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Abstract

Background Leukemia contributes significantly to the global cancer burden. Due to the importance of evaluating
improvements in leukemia outcomes, the current study aimed to examine the variations in mortality-to-incidence
ratio (MIR) between genders and association of MIR with the health expenditures in selected countries.

Methods The leukemia incidence and mortality rates were extracted from the GLOBOCAN 2020 database. In total, 56
countries were included based on the data quality reports and the exclusion of missing data. The associations of MIR
and changes in MIR over time (8MIR) with the human development index (HDI), current health expenditure (CHE)

per capita, and current health expenditure as a percentage of gross domestic product (CHE/GDP) were investigated
using Spearman’s rank correlation coefficient.

Results In 2020, an estimated 474,519 new cases of leukemia were diagnosed globally, and 311,594 deaths occurred
due to the disease. Male patients exhibited a higher incidence and mortality of leukemia compared to females on

a global scale. Our analysis revealed that the MIRs were the highest and lowest in Egypt (0.79) and the United States
(0.29), respectively. Remarkably, countries with greater HDI, higher CHE per capita, and a higher CHE/GDP tended

to have lower MIR in both genders and within gender-specific subgroups. The SMIR demonstrated a significant
negative correlation with HDI and CHE per capita, whereas no significant associations were observed among female
patients for CHE/GDP. Besides, all three indicators showed trends towards negative correlations with SMIR

among males, though these trends were not statistically significant (p>0.05).

Conclusions Generally, leukemia MIRs tended to be most favorable (i.e., lower) in countries with high HDI and high
health expenditure. The gender differences observed in leukemia outcomes may reflect the potential influence
of social, material, behavioral, and biological factors.
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Text box 1. Contributions to the literature

« Research has illuminated that ASR-based SMIR had positive values
in several countries, which may suggest an improvement in detection
and management of leukemia outcomes.

« The significant correlation between ASR-based MIR and healthcare
evaluation indicators supported the conclusion that there are health care
disparities among various countries.

« A gender inequality was evident for the correlation of MIR with CHE

per capita and CHE/GDP across countries, confirming the impact of can-
cer care disparities in the prognosis of leukemia between genders.

Background

Leukemia is a group of cancers that arise from abnor-
mal cells derived from hematopoietic tissues within the
body, exhibiting poor differential and aggressiveness
[1]. Estimates from GLOBOCAN 2020 indicated that
leukemia ranked as the 11" leading cause of cancer-
related mortality worldwide, accounting for nearly 4.7%
(466,003) of all cancer-related deaths. Besides, leuke-
mia was diagnosed as the 16™ most commonly occur-
ring cancer, with over 495,000 new cases reported in
2020 (2.6%) [2]. Examining global trends, gradual
decreasing trends were seen for both incidence and
related deaths during the period 1990-2019. Never-
theless, it has been noticed that the age-standardized
incidence rate (ASIR), age-standardized mortality rate
(ASMR), incidence cases, and deaths related to leu-
kemia per year are predicted to rise untill 2030 at the
global level [3, 4]. Hence, it is imperative to allocate
health resources in order to enhance leukemia preven-
tion and control.

The incidence and mortality rates of leukemia have
varied across regions and countries, which most likely
reflect changes and differences in multiple risk factors,
disease detection, diagnostic practices, treatment, health-
care infrastructure, disparities in the distribution of can-
cer cases, and complex etiology [5—11]. For instance, the
ASMR reveled a remarkable downward trend in high-
income geographic regions until 2017, while the upward
trends were detected in Andean Latin America and East
Asia [7]. Furthermore, the decreasing trend in ASIR was
most pronounced in low-middle- and middle-sociode-
mographic index regions from 1990-2019 [3]. These
observations confirm the requirement to examine the
disparities in leukemia burden and healthcare systems
among different nations.

The main clinical outcome for cancer treatment
is typically measured by the 5-year survival rate, and
partially by the mortality-to-incidence ratio (MIR).
The MIR has been identified as a valuable indicator
for assessing disparities in cancer screening, health-
care systems quality, and the long-term effectiveness
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of cancer control and surveillance programs. It’s
worth noting that some previous epidemiological
studies have indicated that the MIR can be applied
to determine whether a country experiences higher
or lower mortality compared to its incidence. In coun-
tries where actual data on cancer survival rates is
lacking, it can serve as a useful proxy to reflect rela-
tive survival rates among nations [6, 12, 13]. A prior
study using the Global Burden of Disease (GBD) 2019
database demonstrated that the decline in leukemia
incidence and mortality rates in developed regions
was more significant than in developing regions [3].
Nevertheless, there is a scarcity of studies evaluat-
ing the progress in leukemia management outcomes
over time and its correlation with country-level health
disparities.

Notably, gender variations have a significant impact
on cancer, resulting in incidence rates being up to
20% greater and mortality rates up to 40% higher
among males [14]. A collection of previous studies has
clarified that the notable difference between sexes is
related to many factors, namely awareness, treatment,
healthcare use, disease control rate, time of diagnosis,
occupational exposure, and differences in overall sur-
vival [15-17]. In terms of leukemia, the male popula-
tion exhibited higher rates of incidence and mortality
compared to females, highlighting the impact of bio-
logic and epidemiologic factors [1, 4, 10, 11, 18, 19].
Disparities in healthcare and socioeconomic factors
among nations could contribute to certain aspects of
leukemia risk factors. To explore gender differences in
this context, we have implemented the relative MIR
of leukemia (MIR of female to MIR of male), which
has not previously been undertaken in existing stud-
ies. In general, the objectives of the present study are
as follows. Firstly, to describe the incidence, mortality
rates, and relative MIR of leukemia, thereby enabling
a comparison of continental and regional variations;
all of which is based on data from the GLOBOCAN
2020 database. Secondly, we provided the incidence
and mortality rates (per 100,000), as well as MIR due
to leukemia, human development index (HDI) val-
ues, current health expenditure (CHE) per capita,
and CHE as a percentage of gross domestic product
(CHE/GDP) for selected countries. Furthermore, the
delta-mortality-to-incidence ratio (3MIR) was deter-
mined for each country by subtracting the MIR val-
ues of GLOBOCAN 2020 from GLOBOCAN 2012.
This indicator can help assess changes in MIR over
time and improvements in clinical outcomes among
the selected countries. Lastly, the correlations of
MIR and 3MIR with HDI, CHE, and CHE/GDP were
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examined, providing valuable insights for health plan-
ning and research activities.

Methods

Data sources and variables

Our analysis was carried out using leukemia incidence
and mortality data (ICD-10 codes C91-C95) sourced
from the publicly available cancer database GLOBO-
CAN 2020, which is maintained by the International
Agency for Research on Cancer of the World Health
Organization (WHO) [2] (http://gco.iarc.fr/). Briefly,
cancer incidence and mortality rates for 2020 were
estimated by sex and across 18 age groups (0—4, 5-9,
10-14, 15-19, ..., 75-79, 80-84, 85 and over) for the
185 countries or territories worldwide with popula-
tions exceeding 150,000 inhabitants in the same year.
Reports are presented for 38 cancer sites or cancer
types, as defined by the 10th edition of the International
Classification of Diseases (ICD-10, version 2014), and
for all cancers combined. The sources of data, as well as
the methods hierarchy utilized in compiling the cancer
estimates, have been described in detail elsewhere [20].
In the current study, the number, crude rate, and age
standardized rate for leukemia were extracted by gen-
der, continent, and country.

The inclusion criteria for selecting countries for this
study encompassed the availability/quality of cancer
incidence and mortality information by gender. More-
over, countries were excluded according to the data
quality report from GLOBOCAN (N=121), instances
of missing data (N=3), and outliers for MIR/ SMIR
(N=5). Consequently, a total of 56 countries fulfilled
the inclusion criteria for data quality and were included
in the final analysis. On the other hand, data relat-
ing to health expenditures, CHE per capita, and CHE/
GDP were obtained from the World Health Statistics of
WHO  (https://www.who.int/gho/publications/world_
health_statistics/en/). These indicators play a pivotal
role in assessing healthcare disparity among differ-
ent countries and contribute to our comprehension of
the influence of MIR on healthcare systems [21].

The incidence and mortality of leukemia may be
influenced by socio-demographic variables. One of the
indicators that allows for comparing countries with
respect to these key aspects is the HDI. The United
Nations Development Programme described the HDI
as a measure of average achievement in three key
dimensions of human development: a long and healthy
life, being knowledgeable, and having a decent stand-
ard of living. The HDI comprises education, estimated
as the expected years of schooling and average years of
schooling; income or standard of living measured by
gross national income per capita; and population health
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based on life expectancy at birth (in years) [22]. The
HDI data was obtained from the Human Development
Report Office of the United Nations Development Pro-
gramme (http://hdr.undp.org/en). Based on this indica-
tor, the countries were classified into four groups: low
(0.35-0.54), medium (0.55-0.69), high (0.70-0.79), and
very high (0.80-1.00) [23].

The MIR is defined as the ratio of the crude rate
(CR) of mortality to the CR of incidence. This indicator
can identify whether a country has a higher mortality
than might be expected according to its incidence [24].
The age-standardized rate (ASR)-based SMIR is also
defined as the difference between the ASR- based MIR
in 2012 and 2020 (ASR-based 3MIR = ASR-based MIR
[in 2012] — ASR-based MIR [in 2020]). This index pro-
vides information about changes in MIR between these
two years. Importantly, a positive value for ASR-based §
MIR may suggest an improvement in the detection and
management of leukemia outcomes [25]. Additionally,
we examined the relative MIR, defined as the ratio of the
MIR for females to the MIR males.

Statistical analysis

The associations among MIR, 3MIR, and other indica-
tors (including HDI, CHE per capita, and CHE/GDP
percentage) across selected countries, stratified by gen-
der, were determined using Spearman’s rank correlation
coefficient. It is important to emphasize that significant
correlations highlight health care disparities among dif-
ferent countries. All statistical analyses and visualizations
were implemented using SPSS version 21.0 (IBM SPSS
Inc, Amonk, NY, USA) and R software version 4.3.0.
A p-value of less than 0.05 from a two-sided test was
regarded as statistically significant.

Results

Epidemiology of leukemia outcomes across regions
Overall, in 2020, there were 474,519 new cases of leu-
kemia and 311,594 deaths attributed to the disease.
The incidence of new cases and deaths was more pro-
nounced among males globally compared to females
(269,503 vs. 205,016; 177,818 vs. 133,776, respectively).
Similar patterns were also observed in the CRs of inci-
dence (6.9/100,000 in males vs. 5.3/100,000 in females)
and mortality (4.5/100,000 in males vs. 3.5/100,000 in
females) worldwide. The cases and CRs of incidence and
mortality, along with the MIR, for the total population,
females, and males across different regions and conti-
nents, are provided in Table 1. Among the various con-
tinents, Asia exhibited the highest numbers of new cases
(230,650) and deaths (168,119) for both genders; whilst
the lowest numbers were observed in Oceania (5671 new
cases and 2820 deaths, respectively). Northern America
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had the highest CR of incidence (total: 18.4/100,000;
female: 15.1/100,000; male: 21.7/100,000), whereas the
lowest CR of incidence was recorded in Africa (total:
2.4/100,000; female: 2.1/100,000; male: 2.7/100,000).
Furthermore, we found that Europe and Africa, had
the highest and lowest CR of mortality, respectively. By
WHO regions, the Western Pacific region had the highest
absolute numbers of new cases and deaths for both sexes.
In contrast, Africa had the lowest numbers of incidence
and mortality. Moreover, Europe had the highest CR of
incidence (total: 11.9/100,000; female: 10.3; male: 13.7),
as well as the highest CR of mortality (total: 7.5/100,000;
female: 6.5/100,000; male: 8.6/100,000), followed by the
Americas (Fig. 1).

Comparing the HDI quintile groups, it was revealed
that the region with a very high HDI region had
the highest numbers of new cases and CRs of inci-
dence (total: 13.2/100,000; female: 11.2/100,000; male:
15.2/100,000), as well as mortality (total: 7.3/100,000;
female: 6.2/100,000; male: 8.4/100,000) due to leukemia.
Besides, the high HDI quintile had a higher number of
deaths than other regions (Table 1).

In terms of MIR, Africa exhibited the greatest MIR
values (both sexes: 0.75; female: 0.76; male: 0.74) when
compared to the other continents. On the other hand,
the MIRs were higher in the WHO South-East Asia, East
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HDI region displayed the highest MIRs for females (0.74),
males (0.78), and both genders (0.76). These findings sug-
gest that the MIR values were more pronounced in less
developed regions. Regarding the relative MIRs across
different continents and WHO region categories, Oce-
ania (1.08) and Americas (1.02) had the highest, while
Asia (0.95), followed by the Western Pacific (0.93) and
Africa (0.93) regions, demonstrated the lowest relative
MIRs. As a result, the relative MIRs indicate a gender dif-
ference in leukemia (Table 1).

Country-wise differences in the HDI, health expenditures,
and in the leukemia burden

Table 2 gives the HDI, CHE per capita values, incidence,
mortality, and ASR-based MIR of leukemia among 56
selected countries in the year 2020. As observed, Nor-
way exhibited the highest HDI (0.957), whilst the low-
est HDI was detected in Mauritius (0.546). Of note, the
range of CHE/GDP spanned from 2.9% in Qatar and
16.7% in the United States of America.

We also identified differences in leukemia out-
comes across countries. It was found that Belgium
(11.9/100,000) and Cyprus (5.2/100,000) had the highest
ASIR and ASMR in 2020, respectively. By contrast, the
lowest ASIR and ASMR were occurred in South Africa

Mediterranean, and Africa regions. Moreover, the low  (3.7/100,000) and Malta (1.7/100,000), respectively.
A) Number of Cases B) Number of Deaths
Males NN 17841 Males NN 13262
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Fig. 1 Incidence and mortality from leukemia in 2020 for each continent by gender
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Table 2 Summary of human development index, current health expenditure of incidence, mortality, and ASR-based mortality-to-
incidence ratio due to leukemia among selected countries (n=56)

Country HDI CHE Incidence Mortality ASR-based MIR

Score Rank Percapita %of GDP ASIR CR Cum.Risk ASMR CR Cum.Risk 2012 2020 SMIR

Argentina 0845 46 946 9.5 59 720 1.6 37 5 093 074 063 0.11
Australia 0944 8 5427 9.9 10.7 1760 238 34 79 134 049 032 0.17
Austria 0922 18 5242 104 7.7 14 1.63 34 89 119 033 044 0.11
Belarus 0823 53 399 58 7.5 1100 127 37 7 0.95 0.61 049 0.12
Belgium 0931 14 4960 10.7 119 2120 238 38 104 143 041 032 0.09
Brazil 0765 84 853 9.6 4.7 540 1.01 32 4 0.84 071 068 0.03
Bulgaria 0816 56 697 7.1 52 8 0.79 3.1 72 086 061 060 0.01
Canada 0929 16 5048 10.8 9.8 1750 2.16 34 82 124 034 035 -0.01
Chile 0851 43 1376 93 58 7 1.08 33 48 085 063 057 0.06
Colombia 0767 83 495 7.7 6.2 660 113 4.1 48 091 065 066  -001
Costa Rica 0810 62 921 73 6.4 690 1.10 36 46 089 067 056 0.11
Croatia 0851 43 1040 6.9 6.5 12.70 1.54 43 113 143 043 066 -0.23
Cuba 0783 70 986 1.3 53 760 094 32 54 075 065 060 0.05
Cyprus 0.887 33 1996 7 8 12 1.89 52 10.7  1.98 039 065 -0.26
Czechia 0.900 27 1844 7.8 74 13.90 1.69 35 87 1.8 046 047 -0.01
Denmark 0940 10 6003 99 83 1550 1.80 36 10 14 042 043 -0.01
Ecuador 0.759 86 486 7.8 6.7 6.80 1.24 48 5.1 1.05 073 071 0.02
Egypt 0.707 116 149 4.7 5.7 510 094 4.5 38 095 0.77 079 -0.02
Estonia 0.892 29 1599 6.7 8.7 1480 1.63 38 103 13 051 044 0.07
Finland 0938 11 4450 9.1 6.8 1240 136 24 71 089 034 035 -0.01
France 0901 26 4492 11.1 89 18 2.05 36 106 1.37 036 040 -0.04
Germany 0947 6 5440 1.7 8.2 1650 1.75 34 113 134 022 041 -0.19
Iceland 0949 4 6275 8.6 59 970 139 23 56 103 030 039 -0.09
Ireland 0955 2 4313 6.7 84 1270 1.86 30 59 1.4 029 036 -0.07
Italy 0.892 29 2906 8.7 79 1550 1.5 35 105 1.15 025 044 -019
Jamaica 0.734 101 327 6.1 4.7 530 080 36 41 069 069 076 -0.07
Japan 0919 19 4360 10.7 6.1 10.80 097 24 78 072 030 039 -0.09
Kuwait 0806 64 1759 55 6.6 480 163 4 28 124 060 061 -0.01
Latvia 0.866 37 1167 6.5 7.8 15 1.57 43 106 1.25 060 055 0.05
Lithuania 0882 34 1370 7 9.9 1920 207 39 104 126 062 039 0.23
Luxembourg 0916 23 6221 54 6.0 1250 213 28 67 128 039 047 -0.08
Malaysia 0810 62 436 38 6.3 590 075 44 46 066 076 070 0.06
Malta 0895 28 2532 8.2 52 970 1.4 1.7 5 0.7 032 033 -0.01
Mauritius 0546 157 686 33 6.1 730 1.09 35 48 076 058 057 0.01
Netherlands 0944 8 5335 10.1 7.8 13.90 1.54 33 95 134 033 042 -0.09
New Zealand 0931 14 4211 9.7 8.8 1430 194 4.2 93 153 043 048 -0.05
Norway 0957 1 8007 10.5 8.7 1450 1.83 3.1 7.1 1.1 035 036  -001
Philippines 0718 107 142 4.1 5.7 530 104 43 4 0.87 065 075 -0.10
Poland 0.880 35 - 6.4 7.0 12 148 39 9 1.25 055 056  -001
Portugal 0.864 38 2221 9.5 74 1520 161 34 95 1.1 038 046 -0.08
Qatar 0848 45 1807 29 4.8 320 065 32 21 053 065 067 -0.02
Russian Federation 0824 52 653 5.7 6.5 940  1.09 33 56 074 059 051 0.08
Serbia 0.806 64 641 8.7 79 12.1 1.39 4.1 8.1 1.05 067 052 0.15
Singapore 0938 11 2633 4.1 89 11.1 1.55 3.1 52 092 037 035 0.02
Slovakia 0.860 39 1342 6.9 84 1430 1.86 5 9.7 142 053 059 -0.06
Slovenia 0917 22 2219 8.5 73 156 191 4 125 1.66 042 055 -0.13

South Africa 0709 114 546 9.1 37 32 0.89 28 25 077 079 076 0.03
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Country HDI CHE Incidence Mortality ASR-based MIR
Score Rank Percapita %ofGDP ASIR CR Cum.Risk ASMR CR Cum.Risk 2012 2020 SMIR
Spain 0904 25 2711 9.1 6.8 1270 142 29 8 1.01 029 043 -014
Sweden 0945 7 5671 109 7.6 133 149 3 8.3 112 032 039 -0.07
Switzerland 0955 2 9666 13 75 135 159 28 76 104 027 037 -0.10
Thailand 0777 79 296 38 54 660 087 34 47 067 060 063  -0.03
Trinidad and Tobago 0796 67 1168 7.0 56 6.3 0.77 3.7 48 069 0.71 0.66 0.05
Ukraine 0779 74 248 7.1 6 83 0.85 32 5 0.53 057 053 0.04
United Kingdom 0932 13 4313 10.1 87 162 2 29 7.8 1.14 038 033 0.05
United States of America 0926 17 10,921 16.7 11 185 243 32 72 1.9 055 029 0.26
Uruguay 0817 55 1661 9.3 6.3 9.7 1.36 34 6.8 1.1 070  0.54 0.16

HDI' human development index, CHE current health expenditure, GDP gross domestic product, ASIR age-standardized incidence rate, CR crude rate, Cum cumulative,
ASMR age-standardized mortality rate, MIR mortality-to-incidence ratio
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Fig. 2 Country-wise age-standardized rates and mortality-to-incidence ratio due to leukemia in 2020

When considering the ASR-based MIR in 2012, South
Africa (0.79) had the highest ASR-based MIR of leuke-
mia among all included countries, while Germany (0.22)
had the lowest. Furthermore, the ASR-based MIR was
highest in Egypt (0.79) and lowest in the United States

(0.29) in 2020 (Fig. 2). The crude rates of leukemia cancer
burden are proved in Supplementary Table S1.

A comparison of ASR-based SMIR among the inves-
tigated countries revealed that the SMIRs in most
countries were negative. The largest value for ASR-
based SMIR was documented in the United States of
America (0.26), followed by Lithuania (0.23), whilst the
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Table 3 The age-standardized incidence and mortality rates along with the ASR -based mortality-to-incidence ratio due to leukemia
among females of selected countries (n=56)

Country Incidence Mortality ASR-based MIR

ASIR Cum.Risk ASMR Cum.Risk 2012 2020 SMIR
Argentina 49 0.89 29 0.7 0.71 0.59 0.12
Australia 84 177 26 1.02 042 031 0.11
Austria 6.2 1.25 26 0.92 0.28 042 -0.14
Belarus 6.7 1.02 3 0.76 0.62 0.45 0.17
Belgium 104 1.98 3.1 1.15 037 0.30 0.07
Brazil 4 0.81 2.7 0.68 0.66 0.67 -0.01
Bulgaria 4.6 0.68 23 0.69 0.56 0.50 0.06
Canada 7.6 1.58 26 092 0.31 0.34 -0.03
Chile 5.1 0.87 2.7 0.67 0.58 0.53 0.05
Colombia 54 0.94 35 0.76 063 0.65 -0.02
Costa Rica 5.6 091 3 0.72 0.62 0.53 0.09
Croatia 5 1.19 34 1.08 0.39 0.68 -0.29
Cuba 4.6 0.78 26 0.61 0.60 0.56 0.04
Cyprus 6.5 1.59 36 1.45 0.35 0.55 -0.20
Czechia 56 1.28 2.7 0.91 044 048 -0.04
Denmark 6.6 133 3.1 1.13 0.40 047 -0.07
Ecuador 59 1.04 43 0.89 0.71 0.73 -0.02
Egypt 5.1 0.87 39 087 0.75 0.76 -0.01
Estonia 6.8 1.25 29 0.94 046 043 0.03
Finland 54 1.03 2 0.68 0.31 037 -0.06
France 7 1.59 2.6 1.01 0.33 0.37 -0.04
Germany 6.7 1.36 27 1.04 0.21 040 -0.19
Iceland 4 0.81 1.7 063 0.26 042 -0.16
Ireland 74 1.46 25 091 0.25 0.34 -0.09
Italy 6.8 1.27 28 0.89 0.22 041 0.19
Jamaica 44 0.64 33 0.6 0.67 0.75 -0.08
Japan 54 0.78 1.7 0.51 0.25 0.31 -0.06
Kuwait 6.6 1.64 4.2 1.24 0.55 0.64 -0.09
Latvia 6.9 14 34 1.08 0.57 049 0.08
Lithuania 8.7 1.76 29 1.08 0.60 033 0.27
Luxembourg 3.1 123 1.8 0.88 0.35 0.58 -0.23
Malaysia 56 0.69 39 0.61 0.72 0.69 0.03
Malta 5 0.99 1.3 0.54 0.31 0.26 0.05
Mauritius 5.1 0.74 29 0.63 0.54 0.57 -0.03
Netherlands 6.3 1.16 25 097 0.30 0.39 -0.09
New Zealand 7.6 1.62 34 1.24 0.40 0.45 -0.05
Norway 7.2 1.46 24 0.8 0.30 033 -0.03
Philippines 5.1 0.86 3.7 0.71 0.63 0.72 -0.09
Poland 57 1.25 3.1 0.97 0.52 0.54 -0.02
Portugal 6.3 1.28 2.7 083 0.34 043 -0.09
Qatar 35 0.37 24 0.3 047 0.68 -0.21
Russian Federation 5.7 0.92 2.7 0.61 0.56 047 0.09
Serbia 6.6 1.1 33 0.81 0.64 0.50 0.14
Singapore 79 1.28 25 0.68 0.31 032 -0.01
Slovakia 6.5 1.5 44 1.26 0.50 0.68 -0.18
Slovenia 6 143 29 1.19 0.36 048 -0.12

South Africa 29 0.73 2.2 0.63 0.75 0.76 -0.01
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Table 3 (continued)
Country Incidence Mortality ASR-based MIR

ASIR Cum.Risk ASMR Cum.Risk 2012 2020 SMIR
Spain 56 1.07 22 0.77 0.25 039 -0.14
Sweden 6.2 1.16 24 0.92 0.30 0.39 -0.09
Switzerland 6 1.16 2.1 0.73 0.24 0.35 -0.11
Thailand 49 0.76 3 0.58 0.60 061 -0.01
Trinidad and Tobago 5.1 06 35 0.51 0.68 0.69 -0.01
Ukraine 49 0.66 25 04 0.55 0.51 0.04
United Kingdom 7 1.51 2.2 0.85 033 0.31 0.02
United States of America 9 1.87 2.5 0.88 0.54 0.28 0.26
Uruguay 5.1 1.07 2.7 0.84 0.66 0.53 0.13

ASIR age-standardized incidence rate, Cum cumulative, ASMR age-standardized mortality rate, MIR mortality-to-incidence ratio

lowest values were obtained in Cyprus (-0.26), as well
as Croatia (-0.23). Details about the gender differences
in the outcome of leukemia and related ASR-based
MIR, separately for females and males, are summa-
rized in Tables 3 and 4, respectively.

The gender differences in the associations of leukemia
MIR and 8MIR with the HDI, the CHE/GDP, and the CHE
per capita among various countries
To assess healthcare disparities, bivariate correlations
were investigated between the ASR-based MIR and HDI,
CHE per capita, and CHE/GDP. As observed, the ASR-
based MIR of leukemia had a significant negative cor-
relation with all three indicators for both genders (o=
-0.847, p=-0.796, and p=-0.538, respectively), females
(p= -0.807, p= -0.732, and p=-0.554, respectively), and
males (p= -0.839, p=-0.824, and p=-0.498, respec-
tively) in 2020 (all p <0.001; Fig. 3A-I). Notably, countries
with higher HDI values, higher CHE per capita values,
and a greater CHE/GDP percentage tended to have a
lesser ASR-based MIR. Meanwhile, significant nega-
tive correlations were detected between CR-based MIR,
HDI (p=-0.566, p<0.001), CHE per capita (p=-0.540,
p<0.001), and CHE/GDP (p= -0.355, p=0.012) among
females. Additionally, the CR-based MIR exhibited nega-
tive correlations with higher HDI, CHE per capita, and
CHE/GDP values for males (Supplementary Fig. S1A-I).
We further utilized the ASR-based SMIR as an innova-
tive parameter to elucidate improved outcomes in leu-
kemia. For both genders, the HDI and CHE per capita
revealed negative correlations with the ASR-based SMIR
(p=-0.239, p=0.076; p=-0.237, p=0.081, respectively),
while the CHE/GDP showed a positive association with
the ASR-based 8MIR (p=0.020, p=0.881) (Fig. 4A-
C). Among female patients, the ASR-based SMIR was
significantly and negatively correlated with the HDI

and CHE per capita (p=-0.280, p=0.037; p=-0.323,
p=0.016, respectively). However, the ASR-based SMIR
failed to indicate any significant correlation with the
CHE/GDP percentage (p=0.025, p=0.854) (Fig. 4D-F).
On the other hand, the HDI, the CHE per capita, and
the CHE/GDP percentage showed trends toward nega-
tive correlations with the ASR-based SMIR among males
with leukemia, but these trends were not statistically
significant (p=-0.245, p=0.069; p=-0.201, p=0.140;
p=-0.066, p=0.630, respectively) (Fig. 4G-I). Moreover,
it was found that the correlations between the CR-based
OMIR and all three indicators were negative for both gen-
ders (Supplementary Fig. S2A-I).

Discussion

This study examined the global burden of leukemia and
the associations between MIR, SMIR and HDI, CHE per
capita, and CHE/GDP ratio across countries. The esti-
mates of leukemia incidence and mortality were procured
from one of the most reliable sources, the GLOBOCAN
2020 database, focusing on 56 countries with quality data
from cancer registries. We observed 474,519 new cases
and 311,594 deaths from leukemia in 2020, ranking it
among the top-10 leading cancers worldwide. Although
the highest absolute burden (leukemia incidence and
deaths) was detected in Asia, the highest incidence rates
were found in Northern America, with the lowest rates in
African regions. As per the country’s development levels,
the highest incidence rates were observed in high and
very high HDI countries, whereas MIR was the lowest
in high and very high HDI countries. According to our
correlation analysis, MIR was negatively correlated with
HDI, CHE per capita, and CHE/GDP ratio, implying that
the countries with higher HDI and health expenditures
had lower MIR (i.e., higher survival rates) than lesser
developed countries.
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Table 4 The age-standardized incidence and mortality rates along with the ASR -based mortality-to-incidence ratio due to leukemia
among males of selected countries (n=56)

Country Incidence Mortality ASR-based MIR

ASIR Cum.Risk ASMR Cum.Risk 2012 2020 S MIR
Argentina 7.1 1.61 48 1.33 0.78 0.68 0.10
Australia 13.2 3.1 43 1.75 0.55 032 023
Austria 94 215 43 1.58 038 046 -0.08
Belarus 9 1.87 5 1.38 0.61 0.55 0.06
Belgium 13.6 292 4.7 1.83 045 0.34 0.11
Brazil 56 13 39 1.08 0.75 0.70 0.05
Bulgaria 59 0.97 49 1.26 0.65 0.83 -0.18
Canada 12.2 2.89 43 1.67 0.38 0.35 0.03
Chile 6.6 1.38 4 112 0.67 0.61 0.06
Colombia 7.1 1.37 4.8 1.1 0.69 0.68 0.01
Costa Rica 7.3 1.34 4.2 111 0.73 0.57 0.16
Croatia 83 215 56 211 049 0.67 -0.18
Cuba 6 1.13 38 093 0.69 063 0.06
Cyprus 9.5 226 7 27 045 0.74 -0.29
Czechia 94 228 4.5 1.62 050 0.48 0.02
Denmark 10.1 2.39 44 1.77 045 043 0.02
Ecuador 7.5 15 53 1.26 0.75 0.71 0.04
Egypt 6.3 1.03 5 1.04 0.78 0.79 -0.01
Estonia 1.2 2.35 54 212 0.57 048 0.09
Finland 84 1.82 3 1.2 039 0.36 0.03
France 1.1 2.69 49 1.89 0.41 044 -0.03
Germany 9.8 2.26 44 1.79 023 045 -0.22
Iceland 79 2.09 3.1 1.56 0.34 0.39 -0.05
Ireland 9.6 2.36 3.6 143 0.33 037 -0.04
Italy 9.2 1.91 44 1.52 0.28 048 -0.20
Jamaica 5.1 0.96 39 0.79 0.70 0.76 -0.06
Japan 6.8 1.24 3.1 1.03 035 045 -0.10
Kuwait 6.6 1.62 39 1.23 0.63 0.59 0.04
Latvia 9.1 1.89 55 16 0.64 0.60 0.04
Lithuania 1.7 2.74 53 1.58 0.66 045 0.21
Luxembourg 9.2 3.37 4 192 045 043 0.02
Malaysia 7 0.82 49 0.71 0.80 0.70 0.10
Malta 55 1.34 23 0.98 041 042 -0.01
Mauritius 73 1.62 4.1 093 0.62 0.56 0.06
Netherlands 9.5 2 43 1.85 037 045 -0.08
New Zealand 10.2 2.32 5.2 1.88 047 0.51 -0.04
Norway 104 227 39 15 0.40 037 0.03
Philippines 6.5 1.37 5 115 0.68 0.77 -0.09
Poland 84 1.81 5 1.75 0.60 0.59 0.01
Portugal 8.8 211 43 1.53 043 049 -0.06
Qatar 56 0.82 3.7 0.67 0.74 0.66 0.08
Russian Federation 79 144 4.2 1.02 0.62 0.53 0.09
Serbia 9.5 1.8 5.1 14 0.69 0.54 0.15
Singapore 9.9 1.92 39 1.23 042 0.39 0.03
Slovakia 10.7 24 59 1.67 0.56 0.55 0.01
Slovenia 8.9 2.69 55 241 048 0.62 -0.14

South Africa 4.6 1.16 36 1 0.86 0.78 0.08
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Table 4 (continued)
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Country Incidence Mortality ASR-based MIR

ASIR Cum.Risk ASMR Cum.Risk 2012 2020 SMIR
Spain 8.2 1.89 338 1.34 033 046 -0.13
Sweden 9 1.89 3.6 137 0.35 040 -0.05
Switzerland 9.2 214 3.7 147 0.31 040 -0.09
Thailand 6.1 1.01 39 0.79 061 0.64 -0.03
Trinidad and Tobago 6.2 0.99 39 093 0.75 0.63 0.12
Ukraine 76 1.21 4.2 0.78 0.60 055 0.05
United Kingdom 106 2.61 3.7 1.51 0.44 0.35 0.09
United States of America 134 3.15 4.1 1.6 0.56 0.30 0.26
Uruguay 7.8 1.88 44 1.61 0.74 0.56 0.18

ASIR age-standardized incidence rate, Cum cumulative, ASMR age-standardized mortality rate, MIR mortality-to-incidence ratio

We found that the incidence and mortality related to
leukemia were heterogeneous from country to country.
Specifically, Belgium and United States of America had
the highest ASIR, whereas Cyprus had the highest ASMR
in 2020. The differences in leukemia burden across coun-
tries and the shifting patterns over time not only reflect
the success of past prevention methods, but also suggest
the implementation of new and customized prevention
approaches. Similarly, previous studies have exhibited
higher, although decreasing, incidence rates of leukemia
in countries of America and Europe [26]. The downward
trend in leukemia incidence in some areas may have been
at least partly driven by reducing the exposure to envi-
ronmental risk factors, abstaining from high-risk paren-
tal behaviours, increasing the intake of folate and vitamin
supplementation, and expanding the genetic screening
for high-risk germline mutations. On the other hand,
continuous improvement of healthcare facilities and the
quality of cancer surveillance could have influenced the
increasing pattern of incidence in most countries [1, 26,
27]. Further, as the burden of the majority of leukemia
types increases with age, the higher life expectancy and
aging population in the developed countries might par-
tially explain greater incidence rates [28]. Older individu-
als experience a more unfavourable outlook in terms of
their health condition, as they carry a greater burden of
illness and struggle to endure the toxic effects of chemo-
therapy [29]. Smoking has been identified as a primary
risk factor for certain leukemia types. The higher smok-
ing prevalence in Europe and parts of America can also
partially explain higher incidence rates in these countries
[30]. In a number of researches, it has been highlighted
that myeloid cells can suffer damage from smoking-
related carcinogens such as benzene, 1-3 butadiene and
formaldehyde [31-33]. Not only active smoking, but
paternal smoking is also linked with certain childhood

leukemia types [34]. Overall, examining the exposures
thoroughly in different nations could unveil further evi-
dence regarding the factors contributing to leukemia.

Our study has also identified that male population had
a greater incidence and mortality of leukemia than those
of females worldwide in terms of both absolute counts
and rates per 100,000 persons. This finding is in concord-
ance with a prior work at the global level [4], as well as
in individual countries such as the United States [35, 36].
The higher burden among males of a few leukemia types
might be attributed to the greater prevalence of risk fac-
tors such as smoking and occupational carcinogens [37,
38]. A study has suggested some protective effects of
estrogen in females [39] and male—female differences
might be smaller during childhood as estrogen/androgen
levels are low during childhood [40]. Although a number
of factors such as genetic polymorphisms, epigenetics,
hormones, senescence, immunity, and angiogenesis may
be part of the explanation of the gender differences, the
causes of difference between males and females in the
burden of disease are not yet established [14, 41].

We further found that CHE per capita and CHE/GDP
were negatively correlated with MIR, indicating that
the countries incurring higher expenditures, on aver-
age, have better disease outcomes (reflected by low
MIR) than countries with lower health expenditures.
It supports that cancer treatment is still costly and
resource-intensive, requiring both availability of health
infrastructure and affordability of cancer treatment. In
low-resource countries, health infrastructure is scarce;
due to the lack of universal health coverage or health
insurance, people cannot afford the costly cancer treat-
ments even if cancer infrastructure is put into place [42].
Studies conducted in low- and middle-income countries
(LMICs) such as China [43, 44] and Bangladesh [45],
found that the treatment cost of acute lymphoblastic
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Fig. 3 The correlations of the age-standardized rate (ASR)-based mortality-to-incidence ratio (MIR), the human development index, the current
health expenditure per capita, and current health expenditure as a percentage of gross domestic product with leukemia in both genders (A to C),
females (D to F), and males (G to ) in 2020, across all selected countries
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leukemia is lower than in high-income countries (HICs)
[46]; but still higher in relation to per capita income in
these countries. Because of costly treatments, therapy
abandonment of childhood cancers, including leukemia,
is a well-known hindrance, while improving disease
outcomes in LMICs [47, 48]. In terms of childhood leu-
kemia, such as acute lymphoblastic leukemia (ALL), the
event-free survival rate has reached as high as 90% in
HICs, whereas in low and middle-income countries, the
survival rates are still dismal due to therapy abandon-
ment, delay in diagnosis, lack of supportive care, and
treatment failure [49, 50]. In the case of acute leukemia,
perhaps 12-13% of patients was likely to abandon the
treatment, most may due to high out-of-pocket expen-
ditures, transportation costs, and economic hardship
resulting from the treatments [51]. The dismal disease
outcomes, reflected by high MIR, in countries with low
CHE per capita and CHE/GDP is also apparent from
scarce cancer care infrastructure in these countries.
Leukemia diagnosis and classification require multi-
ple testing relating to blood testing, chromosome test
(cytogenetics, Fluorescence In Situ Hybridization or
polymerase chain reaction), bone marrow aspiration
and biopsy, flow cytometry, and immunohistochemical
(IHC) analysis [11, 52]. However, several cases of leu-
kemia are either misdiagnosed, underdiagnosed, or due
to inadequate histopathological confirmation of spe-
cific malignancies, and appropriate treatments are not
offered to some patients in low-resource countries.
Imatinib, a tyrosine Kinase inhibitor, has tremendously
boosted the survival rates of certain leukemia types for
patients treated with Imatinib [53-55]. BCR-ABL testing,
used to diagnose the Philadelphia chromosome, might
be limited or not cost-effective in certain low-resource
countries. Imatinib is provided free of cost through
the Glivec International Patient Assistance Program
(GIPAP) [56]. However, if leukemia is misdiagnosed or
diagnosed as another leukemia type, proper treatment
might not be offered, even if it is available free of cost.
Moreover, flow cytometry, blood film examination, or
bone marrow evaluation are typically available at tertiary
centers. Thus, referrals from primary or secondary cent-
ers to tertiary centers might result in delays in diagnosis
and treatment, ultimately leading to a poorer prognosis.
By 2040, in the global context, the burden of leu-
kemia is projected to increase from 474,519 to
647,333 cases, with the most significant growth
(73.2%) anticipated in Africa. These projections are
based on the assumption that the 2020 incidence rate
will persist in 2040, implying that risk factors will remain
unchanged. However, we contend that if diagnoses are
improved, along with enhancements in cancer registra-
tion throughout Africa, the actual number in 2040 could
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exceed the prediction by Sung et al. in 2021 [2]. Con-
sequently, prioritizing capacity building in terms of
healthcare infrastructure (including hospitals, diag-
nostic equipment, and personnel) and cancer registries
becomes imperative for policymakers in the region.

As described earlier, since the calculation of MIR is
based on the ratio of the CR of mortality to the CR of
incidence [57], the potential effect of varied age groups
across countries was not accounted for. Hence, we
employed an ASR-based MIR, as well as ASR-based
OMIR to examine gender differences in leukemia. In the
current article, it was found that there were differences
in relationship between CR-based MIR and the HDI, the
CHE per capita, and the CHE/GDP in females and males
as with the CR-based SMIR. These findings provide evi-
dence for the impact of heterogeneous age and gender
groups as confounding factors across countries in rela-
tion to leukemia.

Possible limitations of our study should be pointed
out. The primary constraint in this literature pertains to
the scarcity of high-quality data from cancer registries
in several LMICs, which hindered our ability to analyze
all 185 countries. The GLOBOCAN estimates heavily
depend on data from cancer registries; however, in some
LMICs, the absence of cancer registries and inadequate
cancer infrastructure (e.g., diagnostic facilities, medical
professionals, and nursing staff) may have led to under-
reporting of cases or deaths. Consequently, the GLO-
BOCAN estimates for incidence and mortality could be
underestimated in these regions. For example, countries
like Burundi face challenges of underfunded cancer regis-
tries and a lack of dedicated personnel, underscoring the
critical need for adequate funding to ensure comprehen-
sive and accurate cancer data collection in such nations.
Secondly, GLOBOCAN does not provide leukemia data
disaggregated by etiology, such as chronic vs. acute and
lymphoid vs. myeloid. A disaggregated analysis of the
main leukemia types would have offered a much more
comprehensive examination of the global burden of
leukemia and could assist countries in formulating tar-
geted policies. Thirdly, this is an observational study,
and no causal statements can be derived from the results
of our study. Nonetheless, they can serve as a basis for
generating hypotheses in the future. Lastly, because of
the cross-sectional nature of the database available from
GLOBOCAN, assessing the trends in leukemia burden
was not feasible.

Conclusions

In summary, our findings clearly delineated gender vari-
ation in ASR-based MIR and ASR-based dMIR across
56 countries. However, these variations can be partially
attributed to social, behavioral, and biological factors. It
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is vital to comprehend these variances as a crucial pre-
requisite for the timely identification and implementa-
tion of pre-emptive measures to avert leukemia. It is also
interesting to note that we observed high incidence rates
in developed regions and countries, whereas the MIR was
the lowest in developed countries, implying better leuke-
mia survival rates. Leukemia diagnosis based on immu-
nophenotype has critical implications for treatment and
prognostics. However, in countries such as Burundi and
the majority of SSA countries, neither flow cytometry nor
IHC is available. Importantly, flow cytometry is widely
used for immunophenotyping, which is essential for the
accurate diagnosis and risk-directed therapy of patients
with leukemia. Furthermore, IHC plays a significant role
in lineage specification in leukemia. Therefore, failing to
use IHC may lead to poor leukemia outcomes in such
countries. Since the diagnosis and treatment of leukemia
can be expensive, CHE and CHE/GDP exhibit a negative
relationship with MIR. This suggests that countries with
higher health expenditures tend to achieve better disease
outcomes compared to low-resource countries. Thereby,
improving disease outcomes for conditions like leuke-
mia, as well as addressing other cancer-related demands,
necessitates increased public health spending on cancer
infrastructure. Given potential resource constraints in
certain countries, it is imperative that additional donor
funding be allocated towards enhancing diagnostic facili-
ties, implementing multi-modal treatments, and estab-
lishing robust data collection systems in LMICs.
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