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Introduction

Hepatocellular carcinoma (HCC) is a common malignant 
liver tumor. The incidence of HCC in China ranks fifth 
among all malignant cancers, and its death toll ranks third 

among malignant tumors (1). While metastasis recurrence 

is the main reason for the high mortality of HCC, current 

research shows recurrent liver lesions can be controlled 

by radiofrequency ablation (RFA), liver transplantation, 
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Discussion: The MDLT is a prognostic indicator for hepatectomy, and hepatectomy can effectively 
prolong the survival time of HCC + LM patients.
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repeated surgical resection, and radiation therapy. However, 
there is currently no clear treatment for extrahepatic 
metastases (2). Several studies have shown that hepatectomy 
is the most effective and thorough treatment method 
for liver cancer, but recurrence and metastasis rates after 
hepatectomy are higher than other methods (3). Liver 
cancer tumors are more likely to invade the portal vein at 
an early stage and metastasize to other parts of the liver 
through it, resulting in recurrence rates within 2 years 
after resection reaching 70%, and within 3 years of surgery 
being as high as 81% (4). Other studies have shown that 
the multicentric growth of liver tumors causes certain 
restrictions in the implementation of hepatectomy, and due 
to the particularity of liver tumor sites, only 25% of patients 
can undergo the procedure (5).

Once extrahepatic metastasis occurs in liver cancer, the 
median survival time is generally about 8.1 months (6). 
The most common site for extrahepatic metastases is the 
lung (38.4%), followed by bone (32.6%) and lymph node 
metastasis (24.6%) (7). At present, the treatment of HCC 
+ LM is controversial. Some researchers believe that HCC 
+ LM patients should be controlled by palliative care and 
symptomatic supportive treatment (8). However, others 
have proposed that HCC + LM patients can undergo 
both hepatectomy and distant metastasis resection, and 
as the deaths of HCC + LM patients are mostly caused 
by uncontrolled HCC, controlling tumors in the liver 
is of great significance to the treatment of extrahepatic 
metastases (9).

In summary, controversy remains as to whether 
hepatectomy is beneficial to HCC + LM patients. Therefore, 
a meta-analysis of the relevant treatment methods of 
hepatectomy in HCC + LM patients was implemented, and 
the curative effect and prognostic risk factors of HCC + LM 
patients after hepatectomy were discussed and explored to 
provide reliable references for its clinical treatment.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1784).

Methods

Inclusion methods

Patients with primary liver benign tumors and malignant 
tumors combined with lung metastasis (LM) were selected 
as the research objects. The types of included studies were 
retrospective controlled studies and prospective cohort 
studies. The treatment methods mentioned covered non-

hepatectomy treatment in the NH group which included 
RFA, radiotherapy, targeted therapy, chemotherapy, 
radioactive seed implantation, and absolute alcohol 
injection, while hepatectomy was adopted in the H group. 
Observation indicators included basic information of the 
authors, the number of subjects, age of the subjects, the 
proportion of patients with preoperative AFP <20 ng/mL, 
the number of liver tumors ≥2, MDLT, MDLM, survival 
rate 1, 3, and 5 years after treatment, and MST after 
hepatectomy.

Inclusion and exclusion criteria

Inclusion criteria: SCI papers on clinical trials published 
between January 2000 to January 2020 providing 
original data; SCI papers adopting non-hepatectomy and 
hepatectomy to treat HCC + LM patients, which recorded 
the patient’s age, AFP value, number of liver tumors, 
MDLT, MDLM, and other parameters before hepatectomy, 
and those which tracked the survival rates of patients at 1, 3, 
and 5 years after surgery, and analyzed the MST.

Exclusion criteria: literature that was duplicated; 
literature reviews; literature published in a non-English 
language or in which the original data was not available; 
literature reporting research without an NH group; animal 
experiments; literature without index data, or which 
referred to patients who had not undergone surgery for 
various reasons.

Literature search strategy

The keywords “HCC”, “pulmonary”, “metastasis”, 
“hepatectomy”, and “meta-analysis” were searched online 
in PubMed (2000–1/2020), Nature (2000–1/2020), Web 
of Science (2000–1/2020), Springer (2000–1/2020), and 
Science Direct (2000–1/2020). In addition, the keywords 
were linked with “or” and “and”. Publicly published 
clinical studies on the treatment of HCC patients with lung 
metastases using hepatectomy during the current search 
period were searched again, and all keywords were freely 
combined. After multiple searches, the search engine was 
used to track the documents.

Literature screening and data extraction

The selection of relevant documents and extraction of 
research indicators were independently performed by two 
investigators, while a third investigator was consulted when 
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was consensus could not be reached. Finally, the Cochrane 
Evaluation Manual 4.2.6 was employed to evaluate included 
literature. Literature was divided into three grades; low 
deviation, moderate deviation, and high deviation. The 
evaluation criteria included: whether the surgical method 
was correct and clear; whether the research results were 
clear; and whether the intention-to-treat analysis method 
was applied to the results. The literature was initially 
screened by reading the titles, and the original author was 
contacted where possible to resolve any uncertainty. The 
abstract and full text were then read to determine eligibility. 
Information on all available variables from selected studies 
was then extracted and entered into a Microsoft Excel 
database. This included: (I) basic information: article title, 
first author, year of publication, journal published, research 
type, and start and end time of the research; (II) research 
objects: number of samples included in the study and age 
and gender ratio of the research objects; (III) evaluation 
methods: preoperative index detection and evaluation, 
and postoperative survival tracking and statistics; (IV) 
observation indicators: age, proportion of patients with AFP 
<20 ng/mL, number of liver tumors ≥2, MDLT, MDLM, 
SR 1, 3, and 5 years after treatment, and MST.

Statistical analysis

All data were analyzed with STATA 12.0 software (Stata 
Corporation, College Station, Texas, USA). For the 
heterogeneity of the results, Cochran’s chi-square test was 
employed, the test level α=0.1, and I2 was to quantitatively 
analyze the size of the heterogeneity. The appropriate 
merging method was selected according to the results of the 
heterogeneity test. If P>0.1 and I2≤50%, the heterogeneity 
of the included studies was small, and the fixed effects model 
(FEM) was adopted for merging. If P≤0.1 and I2>50%, the 
included studies were heterogeneous, and further analysis 
to determine and minimize the source of heterogeneity 
was conducted. After the influence of heterogeneity was 
excluded, the random effects model (REM) was utilized for 
meta-analysis.

The enumeration data was represented by relative 
risk (RR), and the measurement data was represented by 
mean deviation (MD) and standard deviation (SD). Each 
effect size was given its point estimate and 95% CI, and 
if necessary, the MD and SD could be estimated based 
on the available median and CI or range. The sensitivity 
was analyzed by excluding studies with the lowest quality 
scores. Meta-analysis was performed according to the time 

sequence of literature publication to evaluate the stability of 
the effect size, and the inspection level satisfied =0.05.

Results

Document screening process and search results

The initial search retrieved 338 English articles. The 
distribution of articles saw 156, 85, 37, 19, and 28 in the 
PubMed, Web of Science, Spring, Nature, and Science 
Direct database, respectively, while 13 articles were 
retrieved from the referenced literature and reviews. 
After repetitive articles were screened using Endnote X8 
software, 162 were obtained, then following the exclusion 
of reviews, conference essays, case analysis, and risk factor 
assessment based on the literature titles, article abstracts, 
and research contents, 25 articles remained. After further 
intensive reading of the articles, 13 with no original data 
and uncontrolled studies were excluded, and 12 were finally 
included for analysis. Specific information regarding each 
article is shown in Table 1.

Age of patients

A total of nine articles analyzed the age of subjects, and 
meta-analysis results show there was no remarkable 
difference in the ages of the two groups of patients 
(heterogeneity I2=29%, and P=0.18) (Figure 1). Further 
analysis using an REM showed that there also no statistical 
difference in age between the two groups (MD =−0.70, 95% 
CI: −2.32 to 0.91; Z=0.851, and P=0.39).

Alpha fetoprotein value

A total of eight articles tested AFP in HCC + LM patients 
before surgery, and statistically analyzed the proportion of 
patients with AFP <20 ng/mL. The results show there was 
no obvious heterogeneity in the proportion of patients with 
AFP <20 ng/mL before hepatectomy in group H and NH 
(I2=0%, and P=0.56) (Figure 2). Further analysis using REM 
showed that the proportion of two groups of patients with 
AFP <20 ng/mL was not statistically different (RD=−0.02, 
95% CI: −0.06 to 0.021; Z=0.82, P=0.41).

Number of tumors

The number of liver tumors in HCC + LM patients was 
reported in eight articles, and the proportion of patients 
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Table 1 Basic information of the included literature

Included study State Study design
Total number  
of patients

Number of patients  
in group H

Number of patients 
in group NH

Tomimaru [2006] (10) Japan Retrospective controlled study 14 8 6

Zhang [2008] (11) China Retrospective controlled study 105 41 64

Hu [2017] (12) China Retrospective controlled study 97 71 26

Hwang [2012] (13) Korea Retrospective controlled study 43 20 23

Hu [2018] (14) China Retrospective controlled study 81 9 72

Li [2014] (15) China Prospective controlled study 828 218 610

Zhao [2017] (16) China Retrospective controlled study 118 54 64

Vlad [2014] (17) France Retrospective controlled study 35 16 19

Yang [2012] (18) China Prospective controlled study 76 35 41

Hu [2003] (19) Taiwan Prospective controlled study 115 52 63

Zhu [2012] (20) China Retrospective controlled study 402 200 202

Kow [2015] (21) Korea Retrospective controlled study 41 30 11

Figure 1 Age comparison between patients in the two groups.

Figure 2 Comparison AFP values between the two groups before surgery. AFP, Alpha fetoprotein.
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with ≥2 tumors was counted in the two groups. Figure 3 
shows that the proportion of patients with ≥2 tumors in 
group H and group NH was visibly heterogeneous (I2=0%, 
and P=0.79), and analysis using REM revealed that the 
proportion of the two groups of patients with liver tumors 
≥2 did not differ statistically (RD =−0.04, 95% CI: −0.09 to 
0.01; Z=1.39, and P=0.16).

Maximum diameter of liver tumor

A total of nine articles analyzed the MDLT of HCC + LM 
patients, and the results are shown in Figure 4. While it can 
be seen that the MDLT in the two groups had no obvious 
heterogeneity (I2=46%, P=0.06), analysis using REM 
disclosed that MDLT between the two groups showed great 
difference (MD =−0.62, 95% CI: −1.20 to −0.04; Z=2.09, 
P=0.04).

Maximal diameter of LM

The MDLM of HCC + LM patients was determined 
in five articles and the results are given in Figure 5. The 
heterogeneity between group H and group NH was obvious 
in MDLM (I2=61%, P=0.04), and the analysis based on 
REM showed no statistical difference in MDLM between 
the two groups (MD =−0.09, 95% CI: −0.30 to 0.13; 
Z=0.80, P=0.42).

Survival rate 1 year after hepatectomy

The SS 1 year after treatment was tracked in 11 articles 
and the results are shown in Figure 6. There was no notable 
heterogeneity in SS 1 year after treatment for different 
methods (I2=0%, P=0.63), and further analysis with FEM 
suggested there was no obvious difference in SS between 

Figure 3 Proportion of patients with number of liver tumors ≥2 in patients of the two groups.

Figure 4 Maximal diameter of liver tumors of patients in the two groups.
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the two groups (MH =2.91, 95% CI: 2.25–3.76; Z=8.20, 
P<0.00001).

Survival rate 3 years after hepatectomy

The SS 3 years after treatment was tracked in 11 articles, 
and the results are shown in Figure 7. There was a notable 
heterogeneity in SS 3 years after the surgery for different 
methods (I2=68%, P=0.0005), and further analysis with 
FEM showed there was no obvious statistical difference 
between the two groups (MH =2.80, 95% CI: 2.22–3.52; 
Z=8.73, P<0.00001).

Survival rate 5 years after hepatectomy

The SS 5 years after treatment was also tracked in 11 
articles, and the results are shown in Figure 8. This shows 
there was no visible heterogeneity in SS 5 years after the 
surgery for different methods (I2=10%, P=0.35), while 

further analysis using FEM indicated that there was no 
statistical difference between the two groups (MH =4.96, 
95% CI: 3.74–6.59; Z=11.09, P<0.00001).

Mean survival time

The MST was tracked and counted in different groups of 
patients and the results are illustrated in Figure 9. There 
was a remarkable heterogeneity in MST after hepatectomy 
for different treatment methods (I2=98%, P<0.00001), and 
the REM disclosed a dramatic statistical difference in MST 
after surgery between the two groups (MD =17.30, 95% CI: 
11.78–22.83; Z=6.14, P<0.00001).

Discussion

Liver cancer is one of the common malignant tumors. Primary 
liver cancer mainly includes HCC, cholangiocarcinoma, 
mixed HCC, and cholangiocarcinoma (22), among which, 

Figure 5 Comparison on maximal diameter of lung metastasis in the two groups of patients.

Figure 6 Survival rate 1 year after the surgery for the two groups of patients.
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Figure 8 Survival rate 5 years after the surgery for the two groups of patients.

Figure 9 Comparison on mean survival time for the two groups of patients.

Figure 7 Survival rate 3 years after the surgery for the two groups of patients.
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HCC accounts for the highest proportion, reaching  
90% (23). With the progress and development of modern 
medical technology and the popularization of evidence-
based medicine, the National Comprehensive Cancer 
Network (NCCN) provided clear supplements and 
explanations for the diagnosis and treatment of liver 
cancer in 2015 (24). However, despite this and recent 
improvements in morbidity and mortality, the current 
prognosis of liver cancer patients is still poor.

The lung is the most common site of extrahepatic 
metastasis in patients with liver cancer, and its metastasis 
rate has reached 43.4% (25). This is because of its lower 
circulation pressure than other body regions, which 
allows cancer cells to easily accumulate, increasing the 
probability of metastasis (26). Patients with LM are often 
in the advanced stage of liver cancer, which seriously affects 
the prognosis (27). The current treatment of liver cancer 
with metastases remains controversial. Currently, surgical 
resection, chemotherapy, radiotherapy, RFA, targeted 
therapy, and absolute alcohol injection are used to treat 
HCC lesions with LM (28). While chemotherapy for 
HCC combined with distant metastasis of other organs 
is a better treatment method, most patients experience 
intolerance during chemotherapy, and their SS decreases 
significantly (29). Surgical resection is also an effective 
means to treat patients with HCC metastasis, but even it 
has a high recurrence rate of around 70% within 5 years of 
surgery (30). AFP is a globulin produced by the liver and 
yolk sac. The abnormal differentiation of cancer cells in 
patients with liver cancer results in a significantly higher 
AFP content than normal humans (31). Moreover, the 
content of AFP in serum has a significant correlation with 
the number of cancer cells and degree of differentiation of 
liver cancer. Serum AFP content is directly proportional 
to tumor diameter, and as its content increases, recurrence 
and metastasis are more likely to occur (32). Therefore, 
the content of AFP in serum has important value for the 
diagnosis and treatment of liver cancer and the prediction 
of recurrence.

This meta-analysis included 12 clinical studies on the 
treatment of HCC + LM patients by hepatectomy, and the 
curative effect, prognosis, and SS of HCC + LM patients 
receiving and not receiving hepatectomy were compared. 
The results showed MDLT was much larger in the H 
group, and the SS 1, 3, and 5 years after surgery of the H 
group were much higher than those of the NH group. The 
MST in the H group was also obviously longer in contrast 
to the NH group. The results also showed that MDLT 

could be used as a prognostic indicator of hepatectomy, 
and hepatectomy could effectively extend the SS of patients 
after surgery and extend the survival time of HCC + LM 
patients.

Conclusions

This study used a meta-analysis to find and explore 12 
articles evaluating the curative effect, prognosis, and SS 
of HCC + LM patients after hepatectomy. The results 
showed that in patients receiving hepatectomy, MDLT was 
significantly larger, the 1 year, 3 years, and 5 years SS after 
surgery were considerably longer, and the MST was greatly 
extended, in comparison to a non-hepatectomy group. This 
shows that MDLT could be used as a prognostic indicator 
of hepatectomy, and that hepatectomy could effectively 
prolong the SS and extend the survival time of HCC + 
LM patients after surgery. Although this study did not 
analyze the postoperative complications and recurrence 
rate, the results still provide a reliable theoretical basis for 
the prognosis and survival of HCC + LM patients after 
hepatectomy.
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