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Abstract

BACKGROUND

Liver cancer is the sixth most commonly diagnosed cancer and the fourth leading
cause of cancer death worldwide. Socioeconomic development, indicated by the
Human Development Index (HDI), is closely interconnected with public health.
But the manner in which social development and medical advances influenced
liver cancer patients in the past decade is still unknown.

AIM
To investigate the influence of HDI on clinical outcomes for patients with existing
liver cancer from 2008 to 2018.

METHODS

The HDI values were obtained from the United Nations Development
Programme, the age-standardized incidence and mortality rates of liver cancer
were obtained from the GLOBOCAN database to calculate the mortality-to-
incidence ratio, and the estimated 5-year net survival of patients with liver cancer
was provided by the CONCORD-3 program. We then explored the association of
mortality-to-incidence ratio and survival with HDI, with a focus on geographic
variability across countries as well as temporal heterogeneity over the past
decade.

RESULTS
From 2008 to 2018, the epidemiology of liver cancer had changed across
countries. Liver cancer mortality-to-incidence ratios were negatively correlated
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and showed good fit with a modified “dose-to-inhibition response” pattern with
HDI (r = -0.548, P < 0.0001 for 2018; r = -0.617, P < 0.0001 for 2008). Cancer
survival was positively associated with HDI (r = 0.408, P < 0.01) and negatively
associated with mortality-to-incidence ratio (r =-0.346, P < 0.05), solidly
confirming the interrelation among liver cancer outcome indicators and
socioeconomic factors. Notably, in the past decade, the HDI values in most
countries have increased alongside a decreasing tendency of liver cancer
mortality-to-incidence ratios (P < 0.0001), and survival outcomes have
simultaneously improved (P < 0.001), with significant disparities across countries.

CONCLUSION

Socioeconomic factors have a significant influence on cancer outcomes. HDI
values have increased along with improved cancer outcomes, with significant
disparities among countries.

Key words: Liver cancer; Human Development Index; Incidence; Mortality; Survival
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Core tip: This study identified the interrelation of area-specific development and liver
cancer outcomes. We verified that the Human Development Index (HDI) correlated
negatively with mortality-to-incidence ratio and positively with survival rates of liver
cancer in a “dose-to-inhibition response” pattern. Analyzing epidemiological data of
liver cancer from 2008 to 2018, it was found that HDI in most countries has increased,
and the liver cancer outcomes have improved. Our findings provide strong evidence of
healthcare disparities related to socioeconomic factors, and we provide a substantial
summary of the development of liver cancer health care in the last decade.
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INTRODUCTION

Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the
fourth leading cause of cancer death worldwide, which has drawn widespread
attention because of its high complexity, heterogeneity, mortality, and disability; it is
therefore regarded as the devil of cancer!"”. Apart from the traditional approaches to
treatment, such as surgical resection, transarterial chemoembolization, and targeted
agents, treatment strategies against liver cancer have developed rapidly in recent
years. However, given its high malignant potential, frequent drug resistance, and
systemic side effects, liver cancer still lacks an ideal radical therapeutic regimen. The
prognosis of liver cancer lags far behind that of other types of carcinoma, such as
mutation-positive lung cancer and breast cancer™l.

Socioeconomic development is closely interconnected with public health®l. The
rapid development of socioeconomic condition and cancer health care would
absolutely influence the clinical outcomes of liver cancer, but neither the manner in
which social development and medical advances have benefited liver cancer patients
nor the degree of the impact through the past decade has been clarified yet. The
Human Development Index (HDI) is a composite index focusing on three basic
dimensions of socioeconomic development: Life expectancy, years of schooling, and
gross national income per capital”l. The liver cancer outcomes such as incidence and
mortality could be influenced by a series of risk factors such as hepatitis virus
infection (hepatitis B virus, hepatitis C virus, or hepatitis D virus) and its vaccine
control, aflatoxin exposure, as well as alcohol abuse. However, the clinical outcomes
of existing liver cancer patients, interpreted as the mortality-to-incidence ratio (MIR)
or 5-year net survival, might have a strong relationship with socioeconomic factors.
Multiple studies have demonstrated that global cancer disparities are related to
socioeconomic status according to the HDI!L
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Several databases have provided reliable estimates of cancer outcomes. The
GLOBOCAN 2018 database contains high-quality registry data of cancer incidence
and mortality at the national level!'l. The CONCORD-3 program, with the largest and
most up-to-date cancer survival database, established cumulative surveillance for
cancer survival for 37.5 million patients during the 2000-2014 period!'!l. These
databases provide a fundamental basis for studies of liver cancer outcomes. In this
study, we aimed to determine the influence of HDI values on liver cancer outcomes,
including MIR and survival, with a focus on the global transition of HDI values and
liver cancer outcomes from 2008 to 2018.

MATERIALS AND METHODS

Data sources

HDI data for United Nations members in the 2008-2018 period were available in the
United Nations Development Programme (UNDP) database (http://hdr.undp.org/
en/statistics). The UNDP divided countries into four subgroups according to HDI
levels.

National incidence and mortality estimates for liver cancer in 186 countries in 2018
were originally obtained from the GLOBOCAN 2018 database (http://gco.iarc.fr)l*’
and were maintained by the International Agency for Research on Cancer, and data of
184 countries in 2008 were originally collected from GLOBOCAN 2008!". Estimates for
both rates were calculated according to the world standard population, presented as
age-standardized rates per 100000 person-years“l.

The estimated 5-year net survival for patients with liver cancer in the 2000-2014
period was collected from the CONCORD-3 report!"l. The net survival represents the
cumulative probability of surviving for up to a given length of time since diagnosis
(e.g., 5 years) after corrections are made for other causes of death. The survival
estimates were age-standardized with the International Cancer Survival Standard
weights('!l.

Statistical analysis

Cancer MIRs were calculated from the obtained incidence and mortality rates.
Extreme values (0, 1, or > 1) were considered abnormal and were excluded from the
analysis. Then, MIR values were analyzed with their corresponding HDIs in 2008 and
2018 via correlation analysis and nonlinear regression. Correlation was established
with a significant P-value in the nonparametric Spearman correlation test. Nonlinear
regression was based on a modified “dose-to-response” model using the formula:

MIR = 1/[1 + 10(HDI50-HDI) x Slope]

Where HDI,, refers to the half-maximal controlled HDI (equivalent to the HDI
value at half-maximal MIR) and slope is a parameter indicating the steepness of the
fitted curvel.

MIRs within the four HDI groups were compared via one-way ANOVA followed
by Tukey-Kramer post hoc tests. The correlation analysis was also applied to the HDI-
to-survival and survival-to-MIR patterns. The extremely unreliable net survival
values (e.g., 0% of Malta and 40.0% of Jordan in 2018; 27.1% of South Africa, 39.0% of
Costa Rica, and 71.5% of Jordan in 2008) were excluded. Comparisons of the age-
standardized incidence, mortality, calculated MIR, and survival between 2008 and
2018 were based on weighted Chi-square test. A P-value less than 0.05 was considered
statistically significant. Statistical analysis and plotting were performed using Prism 7
(GraphPad, San Diego, CA, United States) and SPSS 25 (IBM Corporation, Armonk,
New York, NY, United States).

Geographical maps showing the gradient distribution of HDI values, incidence,
mortality, calculated MIR, and survival were edited using TileMill (a GitHub project
maintained by MapBox, Washington, DC, United States), with map data sources from
the Natural Earth database rendered by the Mapnik Library (https://mapnik.org/).

RESULTS

Global distribution of HDI values and liver cancer epidemiology

In the analysis, we included 174 countries with data available in both the 2018
GLOBOCAN database (186 countries) and HDI values (189 countries). Countries were
classified into groups according to the four HDI tiers (very high, high, medium, and
low) reported by the UNDP (Figure 1A). The distributions of national liver cancer
incidence and mortality, reported by GOLOBOCAN 2018, were portrayed in the form
of world maps (Figure 1B and C). In 2018, liver cancer caused annual age-
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standardized incidence and mortality rates of, respectively, 9.3 and 8.5 per 100000
populationll. Overall, the incidence rates of liver cancer were 2-fold greater in
developed countries!l. However, unlike in other sites, the highest rates were observed
mainly in lower-HDI settings, especially in Africa and Southeast Asia (Figure 1B). The
top 10 countries with the highest incidence of liver cancer were Mongolia, Egypt,
Gambia, Vietnam, Lao PDR, Cambodia, Guinea, Thailand, China, and Korea. Notably,
the incidence in Mongolia far exceeded that of other countries, with an estimated rate
of 4-fold those in China and Korea.

Sixty-four countries had data available on the incidence, mortality, and MIR in both
2008 and 2018 for time-dependent comparisons. The incidence rates have declined
substantially in the majority of countries with a high liver cancer burden!'*"*\. The top
10 countries with the greatest decrease in incidence were Thailand, Honduras, China,
Korea, South Africa, Japan, Guinea, Greece, and Qatar. Interestingly, the incidence
increased in many high-HDI countries considered to be at low risk for liver
cancer"'*'], such as Portugal, the United States, New Zealand, Australia, Singapore,
the United Kingdom, Turkey, and France (Table 1). Age-standardized mortality rates
showed similar distributions and temporal transitions to incidence rates (Figure 1C,
Table 1). Due to disparities in the epidemiological changes in liver cancer, com-
parisons of the global incidence or mortality between 2008 and 2018 did not show any
evident variance (Supplementary Figure S1A and S1B).

Association between national HDI values and liver cancer MIRs

Similar to results in 2008, the liver cancer MIRs varied across countries in 2018. The
global MIR in 2018 was 0.914. The available MIRs ranged from 0.490 (Samoa) to 0.995
(Thailand) after the exclusion of extreme values in 2018 (62 countries were out of
limit: 0, 1, or > 1) (Figure 1D). The lowest MIRs were achieved mainly in highly
developed regions, such as New Zealand, Luxembourg, Korea, Japan, and the United
States (Table 1).

As the level of national HDI increased, the corresponding liver cancer MIR was
relatively lower. The country-specific MIR of liver cancer was negatively correlated
with national HDI in both 2018 and 2008 (r = -0.548, P < 0.0001 for 2018; r = -0.617, P <
0.0001 for 2008). The nonlinear regression analysis verified a “dose-to-response”
inhibitory effect between HDI values and MIRs (Figure 2A and B).

We then classified the included countries into four-tier HDI subgroups, and liver
cancer MIRs differed among the groups (P < 0.0001, one-way ANOVA). For the 2018
data, the mean MIR in very-high-HDI countries (0.835) was significantly lower than
that in high- (0.906), medium- (0.954), or low- (0.949) HDI countries (P < 0.001,
Tukey's post hoc test; Figure 2E). For the 2008 data, similar results were obtained (P <
0.001, very-high-HDI vs other subgroups, Tukey's test; Figure 2E), indicating
persistent disparities associated with HDI levels.

Transition of MIR from 2008 to 2018

From 2008 to 2018, the HDIs for majority countries have increased more than 1%. The
global MIR of liver cancer declined significantly in the last decade (Figure 2C).
Among 64 countries with usable data in both years, the MIR increased in 16 countries
and decreased in the other 48 countries (Table 1). Liver cancer MIRs in five countries
(Luxembourg, Libya, France, Czech Republic, and Uzbekistan), all of which were in
high- or very-high-HDI areas, decreased more than 15% (Table 1). In contrast, no
countries showed an increase of more than 15%. To illustrate the MIR transition,
national HDIs and MIRs in 2018 and 2008 are plotted together, showing similar
distributions. Notably, there is an obvious difference in that the linear regression line
has shifted to the lower-left direction from 2008 to 2018, implying that the integral
HDI values increased along with the decline in MIRs (Figure 2D). Furthermore,
within each specific HDI level, the MIRs in 2018 had an obvious decreasing tendency
in comparison to the 2008 data, though not significant for all HDI categories (P = 0.007
for the low-, P = 0.09 for the medium-, P < 0.001 for the high-, and P = 0.18 for the
very-high-HDI group, paired t-test; Figure 2E).

Differences and transitions in regional cancer epidemiology

The incidence and mortality rates, as well as the MIRs of liver cancer, also varied
among different continents. Asia was continuously top-ranked in susceptibility to
liver cancer and mortality rates. Although the incidence and mortality rates in Asia
nearly halved in 10 years (incidence: 11.4 in 2018, 21.6 in 2008; mortality: 10.5 in 2018,
19.5 in 2008), the continental MIRs had no obvious fluctuation. Latin America and the
Caribbean had the lowest liver cancer burden (incidence: 5.0 in 2018, 5.8 in 2008;
mortality: 4.7 in 2018, 5.9 in 2008). Africa had the highest MIRs (0.99 in 2018, 1.01 in
2008) of liver cancer worldwide. Oceania and North America had MIR results
significantly lower than those in other regions (0.84 for Oceania and 0.73 for North
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Figure 1 Worldwide distribution of Human Development Index and liver cancer burden in 2018. A total of 174 countries were classified into four tiers according
to different levels of the following: A: Human Development Index (green); B: Age-standardized incidence (blue); C: Age-standardized mortality (red) rates per 100000
population, indicated in a gradient color scale; D: Calculated mortality-to-incidence ratio results, indicated in purple-gradient colors. Countries with data unavailable
(light gray) or unreliable (dark gray) are denoted. HDI: Human Development Index.

America). The change in MIR over 10 years was most evident in Europe, which had
an 8% reduction (MIR = 0.86 in 2018; MIR = 0.94 in 2008). Among the top five
countries with the greatest MIR declines in the world (Table 1), three (Luxemburg,
France, and Czech Republic) were located in Europe (Figure 2F).

The transition of 5-year survival for patients with liver cancer

The 5-year net survivals for those with liver cancer were available from 61 countries,
with 52 countries remaining after the exclusion of extreme values and the
establishment of matches with available HDI values (Figure 3A). For patients
diagnosed with liver cancer during 2010-2014, the best survival occurred in Southeast
Asia. The top three countries with the best survival were Japan (30.1%), Korea
(27.2%), and Singapore (27.2%). In contrast, poor survival was observed in Chile
(3.7%) and Estonia (4.2%). Forty-eight countries had data available both in 2008 and
2018 (Table 2). The survival rates generally increased (P < 0.001) (Figure 3B). Survival
outcomes increased by over 10% during the 10-year period in five countries, namely,
Qatar (+20.1%), Korea (+11.9%), Singapore (+11.5%), Norway (+10.8%), and Iceland
(+10.4%) (Table 2).

We also investigated the association between survival rates and HDI. There was a
positive correlation between the survival, as estimated according to patients
diagnosed in 2010-2014, and HDI values in 2018 (r = 0.408, P = 0.0027; Figure 3C).
Furthermore, the MIR and survival were also negatively correlated (r = -0.346, P =
0.0278) (Figure 3D).

DISCUSSION

HDI is regarded as the gold standard for the comparison of development, quantified
by the composite measures of health, education, and economy!!. HDI has been
demonstrated by multiple studies as an important parameter interconnected with
public health®'"l. Being reported by UNDP every year, HDI is also easy to obtain for
measuring and comparing. MIR and 5-year net survival both represent clinical
outcomes of existing liver cancer. MIR may serve as an indicator of cancer health care
efficacy by indirectly measuring true biological differences in attributes such as
screening, diagnostic modality, treatment, and follow-up®'**“l. Five-year net survival
is a more direct indicator of the effectiveness of cancer treatment and has been labeled
with more importance, since the cancer patients who survive for a considerable time
span can, in a way, be considered cured!""”\. Our present study showed that the HDI
values increased along with the corresponding decline in MIRs and improvement in
survival, with significant disparities among countries.
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Table 1 Comparisons of Human Development Index and age-standardized incidence rates, mortality rates, and mortality-to-incidence

values for liver cancer between 2008 and 2018

2008 2018 Transitions in a decade

Country HDI ASI ASM MR HDI ASI ASM MR Ay, A A,y Ayr

Argentina 0786 34 32 0958 0825 3.6 32 0889  0.039 0.24 -0.02 -0.069
Australia 0924 35 27 0764 0939 57 4.8 0842  0.015 223 2.15 0.078
Austria 0876 5.1 44 0856 0908 54 43 079  0.032 0.32 -0.05 -0.060
Bahrain 0806 4.7 47 0994 0846 34 33 0971  0.040 -1.29 136 -0.023
Bangladesh 0484 38 3.8 0992 0608 22 2 0909  0.124 16 -1.77 -0.083
Botswana 0624 28 27 0964 0717 39 38 0974  0.093 112 112 0.010
Brazil 0705 4.9 48 0973 0759 47 4.4 0936  0.054 -0.19 036 -0.037
Canada 0903 33 29 0870 0926 53 45 0849  0.023 1.98 1.61 -0.021
Chile 079 45 44 0962 0843 54 4.9 0907  0.047 0.88 0.55 -0.055
China 0665 257 237 0922 0752 183 171 0934  0.087 -7.37 -6.58 0.012
Costa Rica 0737 54 5.2 0972 079 63 5.6 0889  0.057 0.92 037 -0.083
Cuba 0767 42 41 0969 0777 3.8 33 0.868  0.010 038 075 -0.100
Czech Republic 0864 43 39 0915 0888 42 32 0762  0.024 -0.06 0.7 -0.154
Denmark 0891 3.1 28 0907 0929 49 42 0857  0.038 1.77 1.36 -0.050
Dominican Republic 0677 87 8.2 0948 0736 65 5.8 0892  0.059 218 243 -0.056
Egypt 0633 93 9.1 0981 069 322 318 0988  0.063 2295 2273 0.007
El Salvador 0.668 52 5.2 0992 0674 67 6.5 0970  0.006 147 1.31 -0.022
Fiji 0684 69 6.7 0965 0741 83 8.2 0988  0.057 14 1.54 0.023
France (metropolitan) 0879 6.0 5.8 0962 0901 7.8 6.3 0.808  0.022 1.81 0.54 -0.154
Georgia 0722 58 55 0958 0780 54 52 0963  0.058 037 033 0.005
Germany 0902 4.0 34 0831 0936 42 3.8 0905  0.034 0.17 0.45 0.073
Greece 0862 84 5.7 0684 0870 57 45 0789  0.008 2,65 4121 0.106
Guatemala 0568 157 156 0991 0650 149 145 0973  0.082 -0.84 411 -0.018
Guinea 0.34 253 251 0992 0459 218 195 0894 0119 -3.49 558 -0.097
Haiti 0445 71 7.0 0976 0498 81 78 0963  0.053 0.98 0.85 -0.013
Honduras 0619 143 142 099 0617 57 5.4 0947 0002 -86 -8.81 -0.046
India 0527 22 2.0 0927 0640 22 2 0909  0.113 0.01 -0.03 -0.018
Indonesia 0598 6.7 6.6 0976 069 7.6 75 0987 0.9 0.89 0.95 0.011
Ttaly 0871 86 6.6 0772 0880 7.9 5.7 0722 0.009 -0.69 093 -0.050
Japan 089 112 92 0815 0909 7.6 54 0711  0.013 3.64 376 -0.104
Kazakhstan 0729 73 73 0999 0800 5.6 5 0893  0.071 4173 232 -0.106
Korea, Republic of 088 235  17.0 0726 0903 173 118 0682 0017 -6.17 523 -0.044
Kyrgyzstan 0611 82 8.2 0993 0672 95 8.7 0916  0.061 1.27 0.53 -0.077
Libya 0759 34 33 0976 0706 4.1 33 0805 0053 075 0.0 0171
Lithuania 0806 25 24 0955 0858 3.8 33 0868  0.052 13 0.94 -0.087
Luxembourg 0867 6.6 5.8 0875 0904 65 4.4 0.677  0.037 01 14 -0.198
Mexico 0761 63 6.2 0998 0774 54 5.1 0944  0.013 -0.85 114 -0.054
Mongolia 0641 944 799 0847 0741 937 754 0.805  0.100 0.7 451 -0.042
Nepal 0443 14 14 0964 0574 1.1 1 0909  0.131 03 035 -0.055
New Zealand 0904 35 26 0733 0917 58 3.9 0672  0.013 232 1.35 -0.060
Nicaragua 0583 89 8.9 0994 0658 105 99 0943  0.075 1.58 1.03 -0.052
Norway 0941 18 13 0714 0953 34 29 0853 0012 1.58 16 0.139
Pakistan 0495 25 25 0988 0562 3.1 3 0968  0.067 0.6 0.53 -0.020
Panama 0758 4.0 40 0988 0789 48 4.6 0958  0.031 0.76 0.61 -0.029
Peru 0712 72 7.2 0990 0750 6.6 6.3 0955  0.038 063 -0.86 -0.036
Philippines 0635 106  10.0 0940 0699 115 114 0991  0.064 0.91 145 0.052
Portugal 0802 22 21 0955 0847 54 5.2 0963  0.045 32 31 0.008
Qatar 0825 65 6.5 0994 0856 4.1 4 0976  0.031 242 248 -0.018
Saudi Arabia 0.76 3.6 3.6 0975 0853 45 42 0933  0.093 0.86 0.65 -0.042
Singapore 0855 102 9.0 0890 0932 123 114 0927 0077 2.15 237 0.037
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Slovenia 0.875
South African Republic 0.608
Spain 0.871
Sri Lanka 0.676
Sudan 0.399
Switzerland 0.892
Tajikistan 0.597
Thailand 0.672
Turkey 0.691
Turkmenistan 0.671
United Kingdom 0.86

United States of America 0.907
Uzbekistan 0.624
Venezuela 0.73

47 4.6 0.972 0.896 5.8 5 0.862 0.021 1.08 0.41 -0.110
9.5 9.4 0.986 0.699 B 4.8 0.960 0.091 -4.54 -4.61 -0.026
5.8 4.6 0.797 0.891 6.5 4.7 0.723 0.020 0.68 0.06 -0.074
1.6 13 0.956 0.770 27 22 0.815 0.094 1.12 0.69 -0.141
3.9 3.9 0.992 0.502 3.8 3.7 0.974 0.103 -0.12 -0.19 -0.019
49 3.8 0.784 0.944 48 41 0.854 0.052 -0.05 0.3 0.071

49 49 0.992 0.650 4.7 4.4 0.936 0.053 -0.22 -0.48 -0.056
29.7 25.4 0.856 0.755 21 20.9 0.995 0.083 -8.67 -4.51 0.139

25 24 0.968 0.791 45 44 0.978 0.100 2.01 1.99 0.010

74 7.3 0.980 0.706 6 5.6 0.933 0.035 -1.43 -1.68 -0.046
3.0 2.6 0.882 0.922 51 4 0.784 0.062 2.14 1.39 -0.097
45 3.6 0.799 0.924 6.8 49 0.721 0.017 2.33 1.33 -0.078
48 47 0.992 0.710 5.6 47 0.839 0.086 0.82 -0.04 -0.152
3.7 3.7 0.992 0.761 3.6 3.5 0.972 0.031 -0.11 -0.18 -0.020

A total of 64 countries with age-standardized incidence rate, age-standardized mortality rate, and age-standardized mortality-to-incidence ratio available
in both years. HDI: Human Development Index; ASI: Age-standardized incidence rate; ASM: Age-standardized mortality rate; MIR: Age-standardized

mortality-to-incidence ratio.

At the very beginning, we took a quick look at the incidence of liver cancer and
found that it distributed unequally. An interesting and predictable finding is that liver
cancer incidence decreased in high-risk countries but increased in low-risk areas from
2008 to 2018. First, there are distinct predisposing factors in geographically
heterogeneous regions. In high-risk areas such as China and Western and Eastern sub-
Saharan Africa, the key determinants are chronic hepatitis B infection and aflatoxin
exposure, whereas in Japan and Egypt, hepatitis C infection is likely the predominant
causel-"”l. In Mongolia, dual and triple hepatitis infections are highly prevalent, with
heavy alcohol consumption also contributing to the incidence!"**’l. Second, the
development of preventive strategies against liver cancer contributes to the reduction
in incidence in high-risk countries with specific risk factors. The popularization of the
hepatitis vaccine has significantly lowered the incidence in countries at high risk for
hepatitis-associated liver cancer, which are mostly located in Southeast Asia and sub-
Saharan Africal"*’], and this benefit continues to grow. Recent developments in
antivirus medication also effectively prevent the occurrence of a considerable number
of liver cancer cases*. Approaches against other carcinogenesis-related factors, such
as reductions in aflatoxin exposure and the prevention of unsafe transfusions and
contaminated needle use, have also been available in high-risk countries, with a few
exceptions, such as Egypt!"'>'“l. Third, the cohort effect of high hepatitis C exposure in
the 1970s and the rising prevalence of obesity, type 2 diabetes, and nonalcoholic fatty
liver disease, contribute to the observed growing incidence in some high-HDI, low-
risk countries®. A recent study aiming to project future liver cancer epidemiology
showed results consistent with our conclusions, predicting incidence increases in
Norway, the United States, Canada, Switzerland, and Germany and significant
decreases in China, Japan, Singapore, and parts of Europe until 2030™). Currently,
available approaches include continuous control of aflatoxin exposure, complete
rollout of the hepatitis B vaccination, blood supply protection, safe medical injection
practices, discouragement of heavy alcohol intake, and new primary prevention
strategies for obesity.

A universally high fatality leads to smaller differences in mortality related to liver
cancer between developed and developing economies. To clarify the socioeconomic-
associated treatment efficacies and clinical outcomes, we further examined forms of
cancer MIR and survival. Based on our previous study, we demonstrated an inverse
correlation of MIR and a positive association between survival and HDI. The
correlation is primarily caused by national inequalities in health care, which has been
regarded as a major contributing factor to treatment effectiveness. A lethal disease
such as liver cancer requires more advanced health care, with higher-quality care
more readily available in highly developed areas. Other factors, such as economic
status, diet and tobacco use, and awareness of one’s own health and disease
prevention, all of which are influenced by the HDI, also contribute to the country-
specific cancer MIR and survival. Taken together, patients in countries with higher
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overlapping countries from 2008 (orange) to 201

Age-standardized mortality or incidence

pment Index and mortality-to-incidence ratio and its transition from 2008 to 2018. The correlation of liver cancer
Human Development Indexes (HDIs) with the best-fit lines by modified nonlinear regression (“dose-to-response”
R2=0.261); B: 2008 (slope = -4.989, HDI., = 1.03, R2 = 0.592); C: Significant reduction in overall MIRs in 64

8 (red). ®P < 0.0001, Weighted Chi-square test; D: Transition of the correlation patterns of liver cancer MIR with

national HDI from 2008 (orange, r =-0.617, P < 0.0001) to 2018 (red, r = -0.548, P < 0.0001), showing a declining tendency of MIRs within the decade; E: MIRs of

liver cancer in the four HDI groups, with significa

nt differences among the very high, high, medium, and low groups (indicated in green-gradient colors) and a

decreasing tendency in each specific group between 2008 (orange) and 2018 (red). ®P < 0.001, vs very-high-HDI countries in 2018, one-way ANOVA followed by
Tukey-Kramer post hoc test. The statistical significance among countries in 2008 is not indicated. °P < 0.001, 2008 vs 2018 in the low-HDI group; 4P < 0.0001, 2008
vs 2018 in the high-HDI group, paired t-test; F: Regional age-standardized mortality (gray) and incidence (white plus gray) rates per 100000 individuals for liver cancer

in 2018 (on the left) and 2008 (on the right), with
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MIR values denoted. HDI: Human Development Index; MIR: Mortality-to-incidence ratio.

HDIs have better cancer outcomes. Certain countries, such as New Zealand, Japan,
and Korea, have achieved high survival and low MIR with comprehensive
interventional approaches over the last decadel” ). Effective approaches include the
promotion of aggressive clinical guidelines, the development of sophisticated
technology, the continual improvement of socioeconomic status, and an advanced
system for practice and communication*1.
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Table 2 Distribution of Human Development Index and 5-year net survival values for patients

with liver cancer from 2008 to 2018

2008 2018 Transitions in a decade
Country HDI Survival  HDI Survival A, A
Algeria 0.686 6.2 0.754 13.5 0.068 7.3
Argentina 0.786 14.1 0.825 12.6 0.039 -1.5
Australia 0.924 14.2 0.939 19.2 0.015 5
Austria 0.876 11.2 0.908 14.8 0.032 3.6
Belgium 0.882 213 0.916 20.7 0.034 -0.6
Brazil 0.705 154 0.759 11.2 0.054 -4.2
Bulgaria 0765 4 0.813 6.5 0.048 2.5
Canada 0.903 174 0.926 18.7 0.023 1.3
Chile 0796 3.6 0.843 3.7 0.047 0.1
China 0.665 11.7 0.752 14.1 0.087 24
Colombia 0.697 48 0.747 52 0.050 0.4
Croatia 0.795 9.2 0.831 9.3 0.036 0.1
Cyprus 0.827 84 0.869 10.6 0.042 22
Czech Republic 0864 3 0.888 6.7 0.024 3.7
Denmark 0.891 44 0.929 7.5 0.038 31
Ecuador 0.714 8.1 0752 59 0.038 2.2
Estonia 0.832 55 0.871 42 0.039 -1.3
Finland 0.883 7.1 0.920 104 0.037 33
France (metropolitan) 0.879 14 0.901 183 0.022 43
Germany 0902 125 0936 13 0.034 0.5
Iceland 0.895 3.9 0.935 14.3 0.040 10.4
India 0527 24 0.640 6.3 0.113 3.9
Ireland 0.909 11.6 0.938 14.2 0.029 2.6
Israel 0.882 15.1 0.903 18.9 0.021 3.8
Italy 0.871 159 0.880  20.3 0.009 44
Japan 0.896 25.7 0.909  30.1 0.013 44
Korea, Republic of 0.886 153 0.903 27.2 0.017 11.9
Kuwait 0.757 114 0.803 18.6 0.046 7.2
Latvia 0.803 12 0.847 129 0.044 0.9
Lithuania 0.806 7.9 0.858 8 0.052 0.1
Malta 0.829 4.2 0.802 9.6 -0.027 5.4
New Zealand 0.904 124 0.917 19 0.013 6.6
Norway 0.941 7.9 0.953 18.7 0.012 10.8
Poland 0.804 95 0.865 10.8 0.061 1.3
Portugal 0.802 13.6 0.847 187 0.045 51
Qatar 0.825 7.1 0.856 272 0.031 20.1
Russian Federation 0.748 7.4 0.816 6.3 0.068 -1.1
Singapore 0.855 13.2 0.932 24.7 0.077 115
Slovakia 0.831 5.6 0.855 7.6 0.024 2
Slovenia 0.875 3.8 0.896 74 0.021 3.6
Spain 0.871 14.4 0.891 17.3 0.020 2.9
Sweden 0.9 7.8 0.933 16.6 0.033 8.8
Switzerland 0.892 122 0.944 154 0.052 3.2
Thailand 0.672 7.7 0.755 6.9 0.083 -0.8
The Netherlands 0.904 10.1 0.931 15.8 0.027 5.7
Turkey 0.691 20.1 0.791 159 0.100 -4.2
United Kingdom 0.86 7.1 0.922 13 0.062 519
United States of America 0.907 125 0.924 174 0.017 49

A total of 48 countries with survival rates available in both years. HDI: Human Development Index.
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Figure 3 Distributions of liver cancer survival and its correlation with Human Development Index values and mortality-to-incidence ratio. A: Distribution of
regional estimated 5-year net survival for patients with liver cancer in 2018, indicated in blue-gradient colors; B: Comparisons of worldwide liver cancer survival
between 2008 and 2018. 2P < 0.001, 2018 (sky blue) vs 2008 (dark blue); C: A positive correlation pattern between the survival of the patients diagnosed in 2010-
2014 and the Human Development Index value in 2018 (r = 0.408, P = 0.0027); D: Correlation between national mortality-to-incidence ratio and liver cancer survival in
2018 (r=-0.346, P = 0.0278). HDI: Human Development Index; MIR: Mortality-to-incidence ratio.

Analyzing time-dependent trends allows for the identification of successful
strategies as well as concerning patterns. Scientific advances have resulted in rapidly
growing medical technology and treatment strategies for liver cancer. The rapid
development of laparoscopic and robotic surgery, especially the da Vinci Surgical
System (Intuitive Surgical, Sunnyvale, CA, United States), has offered a less invasive
approach while ensuring oncological remission and expected survival™. Combination
therapy of the classic targeted agents, such as sorafenib, with transarterial che-
moembolization”", percutaneous radiofrequency, or microwave ablation"**! has
shown promising therapeutic effects””]. Meanwhile, novel approaches have also
emerged as powerful methods against tumor progression, relapse, and metastasis;
these approaches include the following: Nucleotide-based regulation via nanoparticle-
mediated drug delivery; various immune checkpoint blockades targeting cytotoxic T-
lymphocyte-associated protein 4, programmed cell death protein 1 (PD-1) or its ligand
PD-L1; and even cancer vaccines!™ . Comprehensive integration has promoted
heightened awareness, preventive measures, earlier detection, and better patient care.
However, there is still no radical therapeutic regimen for liver cancer. Heterogeneity
in the pathogenesis and biological behavior of liver cancer has led to drawbacks of
new systemic agents"’l. Furthermore, advances in immunotherapy and robotic
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surgery, though promising, are not feasible or affordable for generalized application
in settings with limited health care resources!™. Although issues concerning health
care disparities have aroused much public interest in reducing the gaps among
populations, several developed countries have even tried to eliminate health
inequalities; however, the effect is limited, and lower-HDI countries have not yet been
able to close the gap between their cancer outcomes and those of other countries!*-*l.
The current availability of essential technology and resources for prevention, early
detection, effective treatment, and palliative care is still sparsel***1.

There are some limitations to our study. A few countries with the highest
transitions in survival and MIR had contradictory values for these indicators (e.g.,
Asurvival = +10.8%, AMIR = +13.9% in Norway), indicating the potential for conflicts
in the estimated data from the GLOBOCAN and CONCORD programs. First, there
was a discrepancy between countries with available MIR data or survival rates.
Second, the MIR estimates provide a valuable assessment of cancer outcomes but are
not intended to serve as a substitute for continuous approaches to authoritative data
recording, such as high-quality population-based cancer registries and vital
registration systems!"'’l. Third, the present lack of high-quality local data in many
transitioning countries directly influenced the robustness of the included estimates.
For example, in survival data from Jordan, linkage with the national death index has
been insufficient because only approximately 70% of deaths are certified!"'l.
Furthermore, as described by CONCORD-3, estimates of liver cancer are flagged as
less reliable than those of other cancers because of the exclusion of higher proportions
of death-certificate-only registrations!''l.

In conclusion, HDI values are significantly correlated with liver cancer outcomes.
Even with successful prevention strategy measures, cases of liver cancer are likely to
increase over the next several decades owing to population aging and growth. Such
disparities in cancer health care should compel us to exert greater effort in improving
socioeconomic conditions in less developed countries and territories. Given the
dismal prognosis of liver cancer, research on new and available approaches against
liver cancer is urgently needed.

ARTICLE HIGHLIGHTS

Research background

Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the fourth leading
cause of cancer death worldwide. Novel treatment strategies against liver cancer have been
developed rapidly recent years. Given its high malignant potential, liver cancer burden is still a
serious public health problem over the past decade.

Research motivation

Socioeconomic development is closely interconnected with public health. However, little is
known about healthcare disparities in individuals suffering from liver cancer. Furthermore, the
manner in which social development and medical advances influenced liver cancer patients in
the past decade is waiting to be clarified.

Research objectives

To investigate the influence of national Human Development Index (HDI) on mortality-to-
incidence ratio (MIR) and 5-year net survival of patients with existing liver cancer, and transition
in liver cancer epidemiology from 2008 to 2018.

Research methods

We explored the association of MIR and survival of liver cancer with corresponding HDI via
correlation analysis and nonlinear regression. Specifically, nonlinear regression was based on a
modified “dose-to-inhibition response” model. We further investigated cancer geographic
variability across continents and countries, among which MIRs within the four-tier HDI groups
were compared via one-way ANOVA followed by Tukey-Kramer post hoc tests. Then we
focused on temporal heterogeneity over the past decade, and comparisons of the incidence,
mortality, calculated MIR, and survival between 2008 and 2018 were based on Weighted Chi-
square test. A P-value less than 0.05 was considered statistically significant.

Research results

Liver cancer MIRs were negatively correlated and showed good fit with a modified “dose-to-
inhibition response” pattern with HDI (P < 0.0001). Cancer survival was positively associated
with HDI (P < 0.01) and negatively associated with MIR (P < 0.05), solidly confirming the
interrelation among liver cancer outcome indicators and socioeconomic factors. Also, liver cancer
MIRs of 4-tier HDI subgroups differed from each other. Notably, in the past decade, as the levels
of national HDI in most countries have increased, the corresponding liver cancer MIR was
relatively lower (P < 0.0001) and survival has simultaneously improved (P < 0.001), with long-
existing region- or country-specific disparities.
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Research conclusions

This study is the first to explore the exact relationship between the epidemiology of liver cancer
and socioeconomic development in a long time scale. We showed the association between MIR
and survival of liver cancer and area-specific HDI. Moreover, HDI values have increased along
with improved liver cancer outcomes over the last decade, with significant disparities among
countries. Our findings provide strong evidence of healthcare disparities related to
socioeconomic factors, and we provide a substantial summary of the development of liver cancer
health care in the last decade.

Research perspectives

The great disparities in cancer health care should compel us to exert greater effort in improving
socioeconomic conditions in less developed countries and territories. Even the clinical outcomes
of liver cancer have improved in the past decade, it still lacks an ideal radical therapeutic
regimen. Given the dismal prognosis of liver cancer, research on new and available approaches
against liver cancer is urgently needed in the future.
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