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Abstract

:

Simple Summary


This is a systematic and meta-analysis study that looked at the hepatocellular carcinoma recurrence rate and its risk factors after liver transplantation. The recurrence rate, overall survival rate, and mortality rates in HCC patients post-liver transplantation remain relatively high. Significant regional differences exist in the prevalence of the recurrence, overall survival, and mortality rates. These findings will be of valuable guidance both for clinicians considering patients for an LT, and for providing tailored post-transplant HCC recurrence counselling to different populations with different risk levels.




Abstract


Background: liver transplantation (LT) is the best curative option for eligible patients with hepatocellular carcinoma (HCC), however recurrence remains a major concern. This meta-analysis aimed to investigate the prevalence and risk factors of HCC recurrence. Methods: studies were selected using PubMed, Epistemonikas, and Google Scholar databases published from inception to 15 May 2022 and a meta-analysis of the proportions was conducted. Observational studies reporting the prevalence of recurrent HCC after an LT were included, with the analysis being stratified by an adherence to the Milan criteria (MC), geographical region, AFP levels, and donor type. Results: out of 4081 articles, 125 were included in the study. The prevalence of recurrent HCC was 17% (CI: 15–19). Patients beyond the MC were more likely to recur than patients within the MC. Asian populations had the greatest prevalence of HCC recurrence (21%; CI: 18–24), whereas North American populations had the lowest recurrence (10%; CI: 7–12). The mortality rate after HCC recurrence was 9%; CI: 8–11. North American populations had the greatest prevalence of mortality with 11% (CI: 5–17). Conclusions: the recurrence, overall survival, and mortality rates among patients with HCC post-LT remains high, with substantial differences between regions.
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1. Introduction


Liver cancer currently ranks sixth in the list of the most common cancers worldwide and is the third leading cause of all cancer mortalities, making it a significant global health challenge. In 2020, the incidence of liver cancer exceeded 900,000 cases and there were more than 830,000 liver cancer-related deaths [1,2,3].



Liver transplantation (LT) is considered the best option as a curative treatment for eligible patients, with survival rates of approximately 70% in 5 years [4,5,6]. Hepatocellular carcinoma (HCC) recurrence post-transplantation remains a concern, with significant morbidity and mortality rates. Even with an adherence to the most stringent criteria for transplant listing, the recurrence of HCC post-transplantation is seen with rates ranging from 8 to 20% [7,8].



The release of cancer cells during surgery or the prevalence of occult metastases post-LT gives rise to HCC recurrence [9], which can be either intra-hepatic or distant. The most common sites for a recurrence are the lungs, lymph nodes, and bone, with the presence of vascular invasion and satellite nodules in the explant being a recognized risk factor, along with the quantity and size of the tumours [10]. The time of a recurrence onset varies and is broadly divided into early- or late-onset, with the latter occurring after 2 years from a transplantation. Early onset recurrence is associated with a poor prognosis and it is likely a result of pre-existing malignant cells at the time of transplantation [11].



Some of the oncological predictors of HCC recurrence are well known. Examples of such predictors include: evidence of vascular invasion, the tumour differentiation degree, and the size and number of nodules. Non-oncological risk factors that may be associated with HCC recurrence include: age, blood transfusion, a prolonged cold ischemia time (>10 h), and a warm ischemia time >50 min [10].



Given the significant morbidity and mortality associated with HCC recurrence post-LT, it is important to have a better understanding of post-LT HCC recurrence across a wide range of patient cohorts [12,13,14]. Although there are observational studies that have evaluated HCC recurrence, survival, and mortality rate after a liver transplantation, they lacked proper secondary evidence. Thus, with this background, we conducted a systematic review and meta-analysis to assess the overall prevalence of HCC recurrence, survival, and the mortality rate after a liver transplantation procedure.




2. Methods


The current meta-analysis was performed according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA). The PRISMA checklist is a quality tool for including relevant information [15]. The review was not registered.



2.1. Search Strategy


The literature search was conducted on PubMed, Epistemonikos, and Google scholar, from inception to 18 April 2022, with no date and language restrictions. The search utilized an extended combination of keywords and Medical Subject Headings (MeSH) including “Liver neoplasms”, “Biliary tract cancer”, “liver carcinoma”, “hepatoblastoma”, “Advanced stage”, “Metastatic”, “Stage-III, “Stage-IV”, “OS”, “PFS”, and “rate of recurrence”. We performed a separate search for the systematic reviews to compare the list of included studies with the studies retrieved from the searches. Complete details about the search terms used in various databases have been listed in Supplementary Table S1.




2.2. Study Eligibility Criteria


The eligibility criteria for the review were designed according to the PICOS (Population–Intervention–Comparator–Outcome–Study design) format. We included studies that met the following criteria: an observational study design such as a cross-sectional, case-cohort, and cohort study on patients with hepatocellular cancer who had undergone a liver transplant, irrespective of age; gender; ethnic, economic; or regional status, and reported any of the following outcomes: the rate of recurrence and mortality. Duplicate studies, abstracts, letters, editorials, conference proceedings, retracted publications, review articles, meta-analyses, non-population-based studies, and interventional studies were excluded.




2.3. Study Selection


Two authors (KB, VK) independently performed first-pass screening (FPS) by reviewing the titles and abstracts of all the records retrieved to identify articles that potentially met the predefined eligibility criteria. The full texts of the eligible titles were downloaded and reviewed independently by 2 authors (KB, VK) in the second-pass screening (SPS) to determine relevant inclusion in the final analysis. The discrepancies regarding the selection of studies between the 2 reviewers during the FPS and SPS were resolved through a discussion, consensus, or consultation with a third reviewer (MA).




2.4. Data Extraction and Management


Two authors (KB, VK) independently extracted data from the included studies using predesigned data extraction templates. Discrepancies during the data extraction were resolved through a discussion with a third reviewer (MA). The following details were extracted: the study identification, author details, year of publication, geographical region, study objectives, study design and settings, patient sampling, characteristics of the study population (the age range, mean age, sex, and comorbidities), measures, and main findings (the rate of recurrence and mortality).




2.5. Statistical Analysis


The estimates of the rate of HCC recurrence and mortality were presented as proportions (%) with 95% confidence intervals (CI). To calculate the pooled prevalence estimates of the outcome variables, we applied the regional population size weights. Heterogeneity and its significance among the studies were determined by using the I2 statistic (% residual variation due to heterogeneity). Tau2 (method of moments estimate of between-study variance) was used for each of the pooled estimates. I2-value ranges from 0 to 100% and is considered as no, low, moderate, and high when I2-values are 0%, 25%, 50%, and 75%, respectively [16]. Given that the heterogeneity was very high (95–99% inconsistency), a random effect DerSimonian–Laird model was used in all analyses [16].



With regard to substantial heterogeneity, we used stratified analyses based on the study-level characteristics, such as the geographical region, age, publication year, various socioeconomic status, and male percentage to investigate the source of the heterogeneity. Cochran’s Q test, the degree of freedom (df), and the p-value resulting from Cochran’s Q test were applied in the assessment of the interaction between each factor’s subgroups. A p-value of <0.10 was considered statistically significant for Cochran’s Q test [17].



Meta-regression analysis was performed based on the year of publication to know how the HCC prevalence trend was changed over the period. Publication bias that may occur as a result of small study effects was identified by applying the funnel plots in addition to both Egger’s and Begg’s tests.



The statistical analyses were performed by using version 16 MP of STATA software, (StataCorp, College Station, TX, USA).





3. Results


A primary search of the databases retrieved 4028 studies. After the duplicates were removed, 3937 unique studies were screened, including 53 studies from a bibliographic search in determining whether the inclusion criteria, as described in the methodology section, had been met. It was found that 3713 studies were not related to the study topic or met one of the exclusion criteria. Two hundred and twenty-four studies were further assessed for eligibility through a full text examination, and 99 were excluded for not meeting the inclusion criteria. Finally, one hundred and twenty-five studies met the pre-defined eligibility criteria. The reasons for the exclusion of each study are shown in Figure 1. The list of articles that are excluded at the FPS level (n = 99) due to various reasons is presented in Supplementary Table S2.



3.1. Characteristics of Included Studies


All the studies included were published between 1991 and 2022. Sample size varied on a regional basis from 4 to 18,406, making a total of 55,333 patients. Although most of the studies included both men and women, one study included solely men. The participants’ ages ranged from 11.5 to 63.4 years old. Most of the studies were conducted in Europe, followed by Asia, North America, South America, and Africa. One hundred and twenty-five studies reported the data on the prevalence of the recurrence rate, whereas 53 studies reported mortality due to the recurrence rate. The characteristics of the included studies are summarized in Supplementary Table S3.




3.2. HCC Recurrence


All the included studies reported a prevalence of the recurrence rate among 55,333 participants with HCC after a liver transplantation. The pooled analysis revealed that a prevalence of the HCC recurrence rate is 17% (n = 55,333, 95% CI: 15–19; I2 = 98.1%, p = < 0.001, τ2 = 0.01), shown in Table 1 and Figure 2. The subgroup analysis between the HCC recurrence as per the year of the study’s completion revealed a decreasing trend; however, it was not statistically significant.




3.3. Recurrence Rate Based on Geographical Region


Region-wise data showed a significant change in the prevalence of HCC after an LT among a population from across the regions of the globe, ranging from 10% (95% CI: 7–12, p = 0.000) in the South American region to 12% (95% CI: 4–20, p = 0.005) in the African region and 14% (95% CI: 12–16, p = 0.000) in the European region. Studies from North American (19%, 95% CI: 12–25, p = 0.000) and the Asian region reported a higher prevalence rate of HCC 21% (95% CI: 18–24, p = 0.000). Moreover, most of the studies were conducted in the European region. A significant heterogeneity across the regions was observed (Q = 26.4, df = 4; p = 0.00).




3.4. Recurrence Rate Based on Milan Criteria


Twenty-nine studies investigated the prevalence of HCC among patients with an LT, based on the Milan criteria. A total of 1673 individuals met the Milan criteria prior to an LT, with a pooled prevalence of an HCC recurrence of 44% (95% CI: 18–24), compared to a pooled prevalence of 47 (95% CI: 37–57 among patients (n = 511) who did not meet the Milan criteria (Figure 3). However, these differences between the patients within and beyond the Milan criteria were not statistically significant (Q = 3.4, df = 1; p = 0.07).




3.5. Recurrence Rate Based on UCSF Criteria


A total of seven studies investigated the prevalence of HCC among patients with an LT, as per the UCSF criteria. A total of 74 individuals met the UCSF criteria prior to their transplantation, with a pooled prevalence of an HCC recurrence of 33% (95% CI: 18–48), compared to a pooled prevalence of 67% (95% CI: 51–82) among patients (n = 139) who did not meet the UCSF criteria. However, these differences between the patients within and beyond the UCSF criteria were statistically significant (Q = 35.4, df = 13; p = 0.00).




3.6. Recurrence Rate Based on Type of Donor


A total of ten studies investigated the prevalence of HCC among patients with an LT as per the type of donor. The prevalence of HCC was compared between the living donor liver transplant (LDLT) and the deceased donor liver transplant (DDLT) and was found to be 19% (95% CI: 12–26) and 81% (95% CI: 77–85), respectively. However, there was a significant heterogeneity difference in the prevalence between the patients who underwent with the LDLT and DDLT type (Q = 167.6, df = 9; p = 0.00).




3.7. Recurrence Rate Based on Countries Income


Countries of different socioeconomic levels wise data showed a substantial change in the prevalence of HCC after an LT, ranging from 12% (95% CI: 4–20, p = 0.005) in low-income countries to 16% (95% CI: 14–19, p = 0.000) in higher-income countries. Studies from the middle-income countries (19%, 95% CI: 15–24, p = 0.000) reported higher rates of a prevalence of HCC. Moreover, most of the studies were conducted in the high-income country’s region. When comparing the subgroups from various socioeconomic levels, no significant heterogeneity variation was observed in the prevalence of a recurrent HCC (Q = 2.63, df = 2; p = 0.27).




3.8. Recurrence Rate Based on Publication Year


Publication year wise data showed a substantial change in the prevalence of HCC after an LT, ranging from 15% (95% CI: 13–17, p = 0.000) in studies published between the period of 2010 and 2022 to 19% (95% CI: 14–24, p = 0.000) in studies published between the years of 2000 and 2009. Studies published between the years of 1990 and 1999 (23%, 95% CI: 13–32, p = 0.000) reported higher rates of the prevalence of HCC. Moreover, most of the studies were published between the years of 2010 and 2022. When comparing the subgroups of various periods, no significant heterogeneity variation was observed in the prevalence of a recurrent HCC (Q = 4.09, df =2; p = 0.13).




3.9. Recurrence Rate Based on Population Age


A total of one-hundred and seventeen studies reporting age wise data showed a notable change in the prevalence of HCC after an LT ranging from 16% (95% CI: 14–18, p = 0.000) in the population group with an age >50 years to 26% (95% CI: 17–34, p = 0.000) in the population group with an age <50 years. The majority of the studies published included patients >50 years. When comparing the subgroups of the population age groups with >50 years and <50 years, a significant heterogeneity variation was observed in the prevalence of a recurrent HCC (Q = 4.64, df = 1; p = 0.03).




3.10. Recurrence Rate Based on Pretransplant AFP


A total of 38 studies reported the data on the pre-transplant AFP levels, which were also used to stratify the prevalence of a recurrent HCC. A recurrent HCC occurred in 14% (95% CI: 11–17) of participants in studies where the mean AFP was less than 50 ng/mL, compared to studies with a mean AFP greater than or equal to 50 ng/mL, which found a pooled prevalence of 20% (95% CI: 14–26). When comparing the subgroups of AFP > 50 ng/mL and <50 ng/mL, there was a significant heterogeneity variation observed in the prevalence of a recurrent HCC (Q = 4.64, df = 1; p = 0.03).




3.11. Mortality Rate in HCC Patients after LT


A total of 53 studies, comprising 9959 participants, reported the mortality rate among HCC patients following a liver transplantation. The overall prevalence of the mortality rate was found to be 9% (95% CI: 8–11; I2 = 88.2%, p = 0.00, 2 = 0.00). North America had the greatest mortality rate (11% (5–17), followed by Asia (10% [95% 8–12]), and then Europe (10% [95% 7–12]). The relationship between an HCC recurrence and the study completion year demonstrated a decreasing trend in mortality, owing to HCC recurrence, however it was not statistically significant (p = 0.81). There was no difference in the prevalence rate of mortality due to HCC observed between the studies published in the middle- and high-income countries (9%), whereas no study was investigated in the low-income countries. The prevalence of the mortality rate doubled in the patients age group <50 years (18% [95% (6–30)] as compared to the patients age group >50 years (18% [95% (6–30)].




3.12. Publication Bias Assessment


Egger’s and Begg’s tests indicated a statistically significant publication bias for the HCC recurrence and its mortality rate estimates (Egger test: p = 0.0000 & 0.000, Begg’s test: p = 0.001 & 0.004, respectively). A visual examination of the funnel plots showed asymmetry and suggested a publication bias, as shown in Figure 4.





4. Discussion


We assessed the prevalence of the recurrence rate in participants with HCC after an LT through a comprehensive systematic review and meta-analysis, which reported a range between 15% and 19% in recurrence. The most recently published observational studies have also indeed demonstrated a similar trend in patients with HCC after an LT [18,19]. Moreover, the results of a recently published systematic review and meta-analysis also aligned with our findings [20,21,22].



Geographical region was identified as playing a major role in HCC recurrence rates, with a considerable variance ranging between 10% in South American studies and 21% in Asian studies. On the one hand, different ethnic groups and their genetic backgrounds might account for the higher HCC recurrence rates identified in the studies that were published in the Asian region; a cohort study carried out in the United States on around 400 patients with cirrhosis as a result of HCV infection found a four-fold increased risk of HCC in the Asian population, and a two-fold risk in African American men, when compared with Caucasians [23]. The risk factors, including diabetes mellitus, alcohol, hepatitis B infection, and non-alcoholic hepatic steatosis are well recognized as being major players for HCC and its recurrence in these regions [24].



AFP levels play a significant role in pre- and post-transplant outcomes. The current guidelines and recommendations indicate that pre-LT AFP levels provide a prognosis value for post-transplant outcomes, although a fixed threshold has not been established thus far given the broad discrepancies in the published literature to date [25]. Upon stratifying the analysis by mean AFP levels prior to the transplant, we identified a recurrence to be higher in those studies with a mean AFP of 50 ng/m. AFP levels have also been recommended as a predictor for a successful pre-transplant tumour size reduction, to which further investigation is essential [26].



Studies on HCC have highlighted a link between the level of income and recurrence and survival rates. Higher levels of income go hand-in-hand with improved healthcare access, which leads to an earlier diagnosis of cancer, underscoring the importance of comparing countries with various income levels [27]. Our analysis compared post-LT HCC recurrence in low-, middle-, and high-income countries using income level subgroups, as defined by the World Bank. We found that recurrence is higher among patients in middle-income than those in high-income countries. We hypothesize that better medical care in high-income countries may have resulted in disproportionately better rates of recurrence after an LT [27]. Our findings are also fairly aligned with a recently published systematic review conducted by Tan et al., who reported a 15% rate of HCC recurrence after an LT [22]. Further research into the link between personal income, access to healthcare, and HCC recurrence needs to be undertaken, acknowledging that there are income inequalities within countries, and that a country’s income is not representative of individual income [22].



Manzia TM et al. [28], in a systematic review, assessed the risk of immunosuppressives on malignancy post-liver transplantation. Malignant tumour recurrence and de novo malignancies are the most frequent cause of mortality in adult OLT recipients, with an incidence up to 26%. Calcineurin inhibitors (CNIs) seem to have a cancer-promoting influence while the mTORi might play a slight protective role, reducing the incidence of post-transplant malignancy. In an earlier study, Manzia et al. [29] demonstrated the feasibility of immunosuppression withdrawal in 40% and 60% of well-selected adult and paediatric liver transplant recipients. This is likely to be a beneficial factor in minimizing HCC recurrence post-transplant.



As for safety, the prevalence of mortality due to HCC recurrence after an LT was identified as 8–11%. This rate is particularly high in males, with a percentage greater than 50. This is not surprising given the fact that HCC significantly occurs more frequently in males. The reported male-to-female ratio of the incidence is at least 2:1, with reports as high as 4:1 across populations.



Tan DJH et al. published a systematic review and meta-analysis in 2021 [22], including 58 studies focusing on HCC recurrence with 40,495 patients, to which we have expanded on and provided novel findings. Our study includes over one hundred and twenty-five full-text studies which has allowed us to achieve more consistent pooled estimates. Second, whereas a previously published systematic review only presented the results of HCC recurrence rate in LT patients, we consolidated the quantitative evidence on the wide-ranging impact of the rate of recurrence and mortality due to the recurrence in patients with HCC who underwent an LT in various geographical regions across the globe. Third, having identified the potential source of heterogeneity between the studies and subgroups, we further performed stratified meta-analyses. Nonetheless, the study findings are subject to the following limitations: first, the results may be influenced by widely varying factors such as cultures and practices in different geographic areas across the world, and it is important to note that more studies had been conducted in Europe than in any other region. Second, differences in sample size (varying between a few hundred to a few thousand) may account for the higher heterogeneity in the outcomes. A low power and precision may generate a higher Cochran q (heterogeneity x2 test statistics) and I2. Finally, we did not perform a quality assessment for the included studies due to the high number of studies which are included in this systematic review.




5. Conclusions


Almost half of HCC patients worldwide who undergo an LT are faced with a recurrence. Geographical region has been identified to play a major role in HCC recurrence, overall survival, and the mortality rates, making these findings of valuable guidance both for clinicians considering patients for an LT, and for providing tailored post-transplant HCC recurrence counselling to different populations with different risk levels.
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Figure 1. PRISMA diagram of the literature selection in this systematic literature review and meta-analysis. 
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Figure 2. Pooled prevalence of HCC recurrence of all included studies. 
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Figure 3. Pooled prevalence stratified by Milan criteria in patients with HCC recurrence after LT. 
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Figure 4. (A) Funnel plot of prevalence off recurrence rate in patients with HCC who underwent LT treatment. (B) Funnel plot of prevalence of mortality due to recurrence in patients with HCC who underwent LT treatment. 
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Table 1. Stratified met analysis of the pooled prevalence of HCC recurrence and mortality due to recurrence.
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Subgroups

	

	
No of

Studies

	
Prevalence (%)

(95%CI)

	
Test for Heterogeneity

	
Between Subgroup Differences




	
Tau2

	
I2 (%)

	
p-Value

	
Q

	
df

	
p-Value






	
HCC Recurrence




	
Overall

	

	
125

	
17 (15–19)

	
0.01

	
98.1

	
<0.001

	
116

	
1964.8

	
0.00




	
Milan Criteria *

	
Accord with

	
29

	
44 (35–54)

	
0.06

	
93.5

	
<0.001

	
1

	
3.40

	
0.00




	
Do not accord with

	
29

	
57 (47–67)

	
0.06

	
97.6

	
<0.001




	
UCSF Criteria *

	
Accord with

	
7

	
33 (18–48)

	
0.03

	
83.6

	
<0.001

	
13

	
35.4

	
0.00




	
Do not accord with

	
7

	
67 (51–82)

	
0.03

	
83.6

	
<0.001




	
Transplant type *

	
Living donor

	
10

	
19 (12–26)

	
0.00

	
0.00

	
0.97

	
9

	
167.6

	
0.00




	
Deceased donor

	
10

	
81 (77–85)

	
0.00

	
0.00

	
0.78




	
Geographical Region

	
Africa

	
1

	
12 (4–20)

	
0

	
0.00

	
-

	
4

	
32.00

	
0.00




	
Asia

	
32

	
21 (18–24)

	
0.006

	
86.7

	
<0.001




	
Europe

	
55

	
14 (13–16)

	
0.004

	
89.2

	
<0.001




	
North America

	
28

	
19 (12–25)

	
0.029

	
99.6

	
<0.001




	
South America

	
9

	
10 (7–12)

	
0.001

	
74.4

	
<0.001




	
Study End Date

	
1991–1999

	
10

	
23 (15–32)

	
0.017

	
91.2

	
<0.001

	
2

	
4.09

	
0.13




	
2000–2009

	
43

	
18 (14–23)

	
0.019

	
95.1

	
<0.001




	
2010–2019

	
66

	
15 (13–17)

	
0.005

	
97.4

	
<0.001




	
2020–2022

	
6

	
14 (9–18)

	
0.002

	
78.3

	
<0.001




	
Countries Income

	
Low

	
1

	
12 (4–20)

	
0.000

	
-

	
-

	
2

	
2.63

	
0.27




	
Middle

	
25

	
19 (15–23)

	
0.011

	
95.1

	
<0.001




	
High

	
99

	
16 (14–19)

	
0.011

	
98.2

	
<0.001




	
Alpha-Fetoprotein

(ng/mL)

	
<50

	
25

	
14 (11–17)

	
0.002

	
90.1

	
<0.001

	
2

	
4.75

	
0.09




	
≥50

	
13

	
20 (14–26)

	
0.001

	
94.3

	
<0.001




	
Male (%)

	
<50

	
3

	
17 (13–20)

	
0.000

	
0.01

	
<0.001

	
1

	
0.02

	
0.89




	
≥50

	
113

	
17 (15–19)

	
0.012

	
98.2

	
<0.001




	
Age (years)

	
<50

	
11

	
24 (16–32)

	
0.017

	
94.4

	
<0.001

	
1

	
4.64

	
0.03




	
≥50

	
105

	
16 (14–18)

	
0.010

	
97.8

	
<0.001




	
Mortality in HCC Recurrence Patients




	
Overall

	

	
53

	
9 (8–11)

	
0.00

	
88.2

	
<0.001

	
52

	
402.7

	
0.00




	
Geographical Region

	
Asia

	
12

	
10 (8–12)

	
0.001

	
51.8

	
<0.001

	
3

	
6.87

	
0.08




	
Europe

	
23

	
10 (7–12)

	
0.003

	
88.4

	
<0.001




	
North America

	
11

	
11 (5–17)

	
0.008

	
97.1

	
<0.001




	
South America

	
7

	
7 (5–9)

	
0.000

	
38.9

	
<0.001




	
Countries Income

	
Middle

	
40

	
9 (7–11)

	
0.001

	
71.2

	
<0.001

	
1

	
0.07

	
0.79




	
High

	
13

	
9 (7–11)

	
0.003

	
90.6

	
<0.001




	
Study End Date

	
1991–1999

	
5

	
12 (−1–24)

	
0.019

	
97.7

	
<0.001

	
3

	
0.96

	
0.81




	
2000–2009

	
22

	
10 (8–12)

	
0.002

	
70.7

	
<0.001




	
2010–2019

	
21

	
8 (7–10)

	
0.001

	
84.7

	
<0.001




	
2020–2022

	
5

	
9 (6–13)

	
0.001

	
61.3

	
<0.001




	
Male (%)

	
<50

	
1

	
7 (0–13)

	
0.000

	
-

	
-

	
1

	
0.66

	
0.42




	
≥50

	
45

	
9 (8–11)

	
0.002

	
87.4

	
<0.001




	
Age (years)

	
<50

	
4

	
18 (6–30)

	
0.013

	
96.2

	
<0.001

	
1

	
2.42

	
0.12




	
≥50

	
42

	
9 (7–10)

	
0.002

	
84.3

	
<0.001








*: prevalence in patients with HCC recurrence only (not all patients).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Reccurence Rate

Heterogeneity: 7 = 0.01, | =02 18%. H = 5435
Test of 8 = 8- Q{116) = 1054.88, P = 0.00

Subgroups K with 35% CI p-valus
Geographical Region :
Africa 1 . | 0.12[0.04, 0.20] 0.005
Asia 32 e 0.21[0.18, 0.24] 0.000
Europe 55 aa 0.14[0.12, 0.16] 0.000
Marth America 28 —T— 0.18[0.12, 0.25 0.000
South America o - 0.10[0.07, 0.12] 0.000
Test of group differences: Q,(4) = 32.00, P = 0.00 |

I
Countries Income |
High 0o - 0.18[0.14, 0.18] 0.000
Low 1 * | 0.12[0.04, 0.20] 0.005
Middle 24 R 0.18[0.15. 0.24] 0.000
Test of group differences: Q.(2) = 2.63, P=0.27 I

|
End of Study Year |
1990-1900 10 —}—e—— 023[0132. 032] 0.000
2000-2008 43 —|e— 0.10[0.14, 0.24] 0.000
2010-2020 72 o 0.15[0.13, 0.17] 0.000
Test of group differences: Q,(2) = 4.08, P =0.13 :
Male (%) |
<50 3 e 0.17[0.13, 0.20] 0.000
=50 114 - 0.17[0.15, 0.18] 0.000
Test of group differences: Q.(1)=0.02, P =029 :
Age (years) |
<50 12 : . 0.268[0.17. 0.24] 0.000
=50 105 . 0.16[0.14, 0.18] 0.000
Test of group differences: Q.(1)=4.64, P=0.03 |
Overall + 0.17[0.15, 0.18] 0.000

|

I

0

Random-effects EENML model

o
-

P

0.3





nav.xhtml


  cancers-14-05114


  
    		
      cancers-14-05114
    


  




  





media/file2.png
Identification

Included

Records identified through
database searching

(n=4028) [n =153)

Additional records identified
through other sources

Records after duplicates removed
(n =32937)

Y

Records screened

4

(n =3937)

F

Full-text articles assessed

Records excluded
(n=3713)

for eligibility
(n=224)

Y

Studies included in
gualitative synthesis
(m=125)

r

Studies included in
gquantitative synthesis
[meta-analysis)
(mn=125)

Full-text articles excluded, with
reasons
(n =99)
Population not of interest (n=40)
Intervention not of interest (n=1)
Study design not of interest (n=8)
Full text not available (n=12)
Outcome not of interest (n=21)
Subgroup not of interest (n=16)
Publication type not of interest
(n=1]






media/file5.jpg





media/file3.jpg
Reccurence Rate

s« Frel il
‘Geographicai Region. i
- . el onsom o
- - Coe ontomern am
o M = Chaion o omor
o I Tle o eazom om
o—— 3 = | e
s e 8105200 508 !
Comates o |
- » g st o o
i ] S - gt
- a e oniamom om
et o o358 057 |

i
[ i
— e e cmronem o
20002000 ) o 019[0.14.024) 0000
2010-2020 2 .l 015{012.047] 0000
Tas ot group A 2 =400, P13 !
Male (%) !
<« ¥ e 047(013.020) 0000
50 e . 017(015. 019 0000
B '
P !
- .z Lo amtorosm oo
a - s Cetore o o
et st 201484 P03 !
o o esm ‘o

Hatwrogenaty =001 1'= 98 18% ' = 5435
Testof 8 =6 G(19) = 199426, £ =000

Random-afcts REML model

1

H

o oz o





media/file1.jpg
)

Screening

Records dentiied through
databaze searching
(n=4028)

Addtionsl records dentified
through other sources
(n=33)

I

Records ater duplicates removed

(0=3637)

Records excluded
(n=3713)

Fulltextarticles excluded, with

(n=39)
Population ot of nteest (n=40)
Intervention not of nterest (n=1)

Study design not of inerest (n=5)
Fulltext not avaiable (1=12)

Outcome nat o nteres (n=21)

Subgroup not of nterest (n=16)

Publcaton type not of nterest
(o=1)






media/file7.jpg
s
e






media/file0.png





media/file8.png
Funnel plot

o -

"2}

=

o
:

- Ll
'g () °
2 o ¥
o
"o | E s

o

N

o

L]
-05 0 05
Effect size
Pseudo 95% CI @ Studies

Estimated 6y

o U

Funnel plot

il I
0 ’ g
o
S - o °*
g
o ™
To ¢
@
g @
ne ¢
(o)
N
o
e
-0.5 0 0.5
Effect size
Pseudo 95% CI @ Studies
Estimated 8,






media/file6.png
Proportions Weight
Subgroup with 95% CI (%)
Milan In :
Choi HJ et al., 2013 _-I_ 0.44[ 0.28, 0.61] 1.89
Kenneth SH et al., 2011 + 0.46[ 0.26, 0.66] 1.79
Lai Q et al., 2011 - 0.42[ 0.14, 0.70] 1.57
Lee SG et al., 2008 —— | 0.13[ 0.03, 0.23] 2.02
Li RM et al., 2011 — | 0.19[ 0.07, 0.30] 1.99
Macaron C et al., 2010 —il— | 0.08 [ -0.07, 0.22] 1.93
Park JW et al., 2016 —— 0.30[ 0.12, 0.49] 1.82
Regalia E 1998 — | 0.29[ 0.09, 0.48] 1.81
SA GPD et al., 2016 | 0.70[ 0.54, 0.86] 1.88
Sauer P et al., 2005 I I 0.82[ 0.68, 0.96] 1.93
Sieghart W et al., 2011 —-:— 0.44[ 0.31, 0.58] 1.95
Silva M et al., 2008 - m 0.79[ 0.65, 0.93] 1.94
. I
Taketomi et al., 2010 —— | 0.06 [ —0.05, 0.17] 1.99
Vatensever S et al., 2018 _ | 0.17 [ —0.04, 0.38] 1.76
Zimmerman MA et al., 2007 I L 0.60[ 0.35, 0.85] 1.66
Lee HH et al., 2005 i 0.36[ 0.08, 0.65] 1.55
Vivarelli M et al., 2002 il 0.60[ 0.30, 0.90] 1.50
Todo S et al., 2004 | —— 0.68[ 0.53, 0.82] 1.93
Malago M et al., 2006 = 0.50[ 0.01, 0.99] 1.03
Chan KM et al., 2011 - 0.35[ 0.13, 0.58] 1.72
Sharma P et al., 2012 : —B—— 0.82[ 0.64, 1.00] 1.84
Donat M et al., 2016 _ 0.41[ 0.22, 0.59] 1.83
Irtan S et al., 2016 -I 0.45[ 0.16, 0.75] 1.53
Kamel R et al., 2017 | L] 0.57 [ 0.20, 0.94] 1.33
Kornberg A et al., 2018 —-_I 0.31[ 0.14, 0.48] 1.87
Kang YK et al., 2019 E = | 0.31[ 0.21, 0.42] 2.00
Mahmud N et al., 2019 | Il 094 093, 0.95] 2.10
Morgul et al., 2020 —l— | 0.24[ 0.03, 0.44] 1.79
Heterogeneity: ©° = 0.06, I = 93.52%, H®> = 15.44 0.44[ 0.35, 0.54]
Test of 6, = 6;: Q(27) = 1264.41, P = 0.00 I
Testof @ =0: z=9.12, P = 0.00 I
I
Milan Out I
Choi HJ et al., 2013 —I-— 0.56[ 0.39, 0.72] 1.89
Kenneth SH et al., 2011 + 0.54[ 0.34, 0.74] 1.79
Lai Q et al., 2011 B 0.58[ 0.30, 0.86] 1.57
I
Lee SG et al., 2008 | - 0.87[ 0.77, 0.97] 2.02
Li RM et al., 2011 | — 0.81[ 0.70, 0.93] 1.99
Macaron C et al., 2010 | —f—0.92[ 0.78, 1.07] 1.93
Park JW et al., 2016 —— 0.70[ 0.51, 0.88] 1.82
Regalia E 1998 |— 0.71[ 0.52, 0.91] 1.81
SA GPD et al., 2016 —— | 0.30[ 0.14, 0.46] 1.88
Sauer P et al., 2005 ;e I 0.18[ 0.04, 0.32] 1.93
Sieghart W et al., 2011 —:.— 0.56[ 0.42, 0.69] 1.95
Silva M et al., 2008 —_ 0.21[ 0.07, 0.35] 1.94
Taketomi et al., 2010 : —J— 094 0.83, 1.05] 1.99
Vatensever S et al., 2018 | ——— 0.83[ 0.62, 1.04] 1.76
Zimmerman MA et al., 2007 ] | 0.40[ 0.15, 0.65] 1.66
Lee HH et al., 2005 0.64[ 0.35, 0.92 1.55
ee et a | L] [ ]
Vivarelli M et al., 2002 - 0.40[ 0.10, 0.70] 1.50
Todo S et al., 2004 —il— | 0.32[ 0.18, 0.47] 1.93
Malago M et al., 2006 = 0.50[ 0.01, 0.99] 1.03
Chan kMet al., 2011 — 0.65[ 0.42, 0.87] 1.72
Sharma P et al., 2012 R I 0.18 [ —0.00, 0.36] 1.84
Donat M et al., 2016 I —— 089 0.77, 1.01] 1.98
Irtan S et al., 2016 - 0.55[ 0.25, 0.84] 1.53
Kamel R et al., 2017 L] : 0.43[ 0.06, 0.80] 1.33
Kornberg A et al., 2018 I_-_ 0.69[ 0.52, 0.86] 1.87
Kang YK et al., 2019 0.69[ 0.58, 0.79] 2.00
g | —— [ 1
Mahmud N et al., 2019 [ | | 0.06 [ 0.05, 0.07] 2.10
Morgul MH et al., 2020 | —— 0.76 [ 0.56, 0.97] 1.79
Heterogeneity: t° = 0.06, I> = 94.14%, H®> = 17.08 ’ 0.57 [ 0.47, 0.67]
Test of 6, = 6;: Q(27) = 1396.10, P = 0.00 |
Testof 8 =0:z=11.45, P = 0.00 |
Overall + 0.51[ 0.44, 0.58]
Heterogeneity: ©° = 0.06, I° = 97.57%, H®> = 41.08
Test of 6, = 8;: Q(55) = 10525.50, P = 0.00 I
Testof ® = 0: z= 14.28, P = 0.00 :
Test of group differences: Q,(1) = 3.40, P = 0.07 |
0 0.5 1

Random-effects REML model





