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ABSTRACT

Background: There is little information about comparison of the mortality patterns in different regions. The current study aimed to

assess the trend changes of liver cancer mortality in 6 WHO regions.

Methods: The mortality rates of liver cancer in the 6 WHO regions during 1990 to 2017 were extracted from the Global Burden of Disease
database. Growth mixture model was used to identify the latent patterns using a set of tools to handle both the within and between
trajectory variations. All the modeling procedures were implemented in Mplus 7.4 software.

Results: The mortality rate in Africa showed a slow decreasing trend throughout the observation period, but a slow increase was observed
in the Eastern Mediterranean region, European region, region of the Americas, and South-East Asia region. The slope of the rise in liver
cancer mortality rate for Western Pacific region was 3-4 times higher than the other regions. 2-pattern growth mixture model was
estimated as the best model. The Western Pacific region with annual increase of 0.20 in the liver cancer mortality rate was in the first
pattern and the other 5 regions including Africa region, Eastern Mediterranean region, European region, region of the Americas, and
South-East Asia region with annual increase of 0.05 in liver cancer mortality rate belonged to the second pattern.

Conclusion: Observed pattern in the Western Pacific region is not favorable. Taking into account a set of urgent prevention actions to

control mortality rate of liver cancer in this region seems necessary.
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INTRODUCTION

Liver cancer is predicted to be a major health problem. In
2018, liver cancer was among the 6 most common can-
cers and the fourth leading cause of cancer deaths in the
world with 782 000 deaths. The incidence and mortal-
ity rate of this cancer in men is 2-3 times higher than
women.! In 2015, liver cancer was the second leading
cause of death with 887 000 deaths.?

Liver cancer deaths have been rising in the United
States since the 1980s. The mortality rate in this region
ranges from 2.3 to 6.8. The highest rates (5.5-6.8) were
observed in the populations of Washington DC and the
3 islands of Louisiana, Mississippi, and Texas.® Since 1970,
there have been many changes in the liver mortality in
Europe. This rate has decreased quadruplet in southern
European countries due to lower alcohol consumption
but has increased in equal proportions in other European
countries.*

In Asia, the 5 countries with the highest mortality rates
from liver cancer are as follows: Mongolia (70.3 per
100 000 people), the Lao PDR (50.9 per 100 000 people),
Vietnam (23.7 per 100 000 people), Cambodia (21.5 per
100 000 people), and Thailand (21.5 per 100 000 people).
Also, 5 Asian countries with the lowest mortality rate due
to liver cancer are Nepal (0.9 per 100 000 people), the
Islamic Republic of Iran (2.3 per 100 000 people), Lebanon
(2.4 per 100 000 people), Israel (2.5 per 100 000 people),
and India (2.6 per 100 000 people).® The incidence and
mortality of liver cancer in China is higher than other
countries. China has about 19% of the world's population
but accounts for more than 50% of all liver cancers and
newly diagnosed deaths.

Although information about liver cancer mortality in
Africa is limited, previous studies in South Africa showed
that the mortality rates increased between the ages of
50-59 and 60-69 in black African men in 2009-2010 and
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women in 2009-2015. Besides, the mean mortality rates
were 4 and 3.3 for black African men and women and
2.2 and 1.8 for their white population, respectively.®

In Australia, the death rate from this cancer increased
184% between 1982 and 20157; in Russia, liver cancer
mortality rates was 39.4% in 2000-2004 and 39.1% in
2010-2014; the percentage of change in 2002-2012
was —1.0.8

Liver cancer has the third highest prevalence and the
second highest mortality rate in Western Pacific region
(WPR). Of the 37 countries in WPR, Mongolia and Leo
PDR have the highest prevalence and mortality from liver
cancer, and Samoa, New Zealand, and Australia have the
lowest prevalence and mortality from this cancer.®

Although several studies have been conducted in differ-
ent regions on the trend changes of liver cancer mortality,
there is little information about comparison of the mor-
tality patterns in different regions. Therefore, the current
study aimed to assess the trend changes of liver cancer
mortality in 6 WHO regions.

MATERIALS AND METHODS

The mortality rate of major diseases has been reported
for 195 countries and made available through the Global
Burden of Disease Collaborative Network website. In the
current study, the mortality rates of liver cancer in the
WHO regions between 1990 and 2017 were extracted
from the Global Burden of Disease Study 2017 (GBD
2017) results.’® WHO Member States are grouped into 6
regions including Africa region, Eastern Mediterranean
region, European region, region of the Americas, South-
East Asia region, and WPR.

Statistical Analyses
Growth mixture model (GMM) is a modern technique to
identify the latent patterns using a set of tools to handle

Main Points

The mortality rate in Africa showed a slow decreasing trend
throughout the observation period, but a slow increase was
observed in the Eastern Mediterranean region, European
region, region of the Americas, and South-East Asia region.
The slope of the rise in liver cancer mortality rate for
Western Pacific region was 3-4 times higher than the other
regions.

The observed pattern in the Western Pacific region is not
favorable.

both the within and between trajectory variations. Each
of the k latent patterns was estimated using the following
equations:
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where af; is the estimated overall mean for the mortality
rates of liver cancer in kth pattern and af corresponds to
the annual mean rate of trend changes in the liver cancer
mortality for kth pattern. To estimate the number of pat-
terns, P-value of likelihood ratio test was calculated for
different number of patterns, and due to very small sam-
ple size, P < .20 was considered as statistically significant.
All the modeling procedures were implemented in Mplus
7.4 software.

RESULTS

The trend changes of liver cancer mortality rate in the
6 WHO regions between 1990 and 2017 are shown
in Figure 1. The mortality rate in Africa showed a slow
decreasing trend throughout the observation period, but a
slow increase was observed in the Eastern Mediterranean
region, European region, region of the Americas, and
South-East Asia region. As shown in Figure 1, the slope
of the rise in liver cancer mortality rate for WPR was
3-4 times higher than the other regions (note that verti-
cal scales are different in Figure 1). Looking at the graph
for Western Pacific, there was a decline in the mortality
after 2005 and then kind of plateau, subsequently ris-
ing steeply after 2013. Similarly, a continuous increase
in mortality with time is obvious in the regions of the
Americas which appears to be steeper than other regions.

To estimate the number of patterns, we summarized
the P-value of likelihood ratio test and other fit indices
in Table 1 for different patterns. Two-pattern GMM was
estimated as the best model, and more characteristics
of each pattern are reported in Table 2. The WPR with
annual increase of 0.20 in the liver cancer mortality rate
was in the first pattern. Also, the other 5 regions includ-
ing Africa region, Eastern Mediterranean region, European
region, region of the Americas, and South-East Asia
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Figure 1. Trend changes of liver cancer mortality rate in the 6 WHO regions. WHO, World Health Organization.
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Table 1. Fit Indices for Different Patterns

Number of Pattern

Fit Indices 1 2 3 4 5

AIC 1172 678 457 277 131
BIC 1166 671 449 269 123
SSBIC 1079 576 345 156 1.3
LRT P-value - 0.18 0.36 0.61 0.56

AIC, Akaike information criterion; BIC, Bayesian information criterion; SSBIC,
sample size adjusted Bayesian information criterion; LRT, likelihood ratio test.

region with annual increase of 0.05 in liver cancer mortal-
ity rate belonged to the second pattern. The behavior of
trend changes in both patterns is displayed in Figure 2.

DISCUSSION

In this study, modeling trend changes of liver cancer mor-
tality in the 6 WHO regions showed that there were 2
main patterns. The first pattern belonged to WPR with a
slow rising trend, but the other regions were categorized
in the second pattern, with almost constant mortality
rate during the past decades.

The WPR, as one of the WHO regions, comprises about a
quarter of the world's population. The WPR is a highly het-
erogeneous region and includes densely populated coun-
tries such as China to small islands in the Pacific.® Overall,
approximately 30% of all cancers in the world are in the
WPR with liver, stomach, and nasopharyngeal cancers
having the highest prevalence of 63%, 60%, and 53%,
respectively, among other cancers." In 2012, hepatitis B
vaccination in 5-year-old population reduced the inci-
dence of chronic hepatitis B infection (of the most com-
mon causes of liver cancer) to less than 2% in 30 out of
the 37 countries of the WPR, with efforts to reduce it in
the future. Hepatitis B-related disease leads to higher
mortality among adults who have not been vaccinated. In
China and many other countries in the region, the preva-
lence of chronic HBV infection leading to liver cancer is
more than 6%."

Table 2. Intercept and Slope of the Estimated Linear Trend for
Each Pattern

Intercept Slope
Region Estimate SE Estimate SE
Western Pacific region 19.49 0.08 0.20 0.01
Other regions 4.08 0.69 0.05 0.02

SE, standard error.

According to our findings, from 1990 to 2017, the mortal-
ity rate from liver cancer had a steady trend with a slight
increase in South East Asia. Consistent with the find-
ings presented in the study of Kim et al'2 based on the
mortality data from the Korean Statistical Information
Service, it was shown that mortality rates have remained
stable over the past decades. Also Wu et al’® in a study
conducted in East and Southeast Asia, showed that the
incidence of liver cancer in Thailand was constant from
1983 to 1999 and after 1999, it started to increase rap-
idly. Despite the successful control of HBV and aflatoxins
in this region, other risk factors such as obesity, diabe-
tes, and non-alcoholic fatty liver disease (NAFLD) due to
changes in lifestyle and dietary habits have continued to
increase liver cancer and mortality.'

The results of the study carried out by Mohammadian
et al®* showed that the standard mortality rate for liver
cancer in Asia ranged from 0.9 per 100 000 people in
Nepal to 70.3 per 100 000 in Mongolia. Hu et al'® stated in
their research that the ratio of mortality and incidence of
gastrointestinal cancer, including the liver, had an inverse
relationship with human development index (HDI) at the
national and regional levels.

Wong et al'® have shown that in the Asia-Pacific region,
hepatitis B virus (HBV), Hepatitis C virus (HCV), alcohol
overdose, metabolic syndrome, and concomitant liver
disease are major contributors to chronic liver damage
and end-stage liver pathology. Moreover, in countries
such as China, widespread implementation of hepatitis
B vaccination has reduced the incidence of liver cancer.
The prevalence of NAFLD is increasing due to lifestyle
changes and diets. As a result, the uptrend in NAFLD is
comparable to Western countries.®

According to our findings from 1990 to 2017, the mor-
tality rate of liver cancer was approximately constant in
European region. Pimpin et al* note that the liver disease
is a complex, diverse, and important disease in Europe.
Various risk factors in Europe such as consumption of
alcoholic beverages', liver diseases related to liver viruses
including HBV and HCV,” and NAFLD including obe-
sity'® and type 2 diabetes?® have led to the incidence and
mortality of liver cancer. Besides, the main reasons for the
increase in liver cancer in Australia are aging population,
increased prevalence of metabolic syndrome, NAFLDs
and type 2 diabetes, and increased migration from HBV
endemic countries. Hepatitis C virus infections have also
been a key risk factor for hepatocellular carcinoma (HCC);
however, the use of direct antiviral drugs in Australia is

535



Turk J Gastroenterol 2022; 33(6): 532-538

Ezmareh et al. Liver Cancer Mortality in the 6 WHO Regions

124 ——#—— Western Pacific Region

10+ ———O0—— Other Regions

1]
Q

1995

T T T T T T T T

2005 2010 2014

Year

Figure 2. Behavior of trend changes in the identified patterns via growth mixture model.

expected to make HCV a less commonly observed risk
factor.?'-2

For the trend observed in the African countries, we can
point to the high prevalence of HBV,2* HCV,2* and human
immunodeficiency virus (HIV) infections?® According to
the studies conducted by Yang et al?’ in Egypt, HCV was
the leading cause of HCC, and in other African countries,
HBV was the main cause of HCC. Yang et al?” in their stud-
ies in Africa state that for the initial prevention of chronic
hepatitis, measures such as general hepatitis B vaccina-
tion, identification of high-risk populations (patients with
HCV or HBV) by general population screening, prevention
of liver disease progression and disorder in liver function
through antiviral therapy, reduction of aflatoxin exposure
through postoperative interventions, monitoring of hepa-
tocellular carcinoma among individuals at risk, and estab-
lishment of hepatocellular carcinoma treatment centers
are the key components of efforts to prevent death from
liver cell carcinoma in Africa.

In line with our studies, a study of cirrhosis and liver cancer
mortality in the United States from 1999 to 2016 found
that cirrhosis mortality rate was lower in non-Hispanic
Americans than in Hispanic Americans. During this period,
the Northeastern United States has seen the lowest
increase (1.6%, 1.1-2.1%), while the South has the fastest
growth (3.5%, 2.8-4.2%). The fastest increase in liver cell
cirrhosis and related mortality occurred in the Western
and Southern United State. These variations may dove-
tail with economic recession in the United States and
unemployment which is related to trends in alcohol

misuse in young mean.2® The findings show that in the
United States, the prevalence and mortality rate of liver
cancer varies by geography, ethnicity, race, age, and gen-
der.® In the United States, HCV is the main reason leading
to liver cancer and mortality.?® Other risk factors for HCC
include alcohol overuse,® chronic HBV infection,®! diabe-
tes,® obesity,®® and NAFLD.34

Recently, Wong et al*®® in a study of the global trend of
liver cancer mortality in 2018 found that the highest
rates were in East Asia, North Africa, and Southeast Asia,
respectively. They cited the main causes of the rising
trend in liver cancer mortality, apart from racial and ethnic
differences, socioeconomic, and poverty factors, such as
diabetes, metabolic syndrome, obesity, alcohol, HBV, and
HCV.

To the best of our knowledge, this study is the first
assessment of the trend changes of mortality rate due to
liver cancer in the 6 regions of the world. This study uses
a highly advanced statistical model along with the most
up-to-date epidemiological data about this cancer. Lack
of statistical studies in some parts of the world and accu-
rate statistics on mortality rates from liver cancer in some
less developed countries due to the shortage of facilities
caused limitations in conducting this study. For future
investigation in this line, using advanced models to fore-
cast the incidence and mortality of this cancer is highly
suggested. In conclusion, observed pattern in the WPR is
not favorable. Taking into account a set of urgent preven-
tion actions to control mortality rate of liver cancer in this
region seems necessary.

536



Ezmareh et al. Liver Cancer Mortality in the 6 WHO Regions

Turk J Gastroenterol 2022; 33(6): 532-538

Ethics Committee Approval: Ethical committee approval is not nec-
essary due to the fact that this study is a secondary analysis.

Informed Consent: N/A.
Peer-review: Externally peer-reviewed.

Author Contributions: Consept — E.SFM, SHR, Design - MK,
S.H.R,; Supervision — S.H.R; Resources — E.S.F.M.,, MK, Materials —
MK, S.H.R; Data Collection and/or Processing —E.S.F.M., SHR, MK,
Analysis and/or Interpretation — E.S.F.M., SHR, MK Literature
Search — E.S.F.M,; Writing Manuscript — E.S.F.M,, S.H.R. M.K; Critical
Review - E.SFM., SH.R, MK.

Declaration of Interest: The authors have no conflict of interest to
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES

1. Zheng R, Qu C, Zhang S, et al. Liver cancer incidence and mortality
in China: temporal trends and projections to 2030. Chin J Cancer
Res. 2018;30(6):571-579. [CrossRef]

2. Cohen D, Shimakawa Y, Ndow G, et al. Prevention of liver fibrosis
and liver cancer linked to hepatitis B virus in Africa: the Prolifica
study. Med Sci. 2019;35(5):431-439. [CrossRef]

3. Altekruse SF, Henley SJ, Cucinelli JE, McGlynn KA. Changing hepa-
tocellular carcinoma incidence and liver cancer mortality rates in the
United States. Am J Gastroenterol. 2014,109(4):542-553. [CrossRef]
4. Pimpin L, Cortez-Pinto H, Negro F, et al. Burden of liver disease in
Europe: epidemiology and analysis of risk factors to identify preven-
tion policies. J Hepatol. 2018;69(83):718-735. [CrossRef]

5. Mohammadian M, Soroush A, Mohammadian-Hafshejani A, Tow-
hidi F, Hadadian F, Salehiniya H. Incidence and mortality of liver
cancer and their relationship with development in Asia. Asian Pac J
Cancer Prev. 2016;17(4):2041-2047. [CrossRef]

6. Mak D, Sengayi M, Chen WC, de Villiers CB, Singh E, Kramvis A.
Liver cancer mortality trends in South Africa: 1999-2015. BMC Can-
cer. 2018;18(1):798. [CrossRef]

7. Cocker F, Chien Yee K, Palmer AJ, de Graaff B. Increasing incidence
and mortality related to liver cancer in Australia: time to turn the tide.
Aust N Z J Public Health. 2019;43(3):267-273. [CrossRef]

8. Carioli G, Malvezzi M, Bertuccio P, et al. Cancer mortality in the
elderly in 11 countries worldwide, 1970-2015. Ann Oncol.
2019;30(8):1344-1355. [CrossRef]

9. Varghese C, Carlos MC, Shin HR. Cancer Burden and control in the
western Pacific region: challenges and opportunities. Ann Glob
Health. 2014,;80(5):358-369. [CrossRef]

10. Metrics IfH Evaluation. Global Burden of Disease Collaborative
Network. Global Burden of Disease Study 2016 (GBD 2016) Results.
Seattle: Institute for Health Metrics and Evaluation; 2017.

11. Shin HR, Shin A, Woo H, et al. Prevention of infection-related can-
cers in the WHO western Pacific Region. Jon J Clin Oncol.
2016;46(1):13-22. [CrossRef]

12. Kim BH, Park JW. Epidemiology of liver cancer in South Korea.
Clin Mol Hepatol. 2018;24(1):1-9. [CrossRef]

18. Wu J, Yang S, Xu K, et al. Patterns and trends of liver cancer
incidence rates in eastern and southeastern Asian countries (1983-
2007) and predictions to 2030. Gastroenterology. 2018;154(6):1719-
1728.e5. [CrossRef]

14. Fan JG, Kim SU, Wong VW-S. New trends on obesity and NAFLD
in Asia. J Hepatol. 2017,67(4):862-873. [CrossRef]

15. Hu QD, Zhang Q, Chen W, Bai XL, Liang TB. Human development
index is associated with mortality-to-incidence ratios of gastroin-
testinal cancers. World J Gastroenterol. 2013;19(32):5261-5270.
[CrossRef]

16. Wong MCS, Huang JLW, George J, et al. The changing epidemiol-
ogy of liver diseases in the Asia-Pacific region. Nat Rev Gastroenterol
Hepatol. 2019;16(1):57-783. [CrossRef]

17. Terris M. Epidemiology of cirrhosis of the liver: national mortality
data. Am J Public Health Nations Health. 1967;57(12):2076-2088.
[CrossRef]

18. Prevention ECfD Control. Systematic review on hepatitis B and
C prevalence in the EU/EEA. Stockholm: ECDC; 2016.

19. Huang TT, Drewnosksi A, Kumanyika SK, Glass TA. A systems-
oriented multilevel framework for addressing obesity in the 21st cen-
tury. Prev Chronic Dis. 2009;6(3):A82.

20. Hassan MM, Curley SA, Li D, et al. Association of diabetes dura-
tion and diabetes treatment with the risk of hepatocellular carci-
noma. Cancer. 2010;116(8):1938-1946. [CrossRef]

21. Baffy G. Hepatocellular carcinoma in non-alcoholic fatty liver
disease: epidemiology, pathogenesis, and prevention. J Clin Transl
Hepatol. 2013;1(2):131-137. [CrossRef]

22. Mak LY, Cruz-Ramédn V, Chinchilla-Lépez P, et al. Global epide-
miology, prevention, and management of hepatocellular carcinoma.
Am Soc Clin Oncol Educ Book. 2018;38:262-279. [CrossRef]

283. Nguyen VTT, Razali K, Amin J, Law MG, Dore GJ. Estimates and
projections of hepatitis B-related hepatocellular carcinoma in Aus-
tralia among people born in Asia-Pacific countries. J Gastroenterol
Hepatol. 2008;23(6):922-929. [CrossRef]

24. Barth RE, Huijgen Q, Tempelman HA, Mudrikova T, Wensing AM,
Hoepelman Al. Presence of occult HBV, but near absence of active
HBV and HCV infections in people infected with HIV in rural South
Africa. J Med Virol. 2011;83(6):929-934. [CrossRef]

25. Kew MC, Houghton M, Choo QL, Kuo G. Hepattitis C virus antibod-
ies in southern African blacks with hepatocellular carcinoma. Lancet.
1990,335(8694):873-874. [CrossRef]

26. Stein L, Urban MI, O'Connell D, et al. The spectrum of human
immunodeficiency virus-associated cancers in a South African black
population: results from a case-control study, 1995-2004. Int J Can-
cer. 2008;122(10):2260-2265. [CrossRef]

27. Yang JD, Mohamed EA, Aziz AO, et al. Characteristics, manage-
ment, and outcomes of patients with hepatocellular carcinoma in
Africa: a multicountry observational study from the Africa Liver Can-
cer Consortium. Lancet Gastroenterol Hepatol. 2017;2(2):103-111.
[CrossRef]

28. Tapper EB, Parikh ND. Mortality due to cirrhosis and liver cancer
in the United States, 1999-2016: observational study. BMJ.
2018;362:k2817. [CrossRef]

29. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology. 2012;142(6):1264-1273.e1.
[CrossRef]

30. Loomba R, Yang Hl, Su J, et al. Synergism between obesity and
alcohol in increasing the risk of hepatocellular carcinoma: a pro-
spective cohort study. Am J Epidemiol. 2013;177(4):333-342.
[CrossRef]

537


https://doi.org/10.21147/j.issn.1000-9604.2018.06.01
https://doi.org/10.1051/medsci/2019076
https://doi.org/10.1038/ajg.2014.11
https://doi.org/10.1016/j.jhep.2018.05.011
https://doi.org/10.7314/apjcp.2016.17.4.2041
https://doi.org/10.1186/s12885-018-4695-9
https://doi.org/10.1111/1753-6405.12889
https://doi.org/10.1093/annonc/mdz178
https://doi.org/10.1016/j.aogh.2014.09.015
https://doi.org/10.1093/jjco/hyv092
https://doi.org/10.3350/cmh.2017.0112
https://doi.org/10.1053/j.gastro.2018.01.033
https://doi.org/10.1016/j.jhep.2017.06.003
https://doi.org/10.3748/wjg.v19.i32.5261
https://doi.org/10.1038/s41575-018-0055-0
https://doi.org/10.2105/ajph.57.12.2076
https://doi.org/10.1002/cncr.24982
https://doi.org/10.14218/JCTH.2013.00005
https://doi.org/10.1200/EDBK_200939
https://doi.org/10.1111/j.1440-1746.2007.05065.x
https://doi.org/10.1002/jmv.22026
https://doi.org/10.1016/0140-6736(90)90474-j
https://doi.org/10.1002/ijc.23391
https://doi.org/10.1016/S2468-1253(16)30161-3
https://doi.org/10.1136/bmj.k2817
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1093/aje/kws252

Turk J Gastroenterol 2022; 33(6): 532-538

Ezmareh et al. Liver Cancer Mortality in the 6 WHO Regions

31. Kew MC. Epidemiology of chronic hepatitis B virus infection,
hepatocellular carcinoma, and hepatitis B virus-induced hepatocel-
lular carcinoma. Pathol Biol. 2010;58(4):273-277. [CrossRef]

32. Hamed MA, Ali SA. Non-viral factors contributing to hepatocel-
lular carcinoma. World J Hepatol. 2013;5(6):311-322. [CrossRef]
33. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight,
obesity, and mortality from cancer in a prospectively studied cohort
of U.S. adults. N Engl J Med. 2003;348(17):1625-1638. [CrossRef]

34. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohepa-
titis: summary of an AASLD single topic conference. Hepatology.
2003;37(5):1202-1219. [CrossRef]

35. Wong MC, Jiang JY, Goggins WB, et al. International incidence
and mortality trends of liver cancer: a global profile. Hepatology.
2017;7:45846. [CrossRef]

538


https://doi.org/10.1016/j.patbio.2010.01.005
https://doi.org/10.4254/wjh.v5.i6.311
https://doi.org/10.1056/NEJMoa021423
https://doi.org/10.1053/jhep.2003.50193
https://doi.org/10.1038/srep45846

