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Abstract

Background
Surgery for the treatment of hepatocellular carcinoma (HCC) is limited. Recently, the possibility was
advanced that surgical approach could be applied in HCC patients more widely. To address this issue, the
trends in the use of surgery (including liver resection and ablation et, al) and liver resection for the
treatment of HCC with time was analyzed. Additionally, whether patients gain a better survival bene�t
from surgery and liver resection than other treatments was evaluated.

Methods
Data from SEER registries was used to analyze the trends in the use surgery and liver resection for HCC
and the survival bene�ts of these procedures. The study included patients between the ages of 35 and
84 years diagnosed as HCC between 1998 and 2015 (n = 80499). Propensity score matching (PSM)
analysis was used to reduce selection bias.

Results
From 1998 to 2015, the rate of surgery for HCC increased in all patients (P = 0.016) and in the localized
group (P < 0.001), but decrease in the regional and distant groups (P < 0.001). Liver resection rate in the
localized, regional, distant, and unknown/unstaged groups declined (P < 0.001, P = 0.004, P = 0.014, and
P = 0.007, respectively). Surgery and liver resection rates in the localized group and its subgroups of
localized group were reduced (all P < 0.05). The median overall survival (mOS) of patients undergoing
surgery was longer than patients with non-surgery. Similar survival results were obtained in the analysis
of the subgroups. The liver resection group had the longest mOS in all patients and in the localized (and
it’s subgroups) and regional groups.

Conclusion
Although surgery rate in HCC patients increased slightly with time, liver resection rate in the localized
group decreased. Surgery might be used more widely in the treatment of patients with hepatocellular
carcinoma.

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 �rst-line
treatment of early HCC include liver resection, transplantation or ablation. The �rst-line therapy for
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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].

The decision to treat the patient surgically or by chemotherapy is based on tumor staging, and patient’s
liver function and physical condition. The most common criteria used worldwide for HCC staging are
de�ned by Barcelona Clinic Liver Cancer (BCLC) staging[3]. Previous studies have shown showed that the
survival of patients with a single tumor larger than 5 cm can be extended by liver resection[4, 5]. However,
whether patients with a single tumor larger than 5 cm should be characterized as BCLC stage B is still a
matter of controversy[6].

TACE is recommended as the �rst-line treatment for intermediate HCC and new embolic materials for this
method, such as drug-eluting beads, have been developed. The drug-eluting beads may reduce
complications of the TACE and prolong the progress-free survival but not overall survival (OS)[7, 8].
However, some studies have documented that patients with intermediate HCC may have better survival
after liver resection than TACE[9–11]. 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
liver resection were higher than that those of patients treated with TACE (P < 0.001)[9]. Another meta-
analysis indicated that patients with intermediate-advanced HCC (BCLC B/C) who were treated by liver
resection experienced greater survival bene�t than those who received TACE therapy. In fact, all patients
in the liver resection group had longer OS than patients in the TACE group (P < 0.0001)[12]. However,
these studies had certain limitations. An insu�cient number of patients was included in both
investigations, and the meta-analysis included one RCT only, which might have led to a low level of
evidence. The surgery and liver resection rate of patients is still unclear.

In view of these uncertainties, the present population-based study aimed at the analysis of the trends of
surgery (including liver resection and tumor destruction) and liver resection, and to identify the optimal
type of treatment for patients with different HCC stages.

Methods

Study Cohort
Using SEER 18 registries database, patients, 35–84 years old, diagnosed with HCC (International
Classi�cation of Diseases for Oncology, Third Edition (ICD-O-3), histology code 8170–8175, site code
C220 (liver)) between 1998 and 2015 were included. The patients for which the information on whether
they received surgical treatment was not available, were excluded. Finally, 78053 patients were included
in the study: 18878 of them were treated surgically, and 59175 non-surgically.
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For the analysis of survival, patients with survival months code 0 (contact lost after diagnosis) and 9999
(unknown length of survival month) were excluded, leaving 66887 patients in this part of the study. After
PSM, a total of 31120 patients were included into survival analysis. Among them, 15560 patients
received surgery treatment and 15560 patients received non-surgery treatment. The baseline
characteristics of patients before PSM and after PSM in the two group were compared (Table 1).
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Table 1
Characteristics of patients before PSM and after PSM.

Characteristics Before matching   After matching

  Surgery
(18563)
before

Non-
surgery
(48324)

P   Surgery
(15560)
after PSM

Non-
surgery
(15560)

P

Gender     < 
0.001

      0.668

Male 13858 37542     11899 11931  

Female 4705 10782     3661 3629  

Ethnicity             0.882

White 12342 32917 < 
0.001

  10742 10726  

Black 2001 6750     1613 1597  

other 4220 8657     3205 3237  

Age of diagnosis     < 
0.001

      0.862

35–44 623 1155     298 319  

45–54 3650 8721     2812 2817  

55–64 7246 17186     6034 6018  

≥ 65 7044 21262     6416 6406  

Year of diagnosis     < 
0.001

      0.968

1998–2001 1485 5120     1114 1134  

2002–2005 3611 7857     2639 2637  

2006–2009 4820 11216     3818 3830  

2010–2015 8647 24131     7989 7959  

Tumor status     < 
0.001

      0.988

Localized 14071 20123     11497 11473  

Regional 3480 14604     3169 3194  

Distant 534 8169     480 478  

Unknown/Unstaged 478 5428     414 415  
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Characteristics Before matching   After matching

Tumor size     < 
0.001

      0.998

≤ 3 cm 7839 9149     6214 6215  

3-5cm 4827 9097     4168 4181  

5-7cm 2006 6105     1758 1747  

7-9cm 944 4075     814 798  

9-11cm 568 2886     467 460  

> 11 cm 1160 4512     988 1007  

Unknown 1219 12500     1151 1152  

Tumor numbers     < 
0.001

      0.985

1 14932 41488     13111 13125  

2 2971 5778     2138 2133  

3 516 874     260 252  

> 3 144 184     51 50  

Marital status     < 
0.001

      0.910

Married 11254 24402     9116 9097  

Single 6592 21618     5929 5958  

Other 717 2304     515 505  

To determine whether patients could gain an additional survival bene�t from liver resection, the patients
in localized group were divided into three groups (stage A-C) based on the BCLC stage A and B. Stage A
included patients with a single tumor size smaller than 5 cm or 2–3 tumors with none larger than 3 cm.
Stage B included patients with a single tumor larger than 5 cm, 2–3 tumors of which at least one was
larger than 3 cm, or more than 3 tumors regardless of their size. Stage C included patients with a single
tumor larger than 5 cm. For survival analysis of patients in the stage C group, the group was further
divided into four groups: group 1 with tumor size 5–7 cm (n = 712), group 2 with tumor size 7–9 cm (n = 
336), group 3 with tumor size 9–11 cm (n = 201), and group 4 with tumor size larger than 11 cm (n = 390).

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 surgery and liver resection for the treatment of HCC was estimated



Page 7/22

using Cochran-Armitage test[13]. mOS was determined using Kaplan-Meier survival curves[14]. The
prognostic factors for all patients and the liver resection group were assessed by Cox proportional
hazards models[15].

The characteristics of gender, ethnicity, age of diagnosis, year of diagnosis, tumor status, tumor size,
tumor numbers and marital status were included into PSM analysis. The optimal caliper was set as
0.00001 and 11560 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 signi�cant. 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.

Results

Trends of surgery and liver resection on HCC
The number of patients and patients undergoing surgery increased with time from 1998 to 2015.
However, the number of patients undergoing liver resection remained essentially constant (Additional File
Fig. 1). The trends of surgery rate increased in all patients (P = 0.016), and patients with localized tumor
(P < 0.001) increased but declined in the regional (P < 0.001) and the distant group (P < 0.001). The trends
of surgery rate did not change with time in the unknown group (P = 0.360) (Fig. 1A). For liver resection, the
frequencies and trends in localized (P < 0.001), regional (P = 0.004), distant (P = 0.014), and unknown
groups (P = 0.007) declined with time (Fig. 1B). In the localized group, for stage A, stage B, and stage C,
the frequencies and trends of surgery and liver resection declined with time (P < 0.001 for stage A, B and
C) (Fig. 2A-2B).

Median Overall Survival (mOS) in all patients and the subgroups

After PSM, the mOS of patients in the liver resection group (71 months, 95%CI: 67.4,74.6) was longer than
in the other groups (surgery group (47 months, 95%CI; 45.5,48.5), non-surgery group (15 months, 95%CI:
14.6,15.4), and all patients (26 months, 95%CI: 25.4,26.6), P < 0.001) (Additional File Fig. 2). The mOS of
patients in localized group who with liver resection (85 months, 95%CI: 80,90) was longer than patients
with surgery (56 months, 95%CI: 53.9,8.1) and non-surgery (19 months, 95%CI: 18.4, 19.6, P < 0.001)
(Fig. 3A). Similar results were presented in regional, distant and unknown stage groups. In reginal group,
the mOS of patients with liver resection (43 months, 95%CI: 38.9,47.1) was longer than patients with
surgery (29 months, 95%CI: 27,31) and non-surgery (9 months, 95%CI: 8.4,9.6, P < 0.001) (Fig. 3B). In
distant group, the mOS of patients with liver resection (13 months, 95%CI: 8.5,17.5) was longer than
patients with surgery (10 months, 95%CI: 8.5,11.5) and non-surgery (3 months, 95%CI: 4.7,7.3, P < 0.001)
(Fig. 3C). In the subgroups analysis, the patients in the stage A group who with liver resection (115
months, 95%CI: 105,125) had better survival than patients with surgery (65 months, 95%CI: 61.9,68.1)
and non-surgery (23 months, 22.2,23.8, P < 0.001) (Fig. 4A). In stage B group, patients with liver resection
(54 months, 95%CI:49.6,58.4) had also better survival than patients with surgery (42 months, 95%CI:
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39.7,44.3) and non-surgery (10 months, 95%CI: 9.4,10.6, P < 0.001) (Fig. 4B).In stage C group, the mOS of
patients with liver resection (51 months, 95%CI: 46.2,55.8) was longer than patients with surgery (39
months, 95%CI: 36,42) and non-surgery (9 months, 95%CI: 8.4,9.6, P < 0.001) (Fig. 4C). To further evaluate
the effect of surgery and liver resection in patients with tumor size larger than 5 cm, the stage C was
divided into four groups: group 1 (tumor size 5-7cm), group 2 (7–9 cm), group 3 (9–11 cm) and group 4
(> 11 cm.). The survival curve for the stage C group showed that the survival of patients with liver
resection was longer in group 1 (61months, 95%CI:51.9,70.1) than in group 2 (46months,
95%CI:32.8,59.2), group 3 (41 months, 95%CI:29.5,52.5), and group 4 (38months, 95%CI:31.5,44.5) (P < 
0.001) (Additional File Fig. 3).

Predictors of OS in all patients and the liver resection group

Cox proportional hazards models were used to identify independent predictors for OS in all patients (n = 
31120) who received surgery (n = 15560) or non-surgical treatment (n = 15560) after PSM. The female
patients were more likely to survive longer (Hazard Ratio: 0.923, 95%CI: 0.893,0.953P < 0.001). The black
patients were more likely to have the worst survival (HR:1.057, 95%CI: 1.011,1.106, P = 0.015) than white
patients and patients of other races. The younger patients had longer survival time (age 45–54 years: HR:
1.213, 95%CI: 1.092,1.347, P = 0.001; 55–64 years: HR:1.307, 95%CI: 1.180,1.449, P < 0.001; age > 65
years: HR:1.652, 95%CI: 1.492,1.831, P < 0.001) and patients with early diagnosis of HCC might had
worse survival (diagnosis period 2002–2005, HR: 0.935, 95%CI: 0.887,0.986, P = 0.012; 2010–2015,
HR:0.800, 95%CI: 0.760,0.842, P < 0.001; 2010–2015: HR:0.674, 95%CI: 0.641,0.709, P < 0.001). A similar
result was obtained for patients with larger tumor size. Patients undergoing surgery experienced better
survival than non-surgically treated patients (non-surgery: HR: 2.544, 95%CI: 2.474,2.616, P < 0.001).
Married patients had better survival than single patients (single: HR:1.200, 95%CI: 1.166,1.235, P < 0.001).
However, patients with severaltumors had longer survival (two tumors: HR: 0.915, 95%CI: 0.879,0.951, P < 
0.001; three tumors: HR:0.894, 95%CI:0.804,0.994, P = 0.038) (Table 2).
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Table 2
Multivariate regression analysis for overall survival of all patients

Characteristics No (%)   Multivariate

  31120 (100)   HR (95%CI) P

Gender        

Male 23830 (76.6)   Reference  

Female 7290 (23.4)   0.923 (0.893,0.953) < 0.001

Ethnicity        

White 21468 (69)   Reference  

Black 3210 (10.3)   1.057 (1.011,1.106) 0.015

other 6442 (20.7)   0.783 (0.756,0.811) < 0.001

Age of diagnosis        

35–44 617 (2)   Reference  

45–54 5629 (18.1)   1.213 (1.092,1.347) 0.001

55–64 12052 (38.7)   1.307 (1.180,1.449) < 0.001

≥ 65 12822 (41.2)   1.652 (1.492,1.831) < 0.001

Year of diagnosis        

1998–2001 2248 (7.2)   Reference  

2002–2005 5276 (17)   0.935 (0.887,0.986) 0.012

2006–2009 7648 (24.6)   0.800 (0.760,0.842) < 0.001

2010–2015 15948 (51.2)   0.674 (0.641,0.709) < 0.001

Tumor status        

Localized 22970 (73.8)   Reference  

Regional 6363 (20.4)   1.524 (1.475,1.574) < 0.001

Distant 958 (3.1)   2.556 (2.383,2.741) < 0.001

Unknown/Unstaged 829 (2.7)   1.236 (1.133,1.349) < 0.001

Tumor size        

≤ 3 cm 12429 (39.9)   Reference  

3-5cm 8349 (26.8)   1.375 (1.328,1.424) < 0.001
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Characteristics No (%)   Multivariate

5-7cm 3505 (11.3)   1.680 (1.606,1.757) < 0.001

7-9cm 1612 (5.2)   1.842 (1.734,1.956) < 0.001

9-11cm 927 (3)   2.128 (1.973,2.296) < 0.001

> 11 cm 1995 (6.4)   2.351 (2.226,2.484) < 0.001

Unknown 2303 (7.4)   1.930 (1.822,2.044) < 0.001

Tumor numbers        

1 26236 (84.3)   Reference  

2 4271 (13.7)   0.915 (0.879,0.951) < 0.001

3 512 (1.7)   0.894 (0.804,0.994) 0.038

> 3 101 (0.3)   0.996 (0.787,1.261) 0.974

Marital status        

Married 18213 (58.5)   Reference  

Single 11887 (38.2)   1.200 (1.166,1.235) < 0.001

Other 1020 (3.3)   1.028 (0.947,1.116) 0.509

Surgery        

Yes 11560 (50)   Reference  

not 15560 (50)   2.544 (2.474,2.616) < 0.001

In the localized group, patients with liver resection, the multivariate analysis yielded similar results:
gender, ethnicity, age, year of diagnosis, tumor stage, tumor size and marital status affected the length of
survival. However, the higher number of tumors was not did not improve OS in liver resection patients
(Table 3).
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Table 3
Multivariate regression analysis for overall survival of patients in the localized group who with

liver resection
Characteristic No (%)   Multivariate

  8652 (100)   HR (95%CI) P

Gender        

Male 6568 (75.9)   Reference  

Female 2084 (24.1)   0.847 (0.776,0.924) < 0.001

Ethnicity        

White 5832 (67.4)   Reference  

Black 907 (10.5)   1.411 (1.255,1.587) < 0.001

other 1913 (22.1)   0.852 (0.775,0.936) 0.001

Age of diagnosis        

35–44 217 (2.5)   Reference  

45–54 1675 (19.4)   1.448 (1.073,1.955) 0.015

55–64 3320 (38.3)   1.682 (1.252,2.258) 0.001

≥ 65 3440 (39.8)   2.530 (1.886,3.393) < 0.001

Year of diagnosis        

1998–2001 722 (8.3)   Reference  

2002–2005 1490 (17.2)   0.809 (0.715,0.916) 0.001

2006–2009 2151 (24.9)   0.687 (0.608,0.776) < 0.001

2010–2015 4289 (49.6)   0.509 (0.449,0.576) < 0.001

Tumor size        

≤ 3 cm 3071 (35.4)   Reference  

3-5cm 2298 (26.6)   1.412 (1.283,1.555) < 0.001

5-7cm 1161 (13.4)   1.646 (1.466,1.849) < 0.001

7-9cm 587 (6.8)   1.911 (1.652,2.210) < 0.001

9-11cm 354 (4.1)   2.118 (1.767,2.540) < 0.001

> 11 cm 793 (9.2)   2.310 (2.009,2.655) < 0.001

Unknown 388 (4.5)   1.344 (1.099,1.644) 0.004
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Characteristic No (%)   Multivariate

Tumor numbers        

1 7305 (84.4)   Reference  

2 1181 (13.7)   1.011 (0.913,1.120) 0.830

3 137 (1.6)   1.101 (0.850,1.426) 0.464

> 3 29 (0.3)   0.965 (0.558,1.669) 0.898

Marital status        

Married 5425 (62.7)   Reference  

Single 2976 (34.4)   1.294 (1.196,1.399) < 0.001

Other 251 (2.9)   0.928 (0.716,1.203) 0.574

Discussion
The incidence of HCC in men and women increased from 2000 to 2013 and is predicted to increase until
2030[16]. The current investigation documented the number of HCC cases clearly increased from 1998 to
2015. The main �nding was that the survival of HCC patients bene�ts more from surgery than non-
surgery treatment and that the liver resection might be the best choice for the treatment of all subgroups
of HCC patients with localized tumor and regional tumor invasion at different periods (1998 to 2001,
2002 to 2005, 2006 to 2009 and 2010 to 2015).

It has been previously shown that patients with single and small HCC who received radiofrequency
ablation (RFA) had similar survival bene�ts from the therapy as patients undergoing liver resection[17–
20]. With the development of microwave ablation and cryoablation, the surgery is better tolerated by the
patients. In the past, the radiotherapy was not suitable for HCC treatment because the radiation could
damage the normal liver tissue and vital organs located in the vicinity of the liver[21, 22]. However,
patients with early HCC treated with stereotactic body radiation therapy (SBRT) which allows precise
targeting of the tumor have similar 1- and 2- years OS comparable to that achieved with RFA[23, 24].

Since 1999, BCLC criteria have been used as a recommended guide for HCC treatment[25]. Liver resection
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 liver resection in HCC treatment. For
BCLC stage B patients, TACE was recommended as the �rst-line treatment. HCC patients with BCLC stage
B who received TACE treatment had shorter mOS (16 to 42 months) than patients undergoing liver
resection (23 to 70 months; P < 0.05)[10, 26–29]. The major disadvantage of TACE is the di�culty of
achieving complete embolization of the arteries, which, if successful, would lead to ischemia and hypoxia
of the tumor microenvironment. The hypoxic tumor microenvironment can trigger the generation of
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several cytokines which prevent hypoxia-inducible factor α decreasing, by tumor cells, promoting the
growth of tumor microvessels which facilitate tumor growth and metastasis[30, 31].

Alternatively, the tumor can be removed completely by liver resection, reducing tumor recurrence and
metastasis. In the present analysis, patients with localized HCC were divided into three groups (stage A,
stage B, and stage C) according to size and number of tumors. The mOS of patients with HCC stages A,
B, and C undergoing liver resection group had the longest mOS. The classi�cation of localized group was
based on BCLC stage but did not include the liver function and physical condition of the patients.
However, the analysis of all patients who were recommended to be treated surgically but did not consent
indicated that the mOS of these patients (21 months, 95% CI:18.1,23.9) was lower than of patients
undergoing surgery (47 months, 95% CI:45.45,48.5) or liver resection (71 months, 95% CI:67.4,74.6). This
difference indicates that patients with adequate liver function and physical condition can get survival
bene�ts from surgery or liver resection.

It was suggested that patients with a single tumor larger than 5 cm should be classi�ed as BCLC stage A
and receive a better survival bene�t from liver resection[32]. However, in the current analysis, the patients
in the localized group with a single tumor larger than 5 cm were divided into four subgroups (group 1: 5–
7 cm; group 2: 7–9 cm; group 3: 9–11 cm; group 4: >11 cm) and the e�cacy of liver resection treatment
was determined in each subgroup. Patients with a single tumor sized 5–7 cm had longer survival than
patients with a single tumor larger than 11 cm. Although with increasing tumor diameter the possibility of
vascular invasion and metastasis becomes higher, many patients with a single tumor larger than 5 cm do
not exhibit vascular invasion or metastasis. Thus, simply dividing these patients into one category may
not be justi�ed. However, 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 e�cacy of liver resection or other types of
surgery, 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 all patients included in this study also demonstrated that surgical treatment
resulted in better mOS of the patients than non-surgical therapies. 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[33–35]. However, the current work documented that the presence of
multiple tumors was increased mOS of the patients. In multivariate analysis, we included patients with
regional tumor invasion (n = 6363), distant metastasis (n = 958) and unknown stage patients (n = 829)
who might in�uence the prognostic factors of all patients. So, we did multivariate analysis of OS for
patients with liver resection in localized group and found that the patients with more tumor numbers
might in�uent the prognosis of patients compared with patients with single tumor.

Although this study provided encouraging results for patients with treated surgically, in particular by liver
resection, the surgery rate did not increase signi�cantly with time, and the liver resection rate decreased in
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all patients and subgroups. These trends may be explained by the emergence of new surgical techniques.
The recommendation by the BCLC criteria that patients with BCLC stage A and good liver function and
physical condition should be treated by liver resection might be another reason for the decline in the
treatment of HCC by liver resection. However, the results of the present analysis support the notion that
patients can obtain a better survival bene�t from liver resection than from other types of surgery. This
conclusion was valid in all patients, in the localized group and its subgroups, and in the regional group.
Patients with regional vascular and lymph invasion were considered to have advanced disease and to
require a molecularly targeted drug treatment.

Recently, the concept of tumor oligometastasis was advanced and numerous studies have shown that
patients with oligometastases who underwent the resection or radiotherapy of the primary tumor and
metastatic lymph nodes could get better survival bene�ts than non-surgically treated patients[36, 37].
However, there was no one RCT focused on comparing the e�cacy of liver resection with other
treatments in patients with HCC oligometastases. The results obtained here indicate that patients with
invasion of regional vascular and lymph nodes have longer survival in comparison with patients
undergoing other treatments. Although the present work did not consider the liver function and physical
condition of patients, the patients that were quali�ed for surgery but declined most likely had good liver
function and physical condition. The results in this group of patients support the notion that surgery is a
better treatment choice for HCC patients.

At present, the laparoscopic technique is more widely used in the treatment of HCC, because it reduces
injury and increases patient tolerance to surgery. Therefore, expanding the application of liver resection in
HCC patients beyond BCLC stage A and Child-Turcotte-Pugh class A or B and ECOG score 0 might be
worth considering and exploring in-depth. BCLC guidelines recommend that BCLC stage B HCC patients
with Child-Turcotte-Pugh class A or B and ECOG score 0 should receive TACE treatment. The use of drug-
eluting beads TACE (DEB-TACE) in HCC patients does not prolong the survival of patients in comparison
with conventional TACE, but it can reduce the adverse events of the treatment. Therefore, the
appropriateness of the DEB-TACE treatment for HCC patients with Child-Turcotte-Pugh class C is worth
exploring.

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 e�cacy of liver resection was compared only with other treatments, but
comparisons with speci�c treatments were not performed. While this approach might not provide strong
proof that liver resection is the best treatment for patients with a localized tumor or regional metastases,
the evidence was obtained that patients can receive a better survival bene�t from surgery, and liver
resection 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 surgery. The conclusions reached here need to be con�rmed by
a large prospective cohort study.



Page 15/22

Conclusions
In conclusion, this study provided a comprehensive analysis of the trends in the rate of surgery and liver
resection for the treatment of HCC. Moreover, the e�cacy of surgery was compared with the e�cacy of
non-surgery and liver resection in patients with different stages of HCC. The results indicated that surgery
(especially for liver resection) might be used more widely in the treatment of HCC.
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Figure 1

The trends of surgery rate (A) and liver resection rate (B) in localized group, regional group, distant group
and unknown/unstaged group from 1998 to 2015.
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Figure 2

The localized group was divided into three group (stage A, B and C) according to the tumor size and
numbers based on Barcelona Clinic Liver Cancer (BCLC) criteria. This �gure presented that the trends of
surgery rate (A) and liver resection rate (B) in stage A group, stage B group and stage C group from 1998
to 2015.
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Figure 3

Cumulative survival of patients in localized group (A), regional group (B), distant group (C) and
unknown/unstaged group (D) who received surgery or non-surgery or liver resection treatment.
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Figure 4

Cumulative survival of patients in localized subgroups: stage A (A), stage B (B) and stage C (C) group
who received surgery or non-surgery or liver resection treatment.
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