third 
leading cause of cancer-related deaths in the USA (1). 
The recommendations for the first-line treatment of early 
HCC include liver resection, transplantation or ablation. 
The first-line therapy for intermediate stages of HCC 

is transarterial chemoembolization (TACE), which can 
improve two-year survival outcomes. In advanced HCC 
with the tumor invading blood vessels and metastasizing to 
regional lymph nodes or distant organs, molecular-targeted 
drugs (sorafenib or lenvatinib) are recommended as the 
treatment of choice, which can extend the survival of the 
patients by up to 4 months (1,2). 

Drug-eluting beads, as a new embolic material, have 
been developed. The drug-eluting beads may reduce 
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complications of the TACE and prolong the progress-free 
survival but not overall survival (OS) (3,4). However, some 
studies have documented that patients with intermediate 
HCC may have better survival after surgery than TACE  
(5-7). A prospective randomized controlled trial (RCT) 
showed that the 1-, 2-, and 3-year OS rates of patients with 
resectable multiple HCC outside of Milan Criteria who 
received surgery were higher than that those of patients 
treated with TACE (P<0.001) (5). Another meta-analysis 
indicated that patients with intermediate-advanced HCC 
(Barcelona Clinic Liver Cancer, BCLC B/C) who were 
treated by surgery experienced greater survival benefit than 
those who received TACE therapy. In fact, all patients in 
the surgery group had longer OS than patients in the TACE 
group (P<0.001) (8). However, these studies had certain 
limitations. An insufficient number of patients were included 
in both investigations, and the meta-analysis included only 
one RCT, which might have led to a low level of evidence. 
The operation and surgery rate of patients are still unclear.

In view of these uncertainties, the present population-
based study aimed to analyze the trends of operation 
(including surgery, transplantation, and ablation) and 
surgery, and to identify the optimal type of treatment 
for patients with different subgroups. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-21-1551/rc).

Methods

Study cohort

Using Surveillance, Epidemiology, and End Results Program 
(SEER) 18 registries database, patients, 35–84 years old, 
diagnosed with HCC [International Classification of 
Diseases for Oncology, Third Edition (ICD-O-3), histology 
code 8170-8175, site code C220 (liver)] between 2004 and 
2015 were included. Patients for which the information on 
whether they received operation was not available, were 
excluded. This study was conducted in accordance with 
the Helsinki Declaration (as revised in 2013). The college 
ethics committee approved the retrospective study. The 
requirement to obtain informed consent was waived by the 
institutional review board due to population-based study.

Statistical analysis

The patients’ information was extracted from the SEER 

database using the SEER*Stat software (version 8.3.5). 
Temporal trend of the rates of operation, surgery and non-
operation for the treatment of HCC was estimated using 
Cochran-Armitage test (9). Median overall survival (mOS) 
was determined using Kaplan-Meier survival curves and 
was compared by log-rank test (10). The prognostic factors 
for all patients and the surgery group were assessed by Cox 
proportional hazards model (11). 

The characteristics of gender, ethnicity, age of diagnosis, 
year of diagnosis, tumor status, American Joint Committee 
on Cancer (AJCC) stage, tumor size, tumor numbers, 
whether they received radiotherapy and whether they 
received chemotherapy were included into propensity score 
matching (PSM) analysis. The optimal caliper was set as 
0.00001 and 9,436 pairs of were matched by 1:1 nearest 
neighbor approach. All statistical tests were two-sided, and 
the α level of P<0.05 was considered statistically significant. 
SPSS v24.0 (IBM, Chicago, IL, USA) and SAS 9.4 statistical 
software (SAS Institute, Cary, NC, USA) were used to 
perform all statistical analyses.

Definitions of tumor status

Localized tumor is defined as the tumor is confined to 
the liver and does not invade regional lymph nodes or 
metastases to distant tissue. Regional tumor is defined as the 
tumor invades the regional tissue. Distant tumor is defined 
as the tumor metastases to distant organs or invades distant 
lymph nodes.

Results

A total of 64,019 patients were included, including 15,746 
who received operation, and 48,273 who did not receive 
operation. 

For the survival analysis, patients with survival months 
code 0 (contact lost after diagnosis) and 9999 (unknown 
length of survival month) and patients with transplantation 
were excluded, leaving 52,338 patients in this part of the 
study. After PSM, a total of 18,872 patients were included 
into survival analysis. Among them, 9,436 patients received 
operation treatment and 9,436 patients received non-
operation treatment. The baseline characteristics of 
patients before PSM and after PSM in the two groups were 
compared (Table 1). 

To determine whether patients could gain an additional 
survival benefit from surgery, the patients were divided 
into seven groups (group A–G) based on the BCLC stage A 

https://tcr.amegroups.com/article/view/10.21037/tcr-21-1551/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-21-1551/rc
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Table 1 Characteristics of patients before PSM and after PSM

Characteristics

Before PSM (N=52,338) After PSM (N=18,872)

Operation 
(N=12,348)

Non-operation 
(N=39,990)

P value
Operation 
(N=9,436)

Non-operation 
(N=9,436)

P value

Gender <0.001 0.729

Male 9,180 31,292 7,272 7,292

Female 3,168 8,698 2,164 2,144

Ethnicity <0.001 0.633

White 7,888 27,555 6,657 6,604

Black 1,452 5,771 1,071 1,108

Other 3,008 6,664 1,708 1,724

Age of diagnosis <0.001 0.808

35–44 340 794 162 146

45–54 1,905 6,873 1,499 1,484

55–64 4,765 15,334 3,740 3,751

≥65 5,338 16,989 4,035 4,055

Year of diagnosis <0.001 0.942

2004–2007 3,406 9,217 2,581 2,560

2008–2011 3,869 13,689 2,949 2,961

2012–2015 5,073 17,084 3,906 3,915

Tumor status <0.001 0.981

Localized 9,450 17,475 6,902 6,907

Regional 2,225 12,126 1,946 1,945

Distant 360 6,558 303 294

Unknown 313 3,831 285 290

AJCC stage <0.001 0.980

I 6,808 11,220 4,959 4,973

II 2,900 6,227 2,188 2,167

III 1,604 9,033 1,384 1,371

IV 297 6,313 271 274

Unknown 739 7,197 634 651

Tumor size (cm) <0.001 0.983

≤5 8,062 16,535 6,110 6,116

5–7 1,455 5,209 1,085 1,062

7–9 717 3,376 519 529

>9 1,336 6,038 1,018 1,017

Unknown 778 8,832 704 712

Table 1 (continued)
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and B. Group A included patients with a single tumor size 
smaller than 5 cm. Group B included patients with a single 
tumor larger than 5 cm but no more than 7 cm. Group C 
included patients with a single tumor larger than 7 cm but 
no more than 9 cm. Group D included patients with a single 
tumor larger than 9 cm. Group E included patients with  
2–3 tumors no more than 3 cm. Group F included patients 
with 2–3 tumors larger than 3 cm. Group G included 
patients with multiple tumors (>3 tumors) (Figure 1).

Trends of operation and surgery on HCC

The trends of operation rate increased in localized, regional 
and distant group (all P<0.001). (Figure 2A). For surgery, 
the frequencies and trends in localized (P=0.016), regional 
(P=0.009), distant group (P=0.018) declined with time 
(Figure 2B). For patients without operation treatment, the 
non-operation rate in the localized, regional and distant 
group increased (all P<0.001) (Figure 2C). 

mOS in all patients and the subgroups

After PSM, the mOS of patients in the surgery group  
(45 months, 95% CI: 42.4–47.6) was longer than that in 
the non-surgical procedure group (32 months, 95% CI: 

31.1–32.9, P<0.001), which was longer than that in the non-
operation group (12 months, 95% CI: 11.7–12.3), P<0.001) 
(Figure 3). The mOS of patients in localized group receiving 
surgery (59 months, 95% CI: 54.8–63.2) was longer than 
that of patients with non-surgical procedure (38 months, 
95% CI: 36.1–39.9, P<0.001), which was longer than 
patients with non-operation (16 months, 95% CI: 15.3–
16.7, P<0.001) (Figure 4A). Similar results were presented 
in reginal, distant and unknown stage groups. In reginal 
group, the mOS of patients with surgery (23 months, 95% 
CI: 19.9–26.1) was longer than patients with non-surgical 
procedure (22 months, 95% CI: 20.1–23.9, P=0.031), 
which was longer than patients in the non-operation  
(7 months, 95% CI: 6.4–7.6, P<0.001) (Figure 4B). In distant 
group, the mOS of patients with non-surgical procedure 
(11 months, 95% CI: 8.9–13.1) was longer than patients 
with non-operation (4 months, 95% CI: 3.5–4.5, P<0.001)  
(Figure 4C). In the unknown stage group, the patients with 
surgery had longer mOS than patients with non-surgery 
operation and patients without operation (both P<0.05) 
(Figure 4D). In the subgroups analysis, the patients in the 
group A who underwent surgery (59 months, 95% CI: 
53–65) had better survival than patients with non-surgical 
procedure (36 months, 95% CI: 34.1–37.9, P<0.001), 
which was longer than patients with non-operation  

Table 1 (continued)

Characteristics

Before PSM (N=52,338) After PSM (N=18,872)

Operation 
(N=12,348)

Non-operation 
(N=39,990)

P value
Operation 
(N=9,436)

Non-operation 
(N=9,436)

P value

Tumor number 0.704

1 9,807 34,191 <0.001 7,994 7,978

2 2,042 4,879 1,248 1,268

3 384 760 163 167

>3 115 160 31 23

Radiotherapy <0.001 0.925

Yes 385 3,784 284 278

No 11,940 36,093 9,147 9,152

Unknown 23 113 5 6

Chemotherapy <0.001 0.668

Yes 3,540 19,173 3282 3,254

No 8,808 20,817 6154 6,182

PSM, propensity score matching.
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(18 months, 17.1–18.9, P<0.001) (Figure 5A). In group 
B, patients with surgery (43 months, 95% CI: 36–50) 
had also better survival than patients with non-surgical 
procedure (21 months, 95% CI: 18–24, P<0.001), which 
was longer than patients with non-operation (9 months, 
95% CI: 8–10, P<0.001) (Figure 5B). In group C, the mOS 
of patients with surgery (37 months, 95% CI: 29.9–44.1) 
was longer than patients with non-surgical procedure 
(19 months, 95% CI: 14–24, P<0.001), which was longer 
than patients with non-operation (6 months, 95% CI: 

4.9–7.1, P<0.001) (Figure 5C). In group D, the mOS of 
patients with surgery (27 months, 95% CI: 23.2–30.8) 
was longer than patients with non-surgical procedure  
(12 months, 95% CI: 10.4–13.6, P<0.001), which was 
longer than patients in the non-operation (4 months, 95% 
CI: 3.7–4.3, P<0.001) (Figure 5D). In group E, the mOS 
of patients with surgery (74 months, 95% CI: 56.6–91.4) 
was longer than patients with non-surgical procedure  
(44 months, 95% CI: 36.9–51.1, P<0.001), which was 
longer than patients with non-operation (23 months, 95% 

Patients with 
single tumor 
no more than 

3 cm
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single tumor 
between 5 
and 7 cm

Patients with 
single tumor 
between 7 
and 9 cm

Patients with 
single tumor 
larger than  
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2–3 tumors no 

more than  
3 cm

Patients with 
2–3 tumors 
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Patients 
with multiple 

tumors  
(more than 3)
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Figure 1 The chart of subgroups classification.
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CI: 20.2–25.8, P<0.001) (Figure 5E). In group F, the mOS 
of patients with surgery (47 months, 95% CI: 39.1–54.9) 
was longer than patients with non-surgical procedure (27 
months, 95% CI: 23.6–30.4, P<0.001), which was longer 

than patients with non-operation (10 months, 95% CI: 8.8–
11.2, P<0.001) (Figure 5F). In group G, the mOS of patients 
with surgery (67 months, 95% CI: 43.6–90.4) was longer 
than patients with non-surgical procedure (22 months, 95% 
CI: 6.8–37.2, P=0.009) (Figure 5G).
 

Predictors of OS in all patients and the operation group

The multivariable regression analysis of all patients showed 
that operation was an independent favor factor for OS 
compared with non-operation (HR: 2.414, 95% CI: 2.329–
2.499, P<0.001) for all patients after PSM. For patients with 
operation, the multivariable regression analysis showed that 
surgery was an independent favor factor for OS compared 
with patients with non-surgical procedure (HR: 1.556, 95% 
CI: 1.471–1.667, P<0.001) (Table 2).

Discussion

The incidence of HCC in men and women increased from 

Figure 3 Kaplan-Meier curve of all patients with surgery or non-
surgical procedure or non-operation after PSM. PSM, propensity 
score matching.
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Figure 4 Kaplan-Meier curve of patients: (A) Kaplan-Meier curve of patients in the localized group; (B) Kaplan-Meier curve of patients 
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Figure 5 Kaplan-Meier of patients in the subgroups: (A) Kaplan-Meier curve of patients with single tumor no more than 5 cm; (B) Kaplan-
Meier curve of patients with single tumor larger than 5 cm but no more than 7 cm; (C) Kaplan-Meier curve of patients with single tumor 
larger than 7 cm but no more than 9 cm; (D) Kaplan-Meier curve of patients with single tumor larger than 9 cm; (E) Kaplan-Meier curve of 
patients with 2–3 tumors no more than 3 cm; (F) Kaplan-Meier curve of patients with 2–3 tumors larger than 3 cm; (G) Kaplan-Meier curve 
of patients with multiple tumors (>3 tumors). 
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Table 2 Multivariate regression analysis for overall survival of all patients and patients with operation after PSM

Characteristics
All patients Patients in the operation group

HR (95% CI) P value HR (95% CI) P value

Gender

Male Reference Reference

Female 0.947 (0.908, 0.987) 0.010 0.924 (0.867, 0.985) 0.015

Ethnicity

White Reference Reference

Black 1.077 (1.021, 1.136) 0.006 1.129 (1.040, 1.226) 0.004

Other 0.769 (0.734, 0.833) <0.001 0.747 (0.696, 0.802) <0.001

Age of diagnosis

35–44 Reference Reference

45–54 1.173 (1.018, 1.351) 0.027 1.135 (0.924, 1.393) 0.228

55–64 1.158 (1.009, 1.330) 0.037 1.123 (0.919, 1.372) 0.256

≥65 1.418 (1.235, 1.627) <0.001 1.413 (1.157, 1.725) 0.001

Year of diagnosis

2004–2007 Reference Reference

2008–2011 0.869 (0.834, 0.906) <0.001 0.833 (0.783, 0.886) <0.001

2012–2015 0.797 (0.763, 0.833) <0.001 0.689 (0.643, 0.739) <0.001

Tumor status

Localized Reference Reference

Regional 1.326 (1.259, 1.397) <0.001 1.291 (1.194, 1.397) <0.001

Distant 1.785 (1.337, 2.384) <0.001 1.620 (1.113, 2.358) 0.012

Unknown 0.939 (0.828, 1.064) 0.324 1.055 (0.870, 1.279) 0.585

AJCC stage

I Reference Reference

II 1.234 (1.186, 1.303) <0.001 1.265 (1.178, 1.360) <0.001

III 1.479 (1.383, 1.581) <0.001 1.623 (1.468, 1.794) <0.001

IV 1.470 (1.085, 1.993) 0.013 1.742 (1.168, 2.597) 0.006

Unknown 1.377 (1.257, 1.508) <0.001 1.223 (1.061, 1.409) 0.005

Tumor size (cm)

≤5 Reference Reference

5–7 1.403 (1.322, 1.488) <0.001 1.211 (1.106, 1.327) <0.001

7–9 1.535 (1.421, 1.658) <0.001 1.285 (1.140, 1.449) <0.001

>9 1.889 (1.775, 2.009) <0.001 1.612 (1.465, 1.774) <0.001

Unknown 1.430 (1.329, 1.538) <0.001 1.223 (1.093, 1.369) <0.001

Table 2 (continued)
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2000 to 2013 and is predicted to increase until 2030 (12). 
The main finding was that the trends of operation and 
surgery rate in the localized, regional, and distant group 
declined from 2004 to 2015. And the survival of patients 
with localized, regional, distant tumor, single tumor larger 
than 5 cm, 2–3 tumors larger than 3 cm and multiple 
tumors (>3 tumors) benefits more from surgery than non-
surgical procedure. 

Since 1999, BCLC criteria have been used as a 
recommended guide for HCC treatment (13). Surgery was 
advised for the treatment of HCC patients with BCLC 
stage A, who had good liver function and good physical 
condition. This recommendation limited the application of 
surgery in HCC treatment. For patients with BCLC stage 
B, TACE was recommended as the first-line treatment. 
HCC patients with BCLC stage B who received TACE 
treatment had shorter mOS (16 to 42 months) than patients 

undergoing surgery (23 to 70 months) (6,14-18). However, 
HCC patients with TACE have high recurrence due to 
incomplete embolization (19,20). Alternatively, the tumor 
can be removed completely by liver resection, reducing 
tumor recurrence and metastasis. It was suggested that 
patients with a single tumor larger than 5 cm should be 
classified as BCLC stage A and receive a better survival 
benefit from liver resection (21). In the present analysis, 
patients were divided into seven groups according to the 
size and number of tumors. The mOS of HCC patients 
undergoing surgery in the group A–G surgery was the 
longest. Although the results of the study showed that 
patients with single tumor larger than 5 cm could get 
more survival from surgery than patients with non-surgical 
procedure. Thus far no RCT was performed for patients 
with single tumor larger than 5 cm that would focus on the 
effect of tumor size on the therapeutic efficacy of surgery 

Table 2 (continued)

Characteristics
All patients Patients in the operation group

HR (95% CI) P value HR (95% CI) P value

Tumor number

1 Reference Reference

2 0.898 (0.854, 0.945) <0.001 0.913 (0.844, 0.987) 0.021

3 0.882 (0.774, 1.005) 0.059 0.928 (0.759, 1.136) 0.469

>3 0.879 (0.647, 1.196) 0.413 0.681 (0.594, 1.405) 0.681

Radiotherapy

Yes Reference Reference

No 1.112 (1.006, 1.229) 0.038 0.812 (0.701, 0.940) 0.005

Unknown 1.073 (0.532, 2.165) 0.843 0.530 (0.169, 1.668) 0.278

Chemotherapy

Yes Reference Reference

No 1.393 (1.343, 1.445) <0.001 0.968 (0.915, 1.024) 0.252

Treatment – –

Operation Reference – –

Non-operation 2.414 (2.329, 2.499) <0.001 – –

Treatment – –

Surgery – – Reference

Non-surgery operation – – 1.556 (1.471, 1.667) <0.001

PSM, propensity score matching; AJCC, American Joint Committee on Cancer.
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or other types of operation, such as TACE. Therefore, the 
outcome of various treatments in patients with different 
tumor size was worth exploring by a large cohort study.

Multivariate analysis of patients with operation treatment 
also demonstrated that surgical treatment resulted in 
better mOS of the patients than non-surgical procedure. 
In agreement with earlier publications, older patients, male 
patients, black patients, patients with larger tumor size, 
patients with tumor metastasis, single patients and patients 
with an early diagnosis of HCC had a worse prognosis. 
Several studies have shown that a higher number of tumors 
is associated with a worse prognosis of the HCC patients 
with radical treatment (22-24). However, the current work 
documented that the presence of two tumors increased the 
mOS of patients. That might be the reason that patients 
with single tumor who were worse than patients with two 
tumors (AJCC stage III and IV: 18% vs. 15%).

Although this study provided encouraging results for 
patients treated with operation, in particular by surgery, 
the operation rate did not increase significantly with time, 
and the surgery rate decreased. These trends may be 
explained by the emergence of new drugs, such as sorafenib. 
The recommendation by the BCLC criteria that patients 
with BCLC stage A and good liver function and physical 
condition should be treated by surgery might be another 
reason for the decline in the treatment of HCC by surgery. 
However, the results of the present analysis support the 
notion that patients can obtain a better survival benefit from 
surgery than from other types of operations. 

The retrospective design of the present study constitutes 
its limitation since it might have led to a selection bias. 
However, the analysis was based on a large number of 
patients, which could increase the reliability of the results. 
The efficacy of surgery was compared only with non-surgical 
procedure and non-operation treatments, but comparisons 
with specific treatments were not performed. While this 
approach might not provide strong proof that surgery is 
the best treatment for patients with a localized tumor or 
regional metastases, the evidence was obtained that patients 
can receive a better survival benefit from operation, and 
surgery might be the best treatment choice. This study did 
not answer the question of whether patients with poor liver 
function and physical status should be treated surgically, but 
from the side, these patients could get better survival after 
undergoing operation. The conclusions reached here need 
to be confirmed with a RCT in the future.

Conclusions

In conclusion, this study provided a comprehensive analysis 
of the trends in the rate of operation and surgery for the 
treatment of HCC. Moreover, the efficacy of surgery was 
compared with the efficacy of non-surgical procedure and 
non-operation in patients with different subgroups of HCC. 
The results indicated that patients with single tumor larger 
than 5 cm or patients with 2–3 tumors larger than 3 cm  
might get more survival from surgery than patients with 
non-surgical procedures or non-operation.
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