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Abstract

Background: Outcomes of chronic myeloid leukemia (CML) has been improved dramatically in the past two dec-
ades, but survival levels of CML patients varied in regions. Comprehensive epidemiological research is necessary to
evaluate the global burden of CML.

Methods: All data used in our study came from the Global Burden of Disease (GBD) study 2017. Incidence cases,
death cases, disability-adjusted life-years (DALYs), and its corresponding age-standardized rate between 1990 to
2017 were used to describe the distribution of CML burden, according to age, sex, social-demographic index (SDI),
and countries. Data about attributable risk factors contributing to CML deaths and DALYs were also extracted and
analyzed.

Results: Globally, the disease burden of CML gradually decreased from 1990 to 2017. Higher SDI countries achieved a
remarkable effect on diminishing the CML burden. Conversely, due to population growth, the incidence cases, death
cases, and DALYs of CML in lower SDI quintiles showed an upward trend. India had the most incidence cases and
death cases of CML in the world. Additionally, smoking was the most significant attributable risk factor contributing to
CML deaths and DALYs, followed by high body mass index.

Conclusion: The disease burden of CML decreased globally, especially in higher SDI countries in the past 28 years.
The increasing incidence cases and death cases were mainly observed in lower SDI countries. Additionally, strategies
to control modifiable risk factors such as smoking and high body mass index might be useful in diminishing mortality

and DALYs.
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Background

Chronic myeloid leukemia (CML) is a clonal hematopoi-
etic stem cell disorder with characteristic Philadelphia
chromosome, which leads to an excessive burden of mye-
loid cells in patients [1]. CML is an age-related neoplasm
that commonly happened in older people. The median
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age at diagnosis was estimated to be 60 years in western
countries, but the age at diagnosis in Africa and Asia was
about ten years younger [2, 3]. CML is the first cancer
with specific genotype knowledge, which led to a ration-
ally therapeutic schedule [4]. Imatinib, a tyrosine kinase
inhibitor (TKI), was approved by the FDA to treat CML
in 2001 and revolutionized the treatment pattern of this
disease [5, 6]. Indeed, thanks to TKI-based treatment,
CMLs status switched from a lethal disease to a chronic
disease, especially for patients in the chronic phase [7,
8]. The apparent improvement in the survival of CML
patients mainly occurred in high-income countries like
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the United States, France, and Japan [9-11]. The disease
burden of CML distinctly varies in different countries
due to diverse opportunities for early-stage screening,
novel drugs and medical resources [12, 13]. The world-
wide disease burden of CML is worth evaluating, which
can help us better understand the specific impact of this
disease on public health.

The Global Burden of Disease (GBD) study 2017 con-
tains epidemiologic data about 354 diseases across 195
countries and territories, providing an opportunity to
understand the worldwide trends in the disease burden
of CML [13]. Accordingly, we described the incidence,
deaths, disability-adjusted life-years (DALYs), and its
attributable risk factors of CML by age, sex, geographical
regions, social-development index (SDI) on specific CML
data from the (GBD) study 2017.

Materials and methods

Data source

We derived data from the public database GBD study
2017. Previous studies had carefully described the
guidelines and methodology of the GBD study [14, 15].
Besides, the GBD study estimates the levels and trends
of 84 attributable risk factors associated with disease
burden based on the comparative risk assessment frame-
work [16]. We extracted data from Global Health Data
Exchange query tool (https://ghdx.healthdata.org/gbd-
re-sults-tool). Data regarding annual CML incidence,
deaths, DALYs, and attributable risk factors related to
CML burden, and information about age, regions, sex,
and countries were collected. GBD study 2017 divided
the world into five social-demographic index (SDI) quin-
tiles (high, high-middle, middle, low-middle, low) and 21
geographical regions (Tables 1, 2 and 3).

Statistical analysis

We used annual incidence cases, death cases, DALYs,
and its corresponding age-standardized rate (ASR) to
describe the CML burden. Age-standardized incidence
rate (ASIR), age-standardized death rate (ASDR), and
age-standardized DALYs rate could ensure compara-
bility among populations with different age structures
and population sizes. Estimated annual percentage
changes (EAPCs) were calculated based on ASR and
employed to quantify the trend of ASR. Computa-
tional formulas of EAPCs were y=a+px+¢e and
EAPCs=100x (exp(5)— 1), where 3 «x referred to
In(ASR) and calendar year, respectively. ASR showed an
upward trend if EAPCs and its 95% confidence interval
(CI) were positive. Inversely, ASR showed a downward
trend if EAPCs and its 95% CI were negative. Besides,
we used Pearson’s correlation coefficient to explore fur-
ther the relationship between ASR and SDI. All statistical
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analyses and figures were performed using R software
(version 3.6.3).

Results

Incidence burden of CML

Globally, incidence cases of CML increased slightly from
31,752 in 1990 to 34,179 in 2017, but the ASIR decreased
significantly from 0.75/100,000 persons in 1990 to
0.43/100,000 persons in 2017. At the SDI quintiles level,
incidence cases were decreasing in the high SDI quin-
tiles, but increasing in the other four SDI quintiles from
1990 to 2017. Additionally, in 1990, high SDI quintiles
had the highest ASIR at 1.34/100,000 persons. Alarm-
ingly, in 2017, low SDI quintiles had the highest ASIR at
0.65/100,000 persons, which was higher than the ASIR in
high SDI quintiles at 0.53/100,000 persons. The ASIR of
the five SDI quintiles remained a downward trend, and
high SDI quintiles had the most considerable decline
with EAPCs at —4 (95% CI —4.23 to —3.27). In terms
of geographical regions, Western Europe with incidence
cases at 6,162 in 2017 and South Asia with incidence
cases at 8,044 in 2107 stayed the top two most incidence
cases in the world. From 1990 to 2017, the ASIR showed
a decreasing trend in most geographical regions except in
Central Sub-Saharan Africa and Andean Latin America
(Table 1). Regarding observation of countries and terri-
tories, in 2017, India, China, and the United States had
the most incidence cases at 6403.4, 2999.5, and 1793.7,
respectively (Fig. 1la, Additional file 1: Table S1). Ethio-
pia had the highest ASIR at 1.98/100,000 persons in 2017
(Fig. 2a, Additional file 1: Table S2). Jamaica and Ger-
many had the most increase and decline in ASIR, respec-
tively (Additional file 1: Table S3, Figure Sla).

Deaths and DALYs burden of CML

The death cases stayed stable globally, with 24,198 cases
in 2017, and DALYs decreased slightly to 654,980 years
in 2017. From 1990 to 2107, the ASDR and age-stand-
ardized DALYs rate of CML decreased significantly. At
the SDI quintiles level, death cases and DALYs were
decreasing in the high SDI and high-middle SDI quin-
tiles, but increasing in the other three SDI quintiles
from 1990 to 2017. Additionally, high SDI quintiles
had the highest ASDR and age-standardized DALYs
rate in 1990, but in 2017, the low SDI quintiles had
the highest values. The high SDI quintiles had a con-
siderable decrease in ASDR with EAPCs at —4.58 and
age-standardized DALYs rate with EAPCs at —5.34.
In terms of geographical regions, Western Europe and
South Asia were the top two regions with most death
cases and DALYs in 2017. The ASDR and age-standard-
ized DALYs rate showed a decreasing trend in all geo-
graphical regions except in Central Sub-Saharan Africa
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Table 1 The incidence cases and ASIR of CML in 1990 and 2017, and its temporal trends from 1990 to 2017

Incident cases no. *10% (95% UI)

1990

2017

Change
in absolute
number (%)

ASIR per 100,000 No. (95% UlI)

1990

2017

1990-2017 EAPCs No.
(95% CI)

Overall
Sex
Male
Female

317.52 (295.9-340.66)

165.57 (153.46-177.23)
151.96 (135.82-171.91) 150.33 (130.96-170.43)

Socio-demographic index

High SDI

High-middle SDI

Middle SDI

Low-middle SDI

Low SDI

Region

Andean Latin

America

Australasia
Caribbean
Central Asia
Central Europe

Central Latin
America

Central Sub-Saharan

Africa
East Asia
Eastern Europe

Eastern Sub-Saharan

Africa

High-income Asia

Pacific

High-income North

America

North Africa and
Middle East

Oceania
South Asia
Southeast Asia

Southern Latin
America

Southern Sub-Saha-

ran Africa

Tropical Latin
America

Western Europe

Western Sub-Saha-

ran Africa

16342 (157.15-169.51)

(

49.58 (43.76-55.26)

3831 (34.17-44.49)
32.8(28.42-41.59)
32.8(25.9-41.69)

0.87(0.73-1)

3.87 (3.36-4.44)
264 (241-291)
2.52(2.16-2.88)
1(10.48-11.77)
698(669 74)

149 (0.99-1.92)

22.64(17.43-28.02)
18.01 (15.98-20.72)
11.1 (8.15-15.09)

17.08 (15.68-18.57)
34.1(32.98-35.37)
11.85 (8.69-14.29)

0.33 (0.25-0.44)
44.97 (38.05-55.49)
1241 (10.18-17.69)

3.77 (3.47-4.09)

0.33(0.25-042)

7.2 (6.88-7.55)

99.5 (94.04-104.66)

4.74 (3.75-5.92)

341.79 (315.16-367.14)

191.45 (173.2-208.22)

7.64

15.64
—-1.07

1064 (100.95-112.18) —34.89

(
57.35(52.42-62.39)
67.71 (58.04-72.69)
56.67 (49.19-65.98)
52.85 (44.44-59.95)

2.08(1.69-2.39)

3.58(2.95-4.32
3.07(2.73-348
2.74(241-3.07
6.82 (6.42-7.27
11.96 (11.22-12.85)

)
)
)
)

361 (2.64-4.51)

32.71(27.97-37.64)
18.51(16.46-20.67)
16.39 (12.56-19.89)

12.81(11.33-14.46)
20.55 (19.44-21.81)
18.32(15.18-21.5)

0.55(0.41-0.78)

80.44 (69.27-91.61)

25.17 (19.85-294)
3(2.69-3.35)

0.48 (0.36-0.6)
7.65 (7.26-8.15)

61.62 (56.85-66.77)
9.72 (7.87-12.33)

15.69
76.73
72.79
61.14

138.66

—743
16.28
8.73
—3862
7135

14215

44.49
277
476

—2503

—39.75

54.62

67.15
78.87
102.88
—2044

46.63

6.36

—38.07
105.04

0.75(0.71-0.8)

0.86 (0.8-0.92)
0.67 (0.61-0.75)
1.34 (1.29-1.38)
0.49 (0.43-0.54)
0.33(0.3-0.39)
048 (0.42-061)
0.81(0.67-1.01)

0.34(0.28-0.38)

1.64 (1.43-1.87

0.93 (0.85-1.02

045 (0.39-0.51

0.77 (0.73-0.82
(

0.66 (0.64-0.7)

)
)
)
)

0.51(0.35-0.64)

0.19(0.16-0.24)
0.66 (0.59-0.75)
1.11 (0.86-1.49)

0.87 (0.79-0.94)
1.02 (0.98-1.06)
0.57 (0.42-0.69)

0.78 (0.6-1)

06
0.64 (0.55-0.79)
039(033 0.57)
8(0.73-0.87)

0.1(0.07-0.12)
0.65 (0.62-0.68)

1.78 (1.69-1.87)
043 (0.34-0.54)

043 (0.4-0.46)

0.52 (0.47-0.57)
0.36 (0.31-041)

0.53 (0.51-0.56)
0.33(0.3-0.36)
.3(0.26-0.32)
043 (0.37-0.5)
0.65 (0.55-0.74)

0.36 (0.29-0.42)

0.83 (0.68-1)

61 (0.54-0.69)
0.32(0.28-0.36)
0.37(0.35-04)
049 (0.46-0.53)
0.57 (0.42-0.72)

0.17(0.15-0.19)
0.61 (0.54-0.69)
0.81(0.63-0.98)

0.39 (0.34-0.44)
0.4 (0.37-043)
0.38(0.32-0.44)

0.59 (0.45-0.79)
0.56 (0.48-0.63)

4(0.31-046)
0.38(0.34-0.43)
0.08 (0.06-0.09)
0.33(0.31-0.35)

0.69 (0.64-0.75)
042 (0.33-0.52)

-24(—=2.53t0—226)

—217(=229to —2.05)
—2.7(—285t0 —2.55)

—4(—423t0—3.78)
—177(—=195t0 —1.6)
—0.56 (—0.66 to —045)
—048 (—0.6to—0.36)
—093 (=097 to —0.88)

0.46 (0.32-0.6)

—3.35(—3.66t0 —3.03)

—17(—184t0—1.57)
—134(=157t0o—1.11)
—287(—3.14t0 —26)
—147(=171t0—1.23)

0.58 (047 to 0.69)

—099(—1.21t0—0.76)
—0.55(—0.86 to —0.25)
—141(=151t0—131)

—32(=337t0—-3.02)

—4.28 (—4.66t0 —3.9)

—159(—1.67t0—152)

—1.06 (—1.09t0 —1.03)
—0.58(—0.68 to —048)
0.05 (—0.081t00.17)
—329(=3.711t0—2.88)

—0.77 (—137t0 —0.16)

—293(—334t0—253)

—4.12(—4.34t0 —3.89)
—0.13(=0.16t0 —0.11)

ASIR age-standardized incidence rate, Cl confidence interval, EAPCs estimated annual percentage changes, Ul uncertainty interval

(Tables 2, 3). Regarding observation of countries and
territories, in 2017, India had the most death cases and
DALYs (Fig. 1b, ¢, Additional file 1: Table S1). Ethiopia
had the highest ASDR at 1.89/100,000 persons, and

Figure S1b and c).

age-standardized DALYs at 54.13/100,000 persons in
2017 (Fig. 2b, ¢, Additional file 1: Table S2). Jamaica and
Japan had the most increase and decline in ASIR and
age-standardized DALYs (Additional file 1: Table S3,
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Death cases no. *102 (95% Ul)

1990

2017

Change
in absolute
number (%)

ASDR per 100,000 No. (95%

ul)

1990

2017

1990-2017 EAPCs No.
(95% CI)

Overall
Sex
Male

Female

High SDI
High-middle SDI
Middle SDI
Low-middle SDI
Low SDI

Region

Andean Latin
America

Australasia
Caribbean
Central Asia
Central Europe

Central Latin
America

Central Sub-Saharan
Africa

East Asia
Eastern Europe

Eastern Sub-Saharan
Africa

High-income Asia
Pacific

High-income North
America

North Africa and
Middle East

Oceania
South Asia
Southeast Asia

Southern Latin
America

Southern Sub-Saha-
ran Africa

Tropical Latin
America

Western Europe

Western Sub-Saha-
ran Africa

(
39.35(35.19-4345
30.18 (27.14-35.29
2762 (24.17-34.96
28.54 (23.03-35.73

0.7 (0.59-0.81)

2.86 (2.74-3)
2.23(2.05-2.44)
2.01(1.72-2.29)
9.76 (9.26-10.31)
5.57(5.36-5.82)

1.28(0.87-1.62)

14.93 (11.9-18.59)
14.8 (13.44-16.76)
9.74 (7.34-13.08)

10.33 (9.96-10.73)
28.39 (27.68-29.2)
9.66 (7.03-11.7)

0.26 (0.2-0.34)
38.65 (32.95-47.99)
9.92 (8.24-14.64)

3.21(2.96-3.47)

0.27 (0.2-0.33)
5.8 (5.58-6.04)

67.54 (64.82-70.15)
405 (3.17-5.07)

241.98 (226.32-261.08) 240.54 (222.33-260.72)

12544 (116.35-134.96) 129.15 (116.44-140.91)
116.54 (104.35-134.27) 11
Socio-demographic index

115.87 (112.65-119.04)

70.66 (67.96-73.85)
33.92(31.8-37.07)
45.79 (39.63-49.07)
2(39.06-52.46)
44.67 (37.71-50.65)

146 (1.19-1.64)

2.13(1.89-2.43)
245(2.21-273)
1.98 (1.75-2.2)

6.42 (6.06-6.83)
8.55 (8.06-9.03)

3.02(2.21-3.75)

11.79(9.94-13.91)
12.37 (11.71-13.09)
13.98 (10.71-16.95)

6.01 (5.64-6.4)
15.6 (14.97-16.43)
12.32(10.13-14.35)

41(0.31-0.56)
66.6 (57.12-76.5)
16.51 (13.01-19.91)
2.29(2.05-2.52)

0.37 (0.28-0.46)
5.97 (5.73-6.29)

4245 (40.25-44.87)
7.87 (6.28-9.9)

1.39(96.83-127.32)

—0.59

296
—442

—39.02
—13.79
51.72
63.38
56.53

107.23

—2551
9.81
—178
—34.21
5344

135.58

—21.05
—16.39
4343

—41.8

—45.05

27.53

56.59
72.32
66.46
— 2884

4037

2.84

—37.16
94.46

0.59 (0.56-0.63)

0.69 (0.65-0.74)
0.53 (0.48-0.6)

0.92 (0.9-0.95)

4 (0.36-0.44)
0.29(0.26-0.33)
0.44 (0.39-0.56)
0.77 (0.64-0.95)

0.29 (0.25-0.33)

21 (1.15-1.26)

81 (0.75-0.89)
0.37(0.32-043)
0.67 (0.63-0.7)
0.57 (0.55-0.6)

049 (0.34-061)

0.14(0.11-0.17)
0.53 (0.48-0.6)
1.06 (0.83-1.41)

0.52 (0.5-0.54)
0.81(0.79-0.83)
0.51(0.37-0.62)

066(052 0.84)

.6 (0.51-0.76)
034(029 0.5)
0.69 (0.63-0.74)

0.08 (0.06-0.1)
0.56 (0.54-0.59)

1.17(1.13-1.21)
04(0.31-0.5)

0.31(0.28-0.33)

0.36 (0.33-0.39)
0.26 (0.23-0.3)

T(OS 0.32)
.2(0.18-0.21)
W(O18 0.23)
037(032 043)
6 (

0.5-0.68)

0.26 (0.21-0.29)

044 (0.39-0.5)

0.48 (0.44-0.54)
0.25(0.22-0.27)
0.31(0.29-0.33)
0.36 (0.34-0.38)

0.54 (0.39-0.67)

0.06 (0.05-0.07)
0.38 (0.36-0.4)
0.77 (0.59-0.94)

0.14(0.13-0.15)
0.26 (0.25-0.27)
0.28 (0.23-0.32)

047 (0.37-0.62)
0.49 (043-0.57)
0.28 (0.22-0.33)
0.28 (0.25-0.31)

0.06 (0.05-0.08)
0.26 (0.25-0.28)

044 (0.41-0.46)
0.37(0.3-047)

—2.76 (—=2891t0 —2.63)

—2.66(—278t0 —2.53)
—29(—3.03t0—276)

(—4.8t0 —4.36)
(—327t0—28)
9(—139to —1.19)

—0.71(-082to —0.6)
03 (-

1.07 to —0.98)

—029(—042to —0.15)

(—4.88t0 —4.32)
(—221t0—1.87)

(—1.86t0 —147)
(—3.291t0 —2.86)
(—=222t0—183)

0.55 (0.45 t0 0.65)

—356(—381to—33)
—159(=195t0 —1.22)
—14(-15t0—-13)

—5.12(—=5311t0 —4.94)

—5.06 (—549t0 —4.62)

—226(—234t0—2.19)

—127(—133to0o—1.21)
—08(—09t0—0.71)
—0.74(—0.88to —0.61)
—3.87(—4.28t0 —3.46)

—087(—144t0—03)

—323(—359t0 —2.87)

—4.16 (—44to —3.92)
1(=0.23t0—0.19)

ASDR age-standardized death rate, Cl confidence interval, EAPCs estimated annual percentage changes, Ul uncertainty interval

Sex and age distribution of incidence, deaths and DALYs

Globally, the incidence and death cases of CML increased
slightly in males while decreased in females. The ASR in
males was higher than in females. At the SDI quintiles

level, for males, high SDI quintiles always had the highest

ASIR between 1990 to 2017; high SDI quintiles had the
highest ASDR and age-standardized DALYs rate in 1990,
but in 2017, low SDI quintiles had the highest values.
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Table 3 The DALYs and age-standardized DALYs Rate of CML in 1990 and 2017, and its temporal trends from 1990 to 2017

DALYs No. *103 (95% UI) Change Age-standardized DALY rate 1990-2017 EAPCs
in absolute per 100,000 no. (95% UI) No. (95% Cl)
number (%)

1990 2017 1990 2017

Overall 734.92 (666.26— 654.98 (594.73- —10.88 15.96 (14.6-17.44) 8.17 (7.42-8.88) —284(—29810

806.31) 712.95) —2.69)

Sex
Male 382.94 (349.15- 34724 (308.67- —9.32 17.48 (16.08-18.92) 9(8.01-9.9) —279(—293to
415.35) 383.12) —265)
Female 351,99 (299.2-414.08) 307.74 (258.51- —1257 14.78 (12.72-17.36)  7.48 (6.27-8.68) —289(—3.04t0
357.55) —275)
Socio-demographic index
High SDI 286.21 (278.31- 12591 (121.16- —56.01 24.23 (23.53-24.96) 6.81 (6.57-7.08) —534(—56t0
294.78) 131.32) —5.08)
High-middle SDI 129.2(112.36-144.95) 91.51(85-100.26) —29.17 1217 (1067-13.57)  5.26 (4.9-5.76) —3.58(—3.84to0
—332)
Middle SDI 110.8 (96.98-129.21) 137.8(120.1-148.24) 2437 8.68 (7.68-10.09) 6.03 (5.25-6.47) —16(=173t0
—1.48)
Low-middle SDI 100.72 (86-128.82)  146.73(127.78- 45.68 13.25(11.49-16.8) 10.33(895-1207) —1(—=1.14t0—0.87)
171.91)
Low SDI 10641 (82.75-137.73) 151.91 (126.85— 4276 23.14(1845-29.19) 16.71(14.03-1884) —135(—142to
172.16) —1.28)
Region
Andean Latin 2.58 (2.16-2.98) 449 (3.61-5.14) 73.96 9.01 (7.53-10.28) 7.68 (6.21-8.76) —045(—0.59to
America —032)
Australasia 6.8 (649-7.13) 402 (354-458)  —4085 29.19 (27.86-3062) 987 (864-112)  —484(—513t0
—4.54)
Caribbean 6.72 (6.12-7.52) 6.66 (5.9-7.62) —0.77 22.56 (20.54-25.15) 13.28 (11.77-15.18) —2.11(—2.28t0
—193)
Central Asia 7.39(6.31-847) 6.69 (5.93-7.44) —946 12.76 (10.93-14.6) 7.62 (6.77-8.45) —208(—232to
—1.84)
Central Europe 27.55(26.09-29.01) 13.52(128-1432) —5092 19.12 (18.14-20.16)  7.53(7.14-7.98) —376(—397t0
—3.55)
Central Latin 19.46 (18.71-20.35)  24.79 (23.35-2632) 2739 16.88 (16.22-17.64) 998 (9.41-1058) —234(—255t0
America —2.13)
Central Sub-Saha- 4.86 (3.14-6.32) 11.01 (7.99-13.7) 126.38 1447 (9.83-1841) 1497 (10.91-18.55) 0.26 (0.16 t0 0.36)
ran Africa
East Asia 62.56 (46.66-79.09)  36.19 (30.76-43.35) —42.15 5.02 (3.85-6.27) 1.9 (1.63-2.27) —437(—4.73t0
—4.02)
Eastern Europe 44,34 (40.1-50.69) 3248 (30.66-34.41) —26.74 16.35(14.87-18.62) 10.85(10.26-11.55) —2.04 (—247to
—1.61)
Eastern Sub-Saha- 3733 (26.7-51.97) 51.15(39.01-62.33)  37.04 3279 (244-4398) 21.72(16.64-2633) —182(—195t0
ran Africa —1.69)
High-income Asia 34.19(32.85-35.83) 11.61(10.84-12.33) —66.04 1716 (1647-18.02)  3.85(3.59-4.12) —594 (—6.17 to
Pacific —572)
High-income 73.89 (71.98-76.1) 31.36 (29.89-33.21) —57.56 22.53(21.93-23.2) 6.14 (5.82-6.5) —5.78(—6.24t0
North America —5.33)
North Africa and 33.74 (24.28-41.55)  39.69(32.3-47.11) 17.63 14.58 (10.63-17.84)  7.66 (6.27-9) —249 (=2.56t0
Middle East —241)
Oceania 1.06 (0.79-1.44) 1.65 (1.2-2.34) 55.08 23.03(17.52-30.17) 1636 (12.26-2241) —129(—1.36t0
—123)
South Asia 140.17 (116.31- 207.79 (18043~ 4824 1735(14.7-21.55)  13.25(1144-15.19) —1.08 (—1.19to

172.87) 239.39) —0.96)

Southeast Asia 36.28 (28.98-52.09) 52.2(4139-62.2) 43.89 10.3 (8.45-15) 7.87 (6.24-9.39) —1.02(=1.16t0
—0.87)
Southern Latin 9.22 (8.5-9.93) 5.36 (4.81-5.91) —41.85 19.28 (17.79-20.78) 7(6.27-7.73) —432(—4.73t0

America

—391)
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DALYs No. *103 (95% UI) Change Age-standardized DALY rate 1990-2017 EAPCs
in absolute per 100,000 no. (95% UI) No. (95% CI)
number (%)

1990 2017 1990 2017

Southern Sub- 0.98 (0.73-1.19) 1.26 (0.93-1.57) 29.18 2.63(1.96-3.24) 1.88 (1.39-2.3) —1.15(—=18to
Saharan Africa —049)

Tropical Latin 20.5(19.63-21.45) 1579 (15.04-16.59) —22.97 16.99 (1631-17.74)  6.64 (6.33-6.97) —392(—432to
America —352)

Western Europe 15045 (144.73- 6846 (648-72.73) —5449 2893 (27.85-3007) 884(839-938)  —497(—525t0

156.46) —4.69)

Western Sub- 1487 (11.7-18.64) 2879 (23.26-37.07) 937 12.23(9.58-1537) 1082 (863-13.73) —0.51(—055t0
Saharan Africa —047)

DALYs disability-adjusted life years, Cl confidence interval, EAPCs estimated annual percentage changes, Ul uncertainty interval

For females, high SDI quintiles had the highest ASIR
in 1990, but in 2017, low SDI quintiles had the highest
values; low SDI quintiles always had the highest ASDR
and age-standardized DALYs rate between 1990 to 2017
(Fig. 3). Additionally, the incidence, death, and DALY
rate increased with age (Additional file 1: Figure S2). The
higher the SDI, the lower proportion of the young cases
of incidence, deaths, and DALYs, but the higher propor-
tion of the elderly cases (Fig. 4, Additional file 1: Fig-
ures S3, 4). The proportion of elderly incidence and death
cases increased with years, and death cases were mainly
concentrated in the age group over 70 years (Additional
file 1: Figure S5).

The influential factors for EAPCs

We evaluated the correlation coefficient between the
EAPCs and ASR in 1990, and the SDI in 2017. We found
that ASIR (p=-0.610, p<0.01), ASDR (p=—0.471,
p<0.01) and age-standardized DALY rate (p=—0.403,
p<0.01) in 1990 was negatively correlated with its corre-
sponding EAPCs. Meanwhile, correlations between SDI
and EAPCs of incidence (p=-—0.509, p<0.01), deaths
(p=—0.620, p<0.01) and DALYs (p=-0.632, p<0.01)
were significant negative. These findings indicated the
ASR of countries with larger disease reservoir baseline in
1990 or higher SDI in 2017 might show a faster descend-
ing trend (Fig. 5).

CML burden attributable to risk factors

From 1990 and 2017, smoking, high body mass index,
and occupational exposure to benzene or formaldehyde
were the potential risk factors related to CML burden in
the GBD study, of which smoking was the most signifi-
cant contributor. At the SDI quintiles level, CML deaths
and DALYs attributed to smoking decreased quickly from
1990 to 2017 in high SDI quintiles and declined slightly in
the other four SDI quintiles. Besides, the higher the SDI,
the higher the ASR of CML deaths and DALYs attributed

to risk factors (Fig. 6, Additional file 1: Figure S6). Glob-
ally, the contribution ratio of smoking descended from
1990 to 2017, accounting for 19.8% of CML deaths and
15.8% of DALYs in 2017. Meanwhile, the contribution
ratio of high body mass index increased slightly and led
to 6.94% of deaths, and 6.52% of DALYs in 2107. The
percent of CML deaths and DALYs attributed to occu-
pational exposure to benzene or formaldehyde were less
than 1% (Additional file 1: Figures S7, 8).

Discussion

In this study, we assessed trends in the disease burden of
CML based on GBD study, providing valuable epidemio-
logic information for health promotion and disease pre-
vention. Though the ASIR, ASDR, and age-standardized
DALYs rate generally declined, the worldwide disease
burden of CML appeared to be stable due to population
growth in developing countries and population aging
in developed countries [17]. From 1990 to 2017, inci-
dence cases decreased by 34.9% in high SDI quintiles but
increased by over 60% in low SDI, low-middle SDI, and
middle SDI quintiles. Similarly, Andean Latin America,
Central Sub-Saharan Africa, South Asia, and Western
Sub-Saharan Africa with lower SDI noticed the fastest
growth in the incidence cases, death cases, and DALYs.
Besides, India had the most incidence cases, death cases,
and DALYs of CML in the globe, leading to the highest
disease burden, which primarily due to a vast population
base. Developed countries generally obtained remark-
able achievements in reducing the disease burden due
to CML [9, 18]. TKI-based therapy was the foremost
reason for the profound improvement of survival in
CML patients [7]. Currently, developing and low-income
countries gradually introduced novel drugs like imatinib
[19]. However, CML patients in these countries still had
difficulties accessing TKI-based therapy or may receive
delayed therapy, thanks to the limited availability of novel
drugs [20]. Additionally, the high cost of medication and
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Fig. 1 The global disease burden of CML in 195 countries or territories in 2017: a The incidence cases of 195 countries or territories in 2017;
b the deaths of 195 countries or territories in 2017; ¢ the DALYs of 195 countries or territories in 2017. CML, chronic myeloid leukemia; DALY,

disability-adjusted life years

monitoring was another challenge for patients in low-
income countries [21, 22]. Generic drug application and
international patient assistance programs can reduce the
economic burden of CML patients in countries with lim-
ited resources.

It is worth mentioning that treatment-free remis-
sion (TFR) is a new goal for many CML patients, as

TKI-based therapy requires lifelong treatment and sig-
nificantly aggravates economic burden [23, 24]. A pro-
spective trial in France first revealed some CML patients
with a stable deep molecular response could cease their
TKI therapy safely without relapsing, known as TFR
[25]. Since then, multiple clinical trials were conducted
to explore the criteria of cessation attempts and triggers



Ning et al. Exp Hematol Oncol (2020) 9:29

Page 8 of 14

Fig. 2 The age-standardized rates of CML in 195 countries or territories in 2017: a The ASIR of 195 countries or territories in 2017; b the ASDR of
195 countries or territories in 2017; ¢ the age-standardized DALYs rate of 195 countries or territories in 2017. CML, chronic myeloid leukemia; ASIR,
age-standardized incidence rate; ASDR, age-standardized death rate; DALYs, disability-adjusted life year

for resuming TKI therapy [26, 27]. In most studies, the
molecular recurrence rate of TKI cessation was about
50%. Meanwhile, at least three years of TKI therapy and
one-year deep molecular response were the criteria of
cessation attempts, and loss of major molecular response
met the triggers for resuming TKI therapy. The financial
burden of health agencies became more massive based
on lifelong TKI treatment with increasing cases of CML
patients around the world. Besides, lifelong therapy is
also associated with adverse events related to therapy,

resulting in lower life quality and a growing disease
burden of CML patients [28]. Women with childbear-
ing potential must use effective contraception during
TKI therapy and avoid breastfeeding due to evidence
of teratogenicity. TFR successfully achieved in some
CML patients can help to reduce disease burden. How-
ever, it should be emphasized that frequent monitoring
and planned follow-up were essential requirements for
discontinuing TKI therapy. Countries with inadequate
resources might face challenges in ensuring necessary
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monitoring and effective drugs; thus, improving sur-
vival rate rather than TFR was the primary goal of CML
patients in these countries [29]. Developed countries
could conduct more research to establish the TER crite-
rion, which can be a critical initiative in reducing CML’s
disease burden.

The epidemiologic trend of CML differed in age and
sex, which was significant for policymakers [30]. Aging,
related to a decrease of hematopoietic stem cell function,
was an essential factor associated with leukemogenesis
[31, 32]. Moreover, CML survival was age-related, and
age was an essential factor for treatment options [33,
34]. Thus, higher SDI quintiles with population aging
showed a more substantial proportion of older patients
over 70 years old. Males had a higher risk to CML than
females, and the male to female ratio fluctuated between
1.2 and 1.7 [35, 36]. In general, females had a better sur-
vival rate of CML than males, which was in line with
other malignant diseases [35, 37]. Better general longev-
ity and hormonal status of females and environmental
and genetic factors might impact the age distribution of
CML patients [38, 39]. However, in the low SDI quintiles,
females had a higher age-standardized rate of deaths

and DALYs than males in 2017. Previous studies also
found that women in low-income countries tended to
have higher mortality due to inadequate opportunities
for screening and early treatment [40, 41]. Besides, the
trend changes in smoking, obesity and physical inactivity
in these countries may also contribute to the increasing
disease burden of females. Prioritizing the reduction of
known disease risk factors in low-income countries may
be an effective intervention to reduce the health burden.
Given the scarcity of resources, the support and commit-
ment of the international community are also imperative.

Smoking was always the leading potential fac-
tor contributing to CML deaths and DALYs, based on
data in the GBD study, though its contribution ratio
decreased. Attributable deaths and DALYs due to smok-
ing descended most quickly in high SDI quintiles and
declined slightly in the other four SDI quintiles. These
findings emphasized the urgent need to strengthen
smoking control to reduce the CML burden. A previous
study revealed that smoking might be an adverse prog-
nostic factor, shortening survival time and contribut-
ing to CML’s progression [42]. The smoking prevalence
declined in most countries during the research, especially
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in high-income countries [43]. The ratio of former smok-
ers to current smokers in middle age was a reliable indi-
cator of smoking cessation; the ratio was about one in
developed countries, implying partial successful quitting
[44]. Worryingly, low-income and middle-income coun-
tries, with approximately 80% of all smokers living in,
had far fewer former smokers than current smokers [44].
Actually, the smoking population in many developing
countries has boomed as their affordability for cigarettes
since 1990. Reviews of comprehensive cessation pro-
grams highlight higher prices are particularly useful [45].
Besides, non-price interventions include warning labels,
media campaigns, and assistance with smoking cessation
could also increase quit rates [46]. High body mass index
was the second attributable risk factor after smoking; its
contribution ratio declined slightly in high SDI and high-
middle SDI quintiles but increased in the other three
SDI quintiles. Prospective studies also indicated a posi-
tive correlation between obesity and leukemia mortality
[47, 48]. In the past decade, the obesity epidemic has lev-
eled off in developed countries; by contrast, an increas-
ing trend was still evident in developing countries [49,
50]. The obesity burden seemed to shift to the poor [51].

Since the twenty-first century, urbanization was a criti-
cal driver in obesity increasing in developing countries;
production of cheap vegetable oils, allowing increasing
consumption of energy- and fat-rich diet at low income,
and sedentary lifestyles also forced the obesity epidemic
[50, 51]. Providing consultation and screening in the
health care system, and reducing the marketing of sugary
beverages and nonessential high-calorie foods could help
reduce attributable CML deaths.

A recent study also assessed the global burden of acute
myeloid leukemia (AML) based on the GBD study. The
significant difference in the global burden between
CML and AML was a downward trend in CML and an
upward trend in AML [52]. In 2017, high SDI quintiles
tended to have a lower incidence and death rate of CML
than low SDI quintiles, while AML was the opposite.
CMLs disease risk was similar to AML in terms of age
and sex distribution, which was increased by age and a
higher chance in males. As for attributable risks of CML
and AML, the trend was consistent, and smoking was the
leading attributable risk factor, followed by high body
mass index. TKI-based therapy has drastically changed
the landscape of CML survival, while novel effective
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therapies are incredibly urgent for AML patients [52].
Policymakers could pay more attention to reducing the
CML burden in lower SDI countries. Besides, estab-
lishing the TFR criterion could be a critical initiative in
reducing CML’s disease burden.

Some unavoidable limitations did exist in this study.
The data from the GBD study could fill the gap since
actual data of CML burden was unavailable. The accu-
racy of our study depended on the quality of data in the
GBD study. Additionally, differences in data acquiring
and data source quality in the GBD study could be inevi-
table. Minor fluctuation in age-standardized rates may be
associated with adjustments of disease screening strate-
gies instead of real changes. GBD study lacked data about
race, which can help better explain the distribution of
CML.

Conclusion

Globally, the disease burden of CML has been decreasing
from 1990 to 2017. Expressly, the incidence, deaths, and
DALYs rate declined sharply in high SDI and high-mid-
dle quintiles and a minor decline in the other three SDI
quintiles. Additionally, the incident cases, death cases,
and DALYs of CML showed an upward trend in mid-
dle SDI, low-middle SDI, and low SDI quintiles between

1990 to 2017 due to population growth. In recent years,
higher SDI countries achieved remarkable achievements
in diminishing CML burden. Lower SDI countries should
pay more attention to reducing the disease burden of
CML. Consequently, strategies about early detection of
CML, the introduction of novel drugs, and against attrib-
utable factors such as smoking and high body mass index
should be implemented to reduce CML burden, espe-
cially in lower SDI quintiles.
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socio-demographic index. DALYs, disability-adjusted life years. Figure S7.
The percent of CML deaths attributed to risk factors from 1990 to 2017 in
Global (a), High SDI (b), High-middle SDI (c), Middle SDI (d), Low-middle
SDI (e), Low SDI (f). CML, chronic myeloid leukemia; SDI, socio-demo-
graphic index. Figure S8 .The percent of CML DALYs attributed to risk
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Abbreviations

CML: Chronic myeloid leukemia; ASR: Age-standardized rate; ASIR: Age-stand-
ardized incidence rate; ASDR: Age-standardized death rate; EAPCs: Estimated
annual percentage change; DALYs: Disability-adjusted life-years; GBD: Global
burden of disease; SDI: Social-demographic index; Ul: Uncertainty interval;

Cl: Confidence interval; TKI: Tyrosine kinase inhibitor; TFR: Treatment-free
remission.

Acknowledgements
We highly appreciate the works by the Global Burden of Disease Study 2017
collaborators.

Authors’ contributions

LQON, CYH, and DJL designed the study; LQON, PFL, and TMQ collected data and
verified the accuracy of the data; LQON, CYH, and XJZ prepared manuscript;
LQON, CYH, DJL, and XJZ analyzed and interpreted data; all authors contrib-
uted to revise manuscript; LON and CYH equally contributed to this work. All
authors read and approved the final manuscript.

Funding

This work by the National Natural Science Foundation of China under Grant
[number 81770168] and National Natural Science Foundation of China under
Grant [number 82002893].

Availability of data and materials

The datasets generated during and/or analyzed during the current study are
available from the Global Health Data Exchange query tool (https://ghdx.healt
hdata.org/gbd-results-tool).

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Hematology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030, China.
2 Department of Stomatology, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430030, China.

Page 13 of 14

Received: 5 September 2020 Accepted: 28 October 2020
Published online: 03 November 2020

References

1. MughalTl, Radich JP, Deininger MW, et al. Chronic myeloid leukemia:
reminiscences and dreams. Haematologica. 2016;101:541-58.

2. Hehlmann R, Hochhaus A, Baccarani M. Chronic myeloid leukaemia. The
Lancet. 2007,;370:342-50.

3. Mendizabal AM, Younes N, Levine PH. Geographic and income variations
in age at diagnosis and incidence of chronic myeloid leukemia. Int J
Hematol. 2016;103:70-8.

4. Barnes DJ, Melo JV. Cytogenetic and molecular genetic aspects of chronic
myeloid leukaemia. Acta Haematol. 2002;108:180-202.

5. Stone RM. Optimizing treatment of chronic myeloid leukemia: a rational
approach. Oncologist. 2004;9:259-70.

6. Shanmuganathan N, Hiwase DK, Ross DM. Treatment of chronic myeloid
leukemia: assessing risk, monitoring response, and optimizing outcome.
Leuk Lymphoma. 2017;58:2799-810.

7. Bower H, Bjorkholm M, Dickman PW, et al. Life expectancy of patients
with chronic Myeloid Leukemia approaches the life expectancy of the
general population. J Clin Oncol. 2016;34:2851-7.

8. Hochhaus A, Baccarani M, Silver RT, et al. European LeukemiaNet 2020
recommendations for treating chronic myeloid leukemia. Leukemia.
2020;34:966-84.

9. Chihara D, Ito H, Matsuda T, et al. Decreasing trend in mortality of chronic
myelogenous leukemia patients after introduction of imatinib in Japan
and the U.S. Oncologist. 2012;17:1547-50.

10. Delord M, Foulon S, Cayuela JM, et al. The rising prevalence of chronic
myeloid leukemia in France. Leuk Res. 2018;69:94-9.

11. Sasaki K, Strom SS, O'Brien S, et al. Relative survival in patients with
chronic-phase chronic myeloid leukaemia in the tyrosine-kinase inhibitor
era: analysis of patient data from six prospective clinical trials. Lancet
Haematol. 2015;2:¢186-193.

12. Rodriguez-Abreu D, Bordoni A, Zucca E. Epidemiology of hematological
malignancies. Ann Oncol. 2007;18(Suppl 1):i3-8.

13. LinL YanL, LiuY, et al. Incidence and death in 29 cancer groups in 2017
and trend analysis from 1990 to 2017 from the Global Burden of Disease
Study. J Hematol Oncol. 2019;12:96.

14. GBD 2017 DALYs and HALE Collaborators Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and injuries
and healthy life expectancy (HALE) for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2018; 392: 1859-1922.

15. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2018;392: 1789-1858.

16. GBD 2017 Risk Factor Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks for 195 countries
and territories, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018; 392: 1923-1994.

17. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and national
cancer incidence, mortality, years of life lost, years lived with disability,
and disability-adjusted life-years for 32 cancer groups, 1990 to 2015: a
systematic analysis for the global burden of disease study. JAMA Oncol.
2017;3:524-48.

18. Thielen N, Visser O, Ossenkoppele G, Janssen J. Chronic myeloid leukemia
in the Netherlands: a population-based study on incidence, treat-
ment, and survival in 3585 patients from 1989 to 2012. Eur J Haematol.
2016;97:145-54.

19. Gomez-de-Ledn A, Gomez-Almaguer D, Ruiz-Delgado GJ, Ruiz-Arguelles
GJ. Insights into the management of chronic myeloid leukemia in
resource-poor settings: a Mexican perspective. Expert Rev Hematol.
2017;10:809-19.

20. Kurtovic-Kozaric A, Hasic A, Radich JP, et al. The reality of cancer treatment
in a developing country: the effects of delayed TKI treatment on survival,


https://ghdx.healthdata.org/gbd-results-tool
https://ghdx.healthdata.org/gbd-results-tool

Ning et al. Exp Hematol Oncol

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33

34.

35.

36.

37.

(2020) 9:29

cytogenetic and molecular responses in chronic myeloid leukaemia
patients. Br J Haematol. 2016;172:420-7.

Pasquini MC. Hematopoietic cell transplantation for chronic myeloid
leukemia in developing countries: perspectives from Latin America in the
post-tyrosine kinase inhibitor era. Hematology. 2012;17(Suppl 1):579-82.
Goémez-Almaguer D, Cantt-Rodriguez OG, Gutiérrez-Aguirre CH, Ruiz-
ArgUelles GJ. The treatment of CML at an environment with limited
resources. Hematology. 2016;21:576-82.

Cortes J, Rea D, Lipton JH. Treatment-free remission with first- and sec-

ond-generation tyrosine kinase inhibitors. Am J Hematol. 2019;94:346-57.

Ross DM, Hughes TP. Treatment-free remission in patients with chronic
myeloid leukaemia. Nat Rev Clin Oncol. 2020;11:493-503.

Mahon FX, Réa D, Guilhot J, et al. Discontinuation of imatinib in patients
with chronic myeloid leukaemia who have maintained complete
molecular remission for at least 2 years: the prospective, multicentre Stop
Imatinib (STIM) trial. Lancet Oncol. 2010;11:1029-35.

Campiotti L, Suter MB, Guasti L, et al. Imatinib discontinuation in chronic
myeloid leukaemia patients with undetectable BCR-ABL transcript level: a
systematic review and a meta-analysis. Eur J Cancer. 2017;77:48-56.
Saussele S, Richter J, Guilhot J, et al. Discontinuation of tyrosine kinase
inhibitor therapy in chronic myeloid leukaemia (EURO-SKI): a prespeci-
fied interim analysis of a prospective, multicentre, non-randomised, trial.
Lancet Oncol. 2018;19:747-57.

Flynn KE, Atallah E. Quality of life and long-term therapy in patients with
chronic Myeloid Leukemia. Curr Hematol Malig Rep. 2016;11:80-5.
Malhotra H, Radich J, Garcia-Gonzalez P. Meeting the needs of CML
patients in resource-poor countries. Hematology Am Soc Hematol Educ
Program. 2019;2019:433-42.

Lee SJ. Chronic myelogenous leukaemia. Br J Haematol.
2000;111:993-1009.

de Haan G, Lazare SS. Aging of hematopoietic stem cells. Blood.
2018;131:479-87.

Verovskaya EV, Dellorusso PV, Passegué E. Losing sense of self and sur-
roundings: hematopoietic stem cell aging and Leukemic transformation.
Trends Mol Med. 2019;25:494-515.

Kaiser A, Schmidt M, Huber O, et al. SIRT7: an influence factor in healthy
aging and the development of age-dependent myeloid stem-cell disor-
ders. Leukemia. 2020;34:2206-16.

Radich JP, Deininger M, Abboud CN, et al. Chronic Myeloid Leukemia, Ver-
sion 12019, NCCN clinical practice guidelines in oncology. J Natl Compr
Canc Netw. 2018;16:1108-35.

Berger U, Maywald O, Pfirrmann M, et al. Gender aspects in chronic
myeloid leukemia: long-term results from randomized studies. Leukemia.
2005;19:984-9.

Hoglund M, Sandin F, Simonsson B. Epidemiology of chronic myeloid
leukaemia: an update. Ann Hematol. 2015;94(Suppl 2):5241-247.

Micheli A, Mariotto A, Giorgi Rossi A, et al. The prognostic role of gender
in survival of adult cancer patients EUROCARE Working Group. Eur J
Cancer. 1998;34:2271-8.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Page 14 of 14

Shaw HM, Milton GW, Farago G, McCarthy WH. Endocrine influences on
survival from malignant melanoma. Cancer. 1978;42:669-77.

Waldron I. Sex differences in illness incidence, prognosis and mortality:
issues and evidence. Soc Sci Med. 1983;17:1107-23.

Torre LA, Islami F, Siegel RL, et al. Global Cancer in Women: Burden and
Trends. Cancer Epidemiol Biomarkers Prev. 2017,26:444-57.

Islami F, Torre LA, Drope JM, et al. Global cancer in women: cancer control
priorities. Cancer Epidemiol Biomarkers Prev. 2017;26:458-70.

Lauseker M, Hasford J, Saussele S, et al. Smokers with chronic myeloid
leukemia are at a higher risk of disease progression and premature death.
Cancer. 2017;123:2467-71.

Bilano V, Gilmour S, Moffiet T, et al. Global trends and projections for
tobacco use, 1990-2025: an analysis of smoking indicators from the
WHO comprehensive information systems for tobacco control. Lancet.
2015;385:966-76.

Jha P, Peto R. Global effects of smoking, of quitting, and of taxing tobacco.
N EnglJ Med. 2014;370:60-8.

Chaloupka FJ, Straif K, Leon ME. Effectiveness of tax and price policies in
tobacco control. Tob Control. 2011;20:235-8.

Levy DT, Meza R, Zhang Y, Holford TR. Gauging the Effect of U.S. Tobacco
control policies from 1965 through 2014 using SimSmoke. Am J Prev
Med. 2016;50:535-42.

Castillo JJ, Reagan JL, Ingham RR, et al. Obesity but not overweight
increases the incidence and mortality of leukemia in adults: a meta-
analysis of prospective cohort studies. Leuk Res. 2012;36:868-75.

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;348:1625-38.

Rokholm B, Baker JL, Serensen Tl. The levelling off of the obesity epidemic
since the year 1999-a review of evidence and perspectives. Obes Rev.
2010;11:835-46.

Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism.
2019;92:6-10.

Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic
of obesity in developing countries. Nutr Rev. 2012;70:3-21.

YiM, Li A, Zhou L, et al. The global burden and attributable risk factor
analysis of acute myeloid leukemia in 195 countries and territories from
1990 to 2017: estimates based on the global burden of disease study
2017.J Hematol Oncol. 2020;13:72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Trends in disease burden of chronic myeloid leukemia at the global, regional, and national levels: a population-based epidemiologic study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Data source
	Statistical analysis

	Results
	Incidence burden of CML
	Deaths and DALYs burden of CML
	Sex and age distribution of incidence, deaths and DALYs
	The influential factors for EAPCs
	CML burden attributable to risk factors

	Discussion
	Conclusion
	Acknowledgements
	References




