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Background: This study sought to conduct a meta-analysis of the relevant literature on radiofrequency 
ablation (RFA) and routine resection in the treatment of small hepatocellular carcinoma (SHCC) in recent 
years, and to examine the clinical efficacy and safety of different schemes. 
Methods: PubMed, The Cochrane Library, Embase, CNKI, Chinese biomedical literature, VIP Chinese 
journal and the Wanfang Database were used to comprehensively search for relevant papers on clinical 
control studies of RFA and the routine resection SHCC published between January 2008 and December 
2019. The clinical efficacy and safety of different schemes in the treatment of SHCC were compared, 
including the overall survival rate within 1, 3, and 5 years, and the incidence of complications during 
treatment. A meta-analysis was undertaken using methods provided by the Cochrane Collaboration and 
RevMan 5.3 software. 
Results: A total of 13 publications of studies were retrieved in which 2,384 patients participated. Of these 
patients, 1,256 (52.68%) were allocated to the RFA group and 1,128 patients (47.32%) to the conventional 
resection group. The effect size of the 1-year overall survival rate for the two groups was odds ratio (OR): 0.78 
[95% confidence interval (CI), 0.43–1.38]; Z test: P=0.32. The effect size of the overall survival rate within 
3 years was OR: 0.71 (95% CI, 0.48–1.05); Z test: P=0.07. The difference was not statistically significant. 
The 5-year overall survival rate of the RFA group and conventional resection group was OR: 0.55 (95% CI, 
0.40–0.72). The OR value fell within the CI, excluding 1; Z test: P<0.0001. The difference was statistically 
significant. The incidence of complications in the RFA group during treatment was lower than that in the 
conventional resection group (OR: 0.45; 95% CI, 0.32–0.69). The OR value was within the CI, excluding 1; 
Z test: P=0.0002. The difference was statistically significant.
Conclusions: The short-term effect of RFA in the treatment of SHCC is basically the same as that of 
routine resection; however, the long-term effect is significantly lower than that of routine resection. RFA has 
a lower incidence of complications during treatment, and thus better clinical safety.
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Introduction

Hepatocellular carcinoma (HCC) refers to malignant 
tumor diseases with lesions in the liver epithelial cells or 
mesenchymal tissues (1). HCC can be divided into primary 
or secondary level tumors (1). Primary liver malignant 
tumors are a type of high-risk malignant tumors. Notably, 
the incidence of primary liver malignant tumors in China is 
high. Secondary malignant liver tumors or metastatic liver 
tumors invade the liver from malignant tumors originating 
from multiple organs of the whole body, such as liver 
metastasis of malignant tumors of the stomach, pancreas, 
colorectum, ovary, uterus, or other organs (2). According 
to an epidemiological survey, HCC is the second leading 
cause of death related to malignant tumors worldwide, 
especially in the Asia-pacific region. Approximately  
380,000 patients with HCC die every year in China; a figure 
that accounts for half of the world’s total deaths (3). The 
main reason for the high clinical mortality rate of HCC is 
that the strong compensatory function of the human liver 
results in a lack of obvious symptoms in the early stage of 
HCC. Patients have often already entered the middle or 
advanced stages of the disease at the time of diagnoses. 
International medicine defines HCC as small hepatocellular 
carcinoma (SHCC), or subclinical HCC or early HCC, for 
which the maximum diameter of a single cancer nodule is no 
more than 3 cm or the sum of the diameters of two nodules 
is no more than 3 cm. Patients usually have no obvious signs 
and symptoms of HCC, and the nodules of the tumor body 
are multi-spherical with distinct boundaries and uniform cut 
surfaces, and there is no bleeding or necrosis (4). Due to the 
rapid progression and high recurrence rate of HCC, early 
detection and the effective treatment of SHCC is key in 
delaying disease progression and reducing HCC mortality.

Anhydrous ethanol injection and hepatic artery 
embolization are common palliative methods in the 
treatment of advanced HCC. Liver transplantation has 
the highest success rate in the treatment of early HCC (5).  
According to relevant clinical standards, the maximum 
diameter of a single tumor must be no more than 5 cm or 
the maximum diameter of multiple tumors must be less 
than 3 cm, and the diameter of tumor body must be no 
more than 3 cm. HCC without macrovascular invasion 
and lymph node or extrahepatic metastasis is the most 
rigorous and best indication for liver transplantation (6). It 
has been reported that the cure rate of liver transplantation 
in patients with standard HCC may be as high as 75%, 
and the recurrence rate within 5 years is less than 10% (7).  
However, in clinical practice, liver source is extremely 

low and treatment costs are high, which causes obvious 
limitations to the application of liver transplantations. At 
present, surgical partial hepatectomy is a widely accepted 
and widely used surgical method; however, it has stringent 
requirements in terms of patients’ body conditions and 
relatively high trauma. Radiofrequency ablation (RFA) is 
a therapeutic method that can cure HCC without surgery. 
Recent studies have shown that this method is relatively 
effective and safe. There has been controversy regarding the 
most effective first line treatment modality for the patients 
who have small solitary hepatocellular carcinoma (HCC) 
(tumor size of 2–5 cm). In this paper, a literature review was 
undertaken to identify previous studies, and a meta-analysis 
was conducted to further explore the difference in the effect 
of RFA and routine resection for SHCC and its application 
value to provide reliable guidance for clinical practice.

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/jgo-21-52).

Methods

Inclusion criteria

Type of study
All patients with SHCC underwent RFA in randomized or 
non-randomized controlled trials associated with routine 
resection, regardless of sample size, double-blindness, and 
assigned concealment. The papers were published between 
January 2008 and December 2019. The accompanying 
manuscript does not include studies on humans or animals. 
Ethics approval could be avoided for this research.

Inclusion criteria
To be eligible to participate in this study, patients had to 
meet the following inclusion criteria: (I) Have received 
a first clinical diagnosis of SHCC consistent with the 
standard specified that states that “the maximum diameter 
of a single cancer nodule should not exceed 3 cm; the 
number of multiple cancer nodules shall not exceed two, 
and the total maximum diameter shall be less than 3 cm”; (II)  
have a Child-Pugh grade of A or B for liver function, no 
serious chronic disease, and no major organ failure; (III) 
have completed a first-time treatment; (IV) have undergone 
treatments limited to RFA and routine resection. Notably, 
were no limitations in terms of age, sex, race, or nationality. 

Interventions
Participants in the RFA group underwent RFA, while those 
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in the conventional resection group underwent traditional 
partial hepatectomies.

Outcome indicators
The outcome indicators for this study were patients’ 1-, 
3-, and 5-year overall survival rate, and the incidence of 
complications during treatment.

Exclusion criteria

Participants were excluded from the study if: (I) they 
presented with HCC recurrence or other liver diseases; (II) 
they had Child-Pugh Grade C liver function; (III) they were 
not being treated for the first time; (IV) they were being 
treated with anhydrous ethanol, drugs or other therapeutic 
programs, such as interventional therapy; and/or (V) their 
data could not be extracted from the literature.

Retrieval strategy

In accordance with the systematic evaluation method 
provided by Cochrane Collaboration, PubMed, The 

Cochrane Library, Embase, CNKI, Chinese biomedical 
literature, VIP Chinese journal, and the Wanfang Database 
were used to comprehensively search for and identify 
relevant papers published between January 2008 and 
December 2019 on clinical control studies of RFA and 
routine resection in the treatment of SHCC. The retrieval 
method used subject word retrieval. The subject words 
included HCC, SHCC, RFA, routine resection. English 
retrieval terms were linked by “and”. Figure 1 shows the 
retrieve and selection guide flow chart for this study.

Evaluation index

The evaluation index comprised: (I) a clinical efficacy 
evaluation; that is, an evaluation of the overall survival rate of 
SHCC patients in the RFA and conventional resection groups 
within 1, 3, and 5 years; and (II) a clinical safety assessment 
of the incidence of complications (including rupture and 
hemorrhage of HCC, hemorrhage of upper digestive tract, 
perforation of gastrointestinal tract, ascites, bloody pleural 
effusion, hepatic encephalopathy, incision infection, and liver 
and kidney failure) during the implementation of different 

Relevant papers obtained through the 
database search (total n=287): PubMed (n=68), 

Cochrane Library (n=59), Embase (n=32), 
CNKI (n=32), CBM (n=43), VIP (n=35), and the 

WanFang Database (n=18)
Relevant papers obtained through other 

resources (n=0)

Papers remaining after duplicates were 
removed (n=202)

Papers excluded for failing to meet the 
inclusion criteria (n=165)

Read the title and abstract for the first 
screening (n=197)

Excluded (total: n=19) for incomplete 
data (n=7), wrong data (n=8), and failure 
to meet the inclusion criteria (n=4)

Read the full text for the second 
screening (n=32)

Included in the qualitative synthesis of 
the literature (n=13)

Included in the quantitative synthesis of 
the literature (meta-analyses) (n=13)

Figure 1 Retrieve and selection guide flow chart.
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treatment schemes in the two groups.

Evaluation methods

Literature extraction
The papers were first independently selected. Data were 
then extracted and cross-checked by two researchers. To 
ensure that the quality of the literature extraction was 
consistent with the analysis results, the PICO (i.e., P—the 
object of the study, I—interventions, C—research contrast, 
O—the results of the study) principle was followed. Data 
sorting was used to summarize the data design in relation to 
the following basic characteristic indicators: the first author, 
year of publication, grouping design, and quality score. 

Literature quality evaluation
Randomized controlled trials and non-randomized 
controlled trials were included in the selected literature 
review, and their quality evaluations were classified 
according to the Oxford Center for Evidence-Based 
Medicine’s Evidence Evaluation System. Under this system, 
Grade A refers to randomized controlled clinical trials, 
cohort studies, all or no conclusive studies, and evidence 
of clinical decision rules that are consistent and validated 
in different populations; Grade B refers to prospective 
cohort studies, retrospective cohort studies, case-control 
studies, ecological studies, outcome studies, and evidence 
derived from Grade A evidence that is consistent; Grace C 
refers to case sequence studies and evidence derived from 
Grade B evidence; and Grade D refers to studies in which 
there is a lack of expert opinion for critical evaluations or 
evidence based on basic medical research. The literature 
quality grades A–D range from excellent to poor. A P<0.05 
indicated a statistically significant difference.

Statistical analysis
A meta-analysis was undertaken using the methods provided 
by the Cochrane Collaboration and RevMan 5.3 software. 
Data heterogeneity between the two groups was tested using 
a Chi-square test. If I2<50%, and P>0.1, no heterogeneity 
was found, or the heterogeneity was small. A fixed-effect 
model was used for the meta-analysis. If I2≥50%, and P≤0.1, 
heterogeneity was found. The random-effects model was 
used for the meta-analysis after the obvious influence of 
heterogeneity was found and excluded. Binomial variables 
were described by ratio OR and 95% confidence intervals 
(CIs). A descriptive analysis was used for the sensitivity 
analysis. A P<0.05 and a P<0.001 indicated that the 

difference was statistically significant.

Results

Literature retrieval results, data extraction, and basic 
characteristics

A total of 13 papers were identified for inclusion in this 
study, including 5 randomized controlled trials, 8 non-
randomized controlled trials. Of which, 1 was a Grade 
A publication, 6 were Grade B publications, and 6 were 
Grade C publications. A total of 2,384 patients were 
included in the study (of whom 1,539 were male and 845 
were female). In relation to Child-Pugh grade, 1,792 cases 
were Grade A and 449 cases were Grade B (liver function 
grade was not stated in one publication). In relation to 
the groups, the RFA group comprised 1,256 patients 
(52.68%) and the conventional resection group comprised  
1,128 patients (47.32%). The overall and tumor-free 5-year 
survival rates of the objects of study were described in all 
13 papers within 1, 3, and 5 years. The literature retrieval 
results, data extraction and basic characteristics are shown 
in Tables 1 and 2.

Data analysis of results

Overall survival rates of patients in the RFA and 
conventional resection groups
Among the 13 publications included in the meta-analysis, 
a Chi-square test (P=0.13, I2=37%) revealed no significant 
heterogeneity. The effect size of 1-year overall survival rate 
in the two groups was OR, 0.78 (95% CI, 0.43–1.38); Z 
test: P=0.32. The difference was not statistically significant 
(see Figure 2).

Among the 13 publications included in the meta-
analysis, a Chi-square test (P=0.02, I2=58%) showed 
heterogeneity. The effect size of the 3-year overall survival 
rate for the two groups was OR, 0.71 (95% CI, 0.48–1.05);  
Z test: P=0.07. The difference was not statistically 
significant (see Figure 3). 

Among the 13 publications included in the meta-analysis, 
12 described the overall survival rate within 5 years. A 
Chi-squared test (P=0.14, I2=40%) showed no significant 
heterogeneity. The effect size of the 5-year overall survival 
rate for the two groups was OR, 0.55 (95% CI, 0.40–0.72), 
and the OR value was within the CI, excluding 1; Z test: 
P<0.0001. The difference was statistically significant (see 
Figure 4).
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Table 1 Basic information in relation to selected papers

First author Paper
Year of 

publication
Grouping design

Number of 
cases

Average age 
(years)

Gender (male/
female)

Child classification 
(A/B) 

Quality 
evaluation

Kannerup (8) 2008 RFA group 85 55.2±10.3 63/22 68/17 B

Conventional resection group 85 54.8±10.9 61/24 65/20

Gisele (9) 2009 RFA group 110 55.6±13.2 72/38 87/23 B

Conventional resection group 110 56.4±14.5 74/36 88/22

Elaine (10) 2010 RFA group 90 66±11 58/32 70/20 C

Conventional resection group 74 64±12 46/28 59/15

Tan (11) 2010 RFA group 81 47 [26–78] 62/19 – C

Conventional resection group 62 50 [25–80] 47/15 –

Yves (12) 2011 RFA group 158 66.3±10.9 96/62 126/32 B

Conventional resection group 158 65.7±12.0 99/59 124/34

Dachen (13) 2012 RFA group 108 62 68/40 87/21 C

Conventional resection group 94 64 59/35 76/18

Safi-S (14) 2014 RFA group 60 66 [40–80] 39/21 48/12 C

Conventional resection group 60 65 [39–83] 38/22 45/15

Sena-I (15) 2014 RFA group 98 51.8±11.4 65/33 80/18 A

Conventional resection group 84 49.8±11.2 58/26 68/16

Xiang (16) 2015 RFA group 63 55±16 40/23 50/13 B

Conventional resection group 58 57±14 37/21 47/11

Han-Y (17) 2016 RFA group 120 66.0±9.8 77/43 89/31 B

Conventional resection group 100 66.5±10.2 64/36 84/16

Atsushi (18) 2017 RFA group 100 63.4±7.3 59/41 88/12 C

Conventional resection group 84 64.2±8.0 50/34 66/18

Ketevan (19) 2018 RFA group 86 56 [19–78] 47/39 65/21 B

Conventional resection group 86 53 [20–75] 48/38 67/19

Katharina (20) 2019 RFA group 97 60.8±9.7 64/33 83/14 C

Conventional resection group 73 61.2±9.9 48/25 62/11

Total – – – 2384 – 1,539/845 1,792/449 –

Complication rate between the RFA and conventional 
resection groups
Among the 13 publications included in the meta-analysis, 
a Chi-square test (P=0.03, I2=74%) showed significant 
heterogeneity. The incidence of complications in the 
RFA group during treatment was lower than that in the 
conventional resection group (OR, 0.45; 95% CI, 0.32–
0.69), and the OR value was within the CI, excluding 1; Z 
test: P=0.0002. The difference was statistically significant 

(see Figure 5).

Discussion

HCC is a malignant tumor disease, and has high clinical 
morbidity and mortality rates. Its pathogenesis is a complex 
process that involves multiple factors and steps. Currently, it 
is generally believed that the occurrence of HCC is mainly 
influenced by environment and diet (21). The symptoms 
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Table 2 Survival of included patients 

Literature Grouping design
Number of 

cases

Total survival rate (%) Complication 
rate (%) Within 1 year Within 3 years Within 5 years

(8) RFA group 85 94.1 75.3 56.5 20.0

Conventional resection group 85 96.5 80.0 69.4 43.5

(9) RFA group 110 92.7 75.5 57.3 26.4

Conventional resection group 110 94.5 79.1 70.9 34.5

(10) RFA group 90 93.3 74.4 57.8 25.6

Conventional resection group 74 94.6 79.7 73.0 32.4

(11) RFA group 81 95.1 60.5 53.1 21.0

Conventional resection group 62 98.4 80.6 71.0 33.9

(12) RFA group 158 91.8 81.0 58.2 27.2

Conventional resection group 158 96.2 82.9 72.8 39.2

(13) RFA group 108 91.7 75.9 58.3 25.9

Conventional resection group 94 91.5 83.0 72.3 50.0

(14) RFA group 60 93.3 76.7 – 21.7

Conventional resection group 60 95.0 71.7 – 38.3

(15) RFA group 98 91.8 75.5 56.1 24.5

Conventional resection group 84 94.0 83.3 71.4 38.1

(16) RFA group 63 100.0 74.6 58.7 22.2

Conventional resection group 58 96.6 82.8 74.1 44.8

(17) RFA group 120 94.2 75.8 56.7 26.7

Conventional resection group 100 97.0 82.0 75.0 38.0

(18) RFA group 100 94.0 73.0 58.0 24.0

Conventional resection group 84 96.4 84.5 73.8 39.3

(19) RFA group 86 90.7 72.1 67.4 24.4

Conventional resection group 86 86.0 83.7 73.3 44.2

(20) RFA group 97 97.9 76.3 53.6 20.6

Conventional resection group 73 95.9 80.8 74.0 37.0

of patients with advanced HCC include obvious pain, 
abdominal distension, poor appetite, weakness and wasting, 
progressive liver enlargement or a palpable abdominal mass. 
Some patients may also suffer from low fever, diarrhea, and 
upper gastrointestinal bleeding. Once HCC rupture and 
bleeding induces an acute abdomen, the life of a patient 
is directly threatened (22). At present, the effectiveness of 
surgical partial hepatectomy and RFA in the treatment of 
SHCC has been unanimously recognized by the medical 

community. The Asia-Pacific Association for the Study of 
the Liver and other associations believe that both these 
surgical methods can be used as the first-line treatment 
for HCC with tumors less than 3 cm in diameter (23).  
However, with the rapid development of modern medical 
technology and the rapid progress of minimally invasive 
technology, an increasing number of doctors and patients 
prefer treatment plans that result in less trauma and faster 
recovery. Clinical attention has been directed to and 
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Figure 2 Comparison of the overall survival rate within 1-year between the radiofrequency ablation (RFA) and conventional resection 
groups.

Figure 3 Comparison of the overall survival rate within 3 years between the radiofrequency ablation (RFA) and conventional resection 
groups.
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Figure 4 Comparison of the overall survival rate within 5 years between the radiofrequency ablation (RFA) and conventional resection 
group.

Figure 5 Complication rates for patients in the radiofrequency ablation (RFA) with conventional resection groups.
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research has been actively exploring a treatment method 
that balances the therapeutic effects and costs.

It is generally recognized in Chinese clinical medicine 
that if “the largest diameter of a single cancer node in HCC 
is no more than 3 cm, or the sum of the diameters of two 
nodules is no more than 3 cm”, then the HCC is subclinical 
HCC or early HCC (i.e., SHCC) (24). As the early stage 
of HCC, SHCC has no obvious clinical symptoms, and its 
timely detection and treatment can effectively block the 
progression and spread of HCC, significantly reducing 
clinical mortality (25). In this paper, a meta-analysis was 
conducted in which 13 publications from recent years were 
identified. According to the summary data, RFA and routine 
resection were used to treat more male patients than female 
patients with SHCC in clinical practice. Patients’ liver 
function grades were mainly grade A and grade B, which 
may be related to the common causes of HCC. Patients with 
hepatitis B and C, viral hepatitis complicated with cirrhosis, 
and those with a family history of HCC represent multiple 
HCC prone groups, are mainly affected by environment, 
diet, virus infection and other multiple factors (26).  
A history of drinking alcohol can increase the risk of 
hepatocirrhosis, fatty livers, and other liver-related diseases 
and also the risk of HCC increases accordingly, therefore, 
liver function is further impaired. 

The comprehensive data showed that there were 
1,256 patients in the RFA group, and 1128 patients in 
the conventional resection group. Of the patients, 1,176 
and 1,069 patients survived within 1 year, and the overall 
survival rate was 93.6% and 94.8% for each group, 
respectively. In the meta-analysis, a Chi-square test 
(P=0.13, I2=37%) indicated that there was no significant 
heterogeneity between the two groups. The overall survival 
rate combined with the effect-size results (OR, 0.78; 95% 
CI, 0.43–1.38; Z test: P=0.32) indicated that there was no 
statistically significant difference in the overall survival 
rate of patients with SHCC within 1 year under the two 
surgical treatments. Within 3 years, there were 940 and 
924 surviving patients in the two groups for which the 
overall survival rates were 74.8% and 81.95 for each group, 
respectively. A Chi-square test (P=0.02, I2=58%) showed 
heterogeneity. However, the effect-size analysis (OR, 0.71; 
95% CI, 0.48–1.05; Z test: P=0.07) indicated that the 
difference was also not statistically significant. Thus, both 
RFA and routine resection have good and similar early 
effects in the treatment of SHCC, and patients had an 
overall survival rate of over 74% within 1–3 years.

A total of 12 of the 13 publications examined the overall 

5-year survival rate of patients. A Chi-square test (P=0.14, 
I2=40%) revealed no significant heterogeneity; however, 
the effect size of the two combinations was OR, 0.55 (95% 
CI, 0.40–0.72). The OR value was within the CI and the 
CI, excluding 1. The results for the Z test (P<0.0001) 
showed that the difference was statistically significant. The 
results also showed that routine resection was superior to 
RFA in the long-term treatment of SHCC. This may be 
related to the restrictions of the current RFA technique 
level. The basic principle of operation is that heating 
current stimulation lesions causes focal cell degeneration 
necrosis. The operation temperature is influenced by 
factors such as liver blood circulation, tissue density, and 
local temperature, which can cause lesions that are difficult 
to control and can prevent the expected effect from being 
reached (27). In addition, liver tumor lesions have complex 
three-dimensional structures, and the cross-distribution of 
internal blood vessels and branch bile ducts can affect the 
field of RFA and easily lead to cancer cell residues.

The application safety of the two surgical methods was 
compared. A Chi-square test (P=0.03, I2=74%) showed 
significant heterogeneity. The complication rate of the RFA 
group was lower than that of the conventional resection 
group during treatment (OR, 0.45; 95% CI, 0.32–0.69. The 
difference was statistically significant (Z test: P=0.0002), 
suggesting that the application of RFA is reduces the risk 
of complications during treatment. The implementation 
of a conventional partial hepatectomy requires doctors to 
accurately locate all lesions under direct vision to achieve 
a complete resection. Thus, this procedure requires a 
complicate surgical operation, and patients with long 
intraoperative exposure and large incision trauma are prone 
to complications such as bleeding, incision infection, and 
liver failure (28). RFA also requires a complicate surgical 
operation, but the trauma is much less than that of a routine 
resection, and patients have better intraoperative safety. 
Related complications mainly include accidental puncture 
during operation, thermal radiation injury, gastrointestinal 
perforation, or tumor metastasis in the chest and abdominal 
wall. Patients undergoing RFA generally have a short 
hospital stays and relatively fast postoperative recovery 
times, which is more advantageous for patients with SHCC, 
who are old, have poor cardiopulmonary function, or a 
surgical intolerance.

In summary, RFA can achieve a short-term effect similar 
to that achieved by the routine resection in the treatment of 
SHCC, but the long-term effect of this surgical treatment 
is somewhat poor, and the 5-year survival rate of patients is 
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low. The complication rate of RFA is low and it has a high 
level of clinical safety.
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