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Abstract
Purpose This study aims to examine the burden of breast cancer in 185 countries in 2018.
Methods The estimates of incidence, mortality, and prevalence of breast cancer were drawn from GLOBOCAN 2018. The 
overall burden of breast cancer was gauged using breast cancer burden index (BRCBI)—a novel index comprising age-
standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), mortality-to-incidence ratio (MIR), prevalence-
to-incidence ratio (PIR), and prevalence-to-mortality ratio (PMR). The socioeconomic status of countries was measured 
using human development index (HDI)
Results Globally, breast cancer was responsible for an estimated 626,679 deaths at age-standardized rate of 13/100,000; there 
were 2.1 million cases diagnosed in 2018 at age-standardized rate of 46.3/100,000. The ASIR varied 22-fold from 5/100,000 
(Bhutan) to 113.2/100,000 (Belgium). The ASMR varied 13-fold from 2.7/100,000 (Bhutan) to 36.9/100,000 (Fiji). The HDI 
exhibited a positive gradient with ASIR (r = 0.73), PIR (r = 0.98), and PMR (r = 0.85); with MIR, however, it exhibited a 
negative association (r = − 0.83). The BRCBI spanned from 0.70 in Somalia to 78.92 in South Korea and exhibited a posi-
tive association with HDI (r = 0.76). An additional 46,823 female lives in 2018 and a cumulative total of 333,304 lives could 
have been saved over 2013–2018, had countries performed as per their HDI.
Conclusions The substantial burden of breast cancer in developing and low-resource economies calls for a holistic approach 
to cancer management and control that includes oncologic infrastructure to provide cost-effective screening, diagnostic, 
therapeutic, and palliative services, greater breast cancer awareness, and mitigation of risk factors.

Keywords Breast cancer · Incidence · Mortality · Mortality-to-incidence ratio · Prevalence-to-mortality ratio · Breast 
cancer burden index · GLOBOCAN

Introduction

Breast cancer is the leading malignancy in females world-
wide, and its burden has grown in the last three decades, 
with higher incidence and survival rates in developed coun-
tries than the developing ones [1–3]. The improved treat-
ment modalities and early detection in developed countries 
have improved the mortality and survival rates; in devel-
oping countries, however, survival rates are lower due to 
late-disease presentation, lack of oncologic infrastructure, 
and lack of cost-effective treatment regimens [2]. Breast 

cancer is linked with a multitude of modifiable risk factors 
(e.g., alcohol, tobacco consumption, and obesity) that relate 
to lifestyle [4, 5] and non-modifiable risk factors such as 
inherited gene mutation (e.g., BRCA 1/2), age, and familial 
risks [6–8].

For informed policy formulation and decision-making 
against breast cancer in global, regional, and national 
context, it is pertinent to understand the epidemiology 
of breast cancer burden in a cross-country context. This 
study investigates breast cancer’s burden in 185 countries 
drawing upon estimates from GLOBOCAN 2018 [9, 10]. 
We studied the breast cancer burden in three dimensions. 
First, we examined the all-age, age-group-wise, and age-
standardized incidence, mortality, and 5-year prevalence 
and made a comparative analysis between countries as 
per their socioeconomic development measured by human 
development index (HDI) [11]. Second, we constructed a 
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novel index of breast cancer burden, namely breast can-
cer burden index (BRCBI), which is a composite of five 
epidemiological metrics: age-standardized incidence rate 
(ASIR), age-standardized mortality rate (ASMR), mortal-
ity-to-incidence ratio (MIR), prevalence-to-incidence ratio 
(PIR), and prevalence-to-mortality ratio (PMR). In the 
absence of actual survival data from low-resource econo-
mies, MIR has previously been demonstrated as a useful 
proxy of 5-year survival rate in a cross-country context 
[3, 12–14]. The new epidemiological constructs PIR and 
PMR, coupled with MIR, can gauge health system quality 
and oncologic care in different countries. Third, we identi-
fied few exemplar countries in each HDI groupings, which 
performed better than expected based on their HDI alone 
through observed-to-expected ratio (OER); based on OER, 
we quantified number of lives that could have been saved 
worldwide in 2018 and cumulatively in 2013–18.

Materials and methods

Estimates of breast cancer

We procured estimates of breast cancer burden in females for 
185 countries from GLOBOCAN 2018 [9, 10, 15]. The esti-
mates were available for three metrics: incidence, mortality, 
and prevalence (1-year, 3-year, and 5-year). GLOBOCAN 
produced age-standardized rates using World Population 
Reference standard. All-age and age-specific incidence and 
death counts are reported along with 95% uncertainty inter-
vals (UIs) and are displayed inside square brackets; these UIs 
reflect uncertainties associated with cancer registry coverage 
and death registration, data quality, and timeliness of data 
reporting [9, 10, 15].

BRCBI and its components

BRCBI is an index used to compare breast cancer burden 
across countries; it comprises ASIR, ASMR, MIR, PIR, and 
PMR. We constructed an index for each of these metrics 
with 0 being assigned to worst-performing country and 100 
being assigned to best-performing country by following 
formula.

In the above formula, ASIRIi denotes value of ASIR index 
for ith country; ASIR

99
 and ASIR

1
 are 99th percentile and 

first percentile values of ASIR ; ASIRi is value of ASIR of ith 
country. For ASIR, ASMR, and MIR, high values implied 
worst performance and hence resulted in low value of the 
index; in the case of PIR and PMR, high values implied 

(1)ASIRIi =
ASIR

99
− ASIRi

ASIR
99
− ASIR

1

∗ 100

better performance; therefore, the index construction for 
these two indices was modified as per the following formula.

We also assigned threshold values for countries at lowest 
and highest levels: countries with values lower than first 
percentile were assigned a minimum value of 0.1, and coun-
tries with values higher than 99th percentile were assigned 
a threshold value of 1001 The BRCBI was constructed by 
taking geometric mean2 of individual indices by the follow-
ing formula.

The choice of these five epidemiological constructs was 
governed by availability of metrics and breast cancer burden 
characterized by the metrics. The MIR (high MIR means low 
value on MIR index), for instance, has been shown to reflect 
5-year survival rates in the previous literature [3, 12–14]. 
Similarly, higher PIR (i.e., high PIR index) in a country 
implies that a patient diagnosed with breast cancer lives 
greater number of years so that 5-year prevalence is high in 
relation to incidence. The PIR of breast cancer in a coun-
try would be lower than diseases such as diabetes, but the 
inter-country differences in PIR in diseases such as breast 
cancer reflect the survival rates and quality of oncologic 
care. Lastly, high age-standardized rates (e.g., high ASIR 
and ASMR and low value on respective indices) imply that 
countries need to improve oncologic care involving early 
detection, prevention, and timely, cost-effective therapeutics.

Human Development Index

Countries’ comparative performance and progress against 
breast cancer were gauged against a country’s develop-
ment status measured by its HDI [11, 16]. HDI is a sum-
mary measure of three indicators: natural logarithm of gross 
national income per capita, education (composite construct 
of mean years of schooling and expected years of school-
ing), and life span (life expectancy at birth). A country’s 
value was rated on a 0 (worst) to 1 (best) scale for each of 
these three indicators; the geometric mean of three indica-
tors provided HDI’s final value.

(2)PMRIi =
PMRi − PMR

1

PMR
99
− PMR

1

∗ 100

(3)
BRCBIi =

5

√

ASIRIi ∗ ASMRIi ∗ MIRIi ∗ PIRIi ∗ PMRIi

1 Choosing minimum values as 1st percentile also helped in not 
assigning 0 value to BRCBI.
2 An alternate index using arithmetic mean was generated; it has a 
pairwise correlation of r = 0.9230 with BRCBI (Supplementary 
Table S3).
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Bivariate association between breast cancer metrics 
and HDI

The association between various breast cancer metrics and 
HDI was examined using bivariate regression as per the fol-
lowing equation.

In above equation, yi denotes breast cancer metrics, xi 
denotes HDI for ith country. The expected value of breast 
cancer metrics is generated as follows.

The OER was calculated as OER =
yi

ŷi
 . For MIR, OER 

lesser than one reflected better than the expected perfor-
mance, whereas for PMR, an OER greater than one denoted 
better performance than was expected based on HDI alone.

We also tested for non-linear effects of HDI on breast 
cancer metrics by including a quadratic term in (5) as per 
the following regression.

The quadratic term was added if quadratic term and linear 
term were found to be statistically significant as per Eq. 6. 
The fitted model, fitted values ( ̂yi) , and OER were thence 
modified accordingly.

Results

Incidence, mortality, and prevalence

Globally, breast cancer was responsible for 626,679 deaths 
[95% UI, 606,077–647,981] at an age-adjusted rate of 
13/100,000; there were an estimated 2.1 million cases 
[2.0–2.2 million] in 2018 at an age-standardized rate of 
46.3/100,000. East Asia was the leading region in terms of 
incidence with 476,509 [474,656–478,370] cases; in terms 
of death counts, however, South-central Asia was ranked 
first with 123,060 [119,256–126,986] breast cancer deaths 
in 2018 (Table 1). The ASIR was highest in Australia/New 
Zealand at 94.2/100,000, followed by Western Europe 
(92.6/100,000), and it was the lowest in South-central Asia 
(25.9/100,000). The 5-year prevalence was highest in East 
Asia, with 1.5 million females living with breast cancer; 
however, the 5-year prevalence rate was highest in developed 
regions led by Northern Europe (653.9/100,000) and lowest 
in middle Africa (30.1/100,000).

China was the leading country with 367,900 
[346,754–390,335] cases and 97,972 [93,309–102,868] 

(4)yi = � + �xi + �i

(5)ŷi = �̂ + �̂xi

(6)yi = � + �xi + �x2
i
+ �i

deaths (Supplementary Table S1). India was ranked sec-
ond in terms of death counts (87,090 [84,651–89,599]) 
and was ranked third in terms of incidence (162,468 
[158,245–166,804]) after China and United States (234,087 
[232,580–235,604]). The ASIR varied more than 22-fold 
between countries, spanning from 5/100,000 in Bhutan 
to 113.2/100,000 in Belgium; the ASMR varied 13-fold 
between countries, ranging from 2.7/100,000 (Bhutan) to 
36.9/100,000 (Fiji) (Fig. 1a, b).

Global MIR stood at 0.30, varying five-fold worldwide 
from 0.12 in South Korea to 0.68 in Central African Repub-
lic (Fig. 1c; Supplementary Table S1) and exhibited a nega-
tive association with HDI (r = -0.8260; Supplementary 
Table S2). Globally, PIR stood at 3.29, varying threefold 
between countries spanning from 1.29 in Niger to 4.29 in 
Norway (Supplementary Table S1). The PMR exhibited a 
positive association with HDI (r = 0.8543; Supplementary 
Table S2); it was comparatively higher in high/very high 
HDI countries led by South Korea (28.53), followed by Nor-
way (25.72) and was lower in low/medium HDI countries 
(e.g., Central African Republic 1.90 and Somalia 1.93).

Age‑group‑wise burden

Figure 2a–d illustrates that the age-wise distribution of 
breast cancer incidence and mortality varied substantially 
across HDI groupings. In low/medium HDI countries, the 
incidence and mortality of breast cancer peaked in the 45–54 
age group, whereas developed countries faced a substantial 
portion of breast cancer burden in 55-plus age groups. In 
low HDI countries, 55% of cases were diagnosed before the 
age of 50 years, claiming 50% breast cancer deaths (Supple-
mentary Fig S1); in very high HDI countries, however, the 
burden of breast cancer was lowest in the young age groups 
(~ 21% cases and ~ 10% of deaths in under-50 age groups).

Breast cancer burden index and components

The developed countries performed poorly in terms of ASIR 
index (or high ASIR), whereas populous countries such as 
China (ASIR index:71.26), India (81.8), and low/medium 
HDI countries (e.g., Bhutan 100, Mongolia 99.3, and 
Mozambique 95.9) scored high on this index (Fig. 3; Supple-
mentary Table S3). In contrast, the ASMR index had mixed 
values as per the country’s development status, with major-
ity of least developed countries and few developed countries 
recording best performance (i.e., low values) on the ASMR 
index (e.g., Gambia 100, South Korea 92.23). Notably, few 
developed countries scored intermediate values on this index 
(e.g., Luxembourg 51.3 and United Kingdom 59.6).

MIR index had a clear positive association with HDI, with 
a majority of developed countries recording high values on 
this index (e.g., Australia 100, Finland 99.9) and low/medium 
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HDI countries recorded low values on this index (e.g., Soma-
lia and Niger 0.1, Equatorial Guinea 3.8). PIR and PMR 
indices followed similar patterns as that of MIR, with devel-
oped countries recording high values and low/medium HDI 
countries lagging with low values. Those developed countries 

which performed relatively high on BRCBI also generally 
performed high on individual indices except for ASIR index 
(Fig. 3). The BRCBI varied from 0.70 in Somalia to 78.92 in 
South Korea and exhibited a positive correlation (r = 0.76) 
with HDI (Supplementary Table S2-S3).

Table 1  Region-wise Burden of Breast Cancer in 2018

Prevalence Rate: 5-year prevalence rate (Number of breast cancer patients per 100 000). The MIR was calculated as the ratio of all-age death 
counts and all-age cases of breast cancer. The PIR was calculated as the ratio of all-age 5-year prevalence and all-age incidence count. The PMR 
was calculated as the ratio of 5-year prevalence and all-age death counts. The estimates of breast cancer burden were drawn from GLOBOCAN 
2018. The figures inside square brackets reflected 95% uncertainty intervals
Incidence: All-age new cases; Deaths: All-age deaths;
ASIR Age-standardized incidence rate (cases per 100 000), ASMR Age-standardized mortality rate (deaths per 100,000), MIR Mortality-to-inci-
dence ratio, PIR Prevalence-to-incidence ratio, PMR Prevalence-to-mortality ratio

Region Incidence ASIR Deaths ASMR Prevalence Prevalence rate MIR PIR PMR

Australia and New Zealand 22,062
[21,721–22,408]

94.2 3,631 [3,491–
3,776]

12.6 93,336 628.7 0.16 4.23 25.71

Caribbean 14,097
[13,104–15,165]

50.2 5,496 [5,101–
5,922]

18.1 43,666 195.7 0.39 3.10 7.95

Central America 35,349
[34,194–36,544]

38.3 9,341 [9,075–
9,615]

10.1 105,536 116.7 0.26 2.99 11.30

Central and Eastern Europe 149,024
[147,521–150,542]

54.5 49,951
[49,095–50,822]

15.5 537,230 347.6 0.34 3.60 10.76

Eastern Africa 40,310
[34,161–47,565]

29.9 20,165
[16,826–24,166]

15.4 74,870 34.3 0.50 1.86 3.71

Eastern Asia 476,509
[474,656–478,370]

39.2 119,678
[118,818–120,544]

8.6 1,472,640 182.4 0.25 3.09 12.31

Melanesia 2,116
[1,890–2,370]

49.7 1,046
[967–1,131]

25.5 4,881 94.4 0.49 2.31 4.67

Micronesia 121
[105–140]

42.5 47
[35–63]

16.3 170 64.4 0.39 1.40 3.62

Middle Africa 14,486
[11,784–17,808]

27.9 7,864
[6,431–9,616]

15.8 25,429 30.1 0.54 1.76 3.23

North America 262,347
[260,585–264,121]

84.8 46,963
[46,475–47,457]

12.6 1,102,533 600.3 0.18 4.20 23.48

Northern Africa 53,917[50,539–57,521] 48.9 20,058
[18,731–21,480]

18.4 142,739 120.6 0.37 2.65 7.12

Northern Europe 84,272[83,391–85,163] 90.1 18,063
[17,659–18,477]

14.1 347,043 653.9 0.21 4.12 19.21

Polynesia 252[214–298] 70.5 78[44–139] 21.6 630 185.3 0.31 2.50 8.08
South America 150,288

[145,986–154,716]
56.8 37,721

[36,962–38,496]
13.4 475,700 219.2 0.25 3.17 12.61

South-Central Asia 241,077
[233,926–248,447]

25.9 123,060
[119,256–126,986]

13.6 597,176 62.6 0.51 2.48 4.85

South-Eastern Asia 137,514
[132,555–142,659]

38.1 50,935
[48,966–52,983]

14.1 387,922 118.2 0.37 2.82 7.62

Southern Africa 14,820
[13,944–15,751]

46.2 5,002
[4,832–5,178]

15.6 39,393 117.1 0.34 2.66 7.88

Southern Europe 119,577
[118,199–120,972]

80.3 28,064
[27,387–28,758]

13.3 467,102 596.9 0.23 3.91 16.64

Western Africa 45,157[40,355–50,531] 37.3 20,983
[18,507–23,791]

17.8 87,584 46.2 0.46 1.94 4.17

Western Asia 55,914[54,574–57,287] 45.3 16,904
[15,791–18,095]

13.6 166,007 128.4 0.30 2.97 9.82

Western Europe 169,640[168,093–171,201] 92.6 41,629
[40,888–42,383]

15.5 703,512 715 0.25 4.15 16.90
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Bivariate regression

The association between breast cancer burden and HDI was 
examined using bivariate regression with HDI as explana-
tory variable (Fig. 4a–f; Supplementary Table S4). The 
ASIR was positively and significantly associated with HDI 
( R2 = 0.5277) with the inclusion of quadratic term signifi-
cantly improving the model fit ( R2 = 0.6448) . There was 
no statistically significant relationship between ASMR and 
HDI, neither linear nor in quadratic form (Supplementary 
Table S4). The MIR had an inverse relationship with HDI 
( R2 = 0.6822) , whereas PIR was positively linked with 
HDI ( R2 = 0.9623) . In case of PMR, there was a statisti-
cally significant positive association with HDI, and inclu-
sion of quadratic term significantly improved the model fit 
(from R2 = 0.7298 to R2 = 0.8235). The HDI had a positive 
and statistically significant relationship with BRCBI and 
could explain 57% of variation in BRCBI, and the inclu-
sion of quadratic term marginally improved the model fit 
( R2 = 0.6029) . The relationship became slightly inverted U 
in shape, implying that after reaching a certain HDI level, 
HDI’s influence on BRCBI tapers off (Fig. 4f).

A comparative analysis of OERs as per HDI

The country-wise OERs were produced as per linear regres-
sion in MIR and quadratic regression in the case of PMR 
(Supplementary Table S5). In terms of MIR, Syria in low 
HDI (OER 0.81); Guatemala in medium HDI (OER 0.65); 
Brazil in high HDI (OER 0.63); South Korea in very high 
HDI (OER 0.47) were the best performers. Notably, a heav-
ily burdened country such as India performed relatively poor 
in terms of its HDI (OER 1.27); it could have saved an esti-
mated 18,915 lives in 2018 had it performed as per its HDI.3 
In terms of PMR, Syria in low HDI (OER 1.44); Guatemala 
in medium HDI (OER 1.66); Libya in high HDI (OER 1.56); 
South Korea in very high HDI (OER 1.62) were the best per-
formers. Notably, due to its better performance as per HDI, 
Brazil (OER 1.49) could save 86,593 lives over five years 
(2013–2018); India, in contrast, could have saved 75,420 
lives had it performed as per its HDI. In very high HDI 
category, United States and South Korea saved 208,468 and 
29,952 lives, respectively, due to their better than expected 
performance as per HDI.4

Discussion

Breast cancer was responsible for more than half a million 
deaths, and 2 million cases were estimated to be diagnosed 
worldwide in 2018. The ASIR exhibited positive associa-
tion with HDI (r = 0.7264) and was the highest in developed 
countries (e.g., Belgium 113.2/100,000 and Luxembourg 
109.2/100,000) and lowest in low/medium HDI countries 
(e.g., Bhutan 5/100,000 and Mozambique 14.5/100,000). 
Although incidence rates were the highest in developed 
regions, the developing countries in Asia and Africa shared 
a substantial portion of deaths and cases (~ 52% cases; ~ 61% 
deaths) in 2018. The 5-year survival rates proxied by MIR 
were the worst in sub-Saharan Africa (SSA) led by Cen-
tral African Republic (0.68) and Equatorial Guinea (0.64). 
As with the previous studies [12], if we treat 1-MIR as the 
equivalent of 5-year survival rate, it varied from 32% in the 
Central African Republic to 88% in South Korea (MIR 0.12).

Consistent with previous studies [17, 18], breast cancer 
patients were comparatively younger in low and medium 
HDI countries; importantly, the proportion of younger 
patients diminishes with rising HDI. The developed coun-
tries had a substantial portion of breast cancer burden in 
50-plus age groups (81% of cases and 89% of deaths), with 
low HDI countries had half the deaths and cases diagnosed 
before the age of 50 [19]. The age profile of breast cancer 
patients as per development status likely reflects higher life 
expectancy in developed countries, reproductive patterns, 
and etiologic differences [20]. In addition to younger age 
profile of breast cancer patients, the risk profile of breast 
cancer patients is also different in developing countries with 
a substantial portion of high-risk cancers such as triple-neg-
ative breast cancer, which has a poor prognosis [17, 21, 22].

The high incidence rates and high survival rates in devel-
oped countries (low MIR and high PIR) reflect an early 
detection, better cancer infrastructure, and cancer treatment 
in these countries [23]. The population-wide screening 
through breast mammograms has shown success in lower-
ing mortality rates in developed countries [24, 25]. However, 
there are recent concerns over mammographic screening 
harms such as overdiagnosis/overtreatment, risk of second-
ary tumors due to ionizing radiation, and adverse psycho-
logical effects [26, 27]. Therefore, population-based mam-
mographic screening cannot be emulated in low-resource 
economies due to large population sizes; younger breast 
cancer patients; financial, sociocultural, and logistical con-
straints; and competing population health problems [28, 29]. 
Moreover, population-based screening’s success depends 
crucially on strength of health system to provide high-qual-
ity mammography, ensure high coverage and follow-up of 
screened patients, manage symptomatic patients, and pro-
vide timely access to diagnostic and therapeutic services 

3 Number of deaths that could be prevented in 2018 was calculated 
as per the following.

(Extra Deaths)2018 = (Incidence)2018(Observed MIR − Expected MIR)

4 Number of lives saved as per PMR was calculated as per the fol-
lowing.
(Extra Deaths)2013−18 = (Observed Deaths)2018

(Observed PMR − Expected PMR)
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[30]. Low-cost screening solutions such as clinical breast 
examination may be considered, which have shown some 
success in clinical downstaging in low and medium-income 
countries [31–34].

The HDI exhibited a positive association with PIR 
(r = 0.98), PMR (r = 0.85), and negative association with 
MIR (r = -0.83). As these metrics reflect relative survival 
rates, this implies that higher HDI countries provide better 
cancer care and ensures greater survival. Previous studies 
have also found marked disparities in 5-year survival rates, 
ranging from 12% and 46% in Gambia and Uganda [35] 
to over 90% in developed countries such as Australia and 
United States [2]. Late-disease presentation is one of the 
primary reasons for low survival rates in developing and 
low-resource economies, which leads to poor prognoses and 
fatal outcomes [35, 36]. About 50–75% of African women 
presented with advanced disease [37]; in United States, how-
ever, only 11% of females were diagnosed with an advanced 
tumor (stage III/IV) [38]. In SSA, lack of awareness, soci-
ocultural factors, fatalism (i.e., cancer is not curable and 
always results in death), and fear of mastectomy are few 
of the patient-specific factors resulting in delayed diagnosis 
[17, 39, 40].

Due to resource constraints and low awareness levels in 
low-resource countries, previous studies have shown that 
focus must be on downstaging and raising cancer awareness 
rather than screening asymptomatic women in low-resource 
countries [28, 30, 41]. Even in upper-middle-income coun-
tries such as Brazil, there is limited evidence of improved 
cancer mortality rates after the Ministry of Health’s intro-
duction of screening guidelines in 2004 [30]. The African 
Breast Cancer-Disparities in Outcomes (ABC-DO) study 
found that stage at diagnosis was the most potent prog-
nostic factor and concluded that earlier stage at diagnosis 
and improved therapy can avert one-third of breast cancer 
deaths over 2020–2029 in SSA [42]. In few low-resource 
countries, such programs have shown some success. For 
instance, in a pilot study conducted in Malaysia, a program 
focused on training health workers and raising cancer aware-
ness reduced advanced breast cancer detection (stage III/
IV) from 60 to 35% between 1994 and 1998 [43]. Similarly, 
increased cancer awareness and breast examination program 
among trained, non-medical volunteers in rural Sudan led 
to greater detection of benign, early-stage, and potentially 
curable tumors [33].

Low HDI countries’ performance was worst in terms 
of BRCBI (e.g., Somalia 0.70; Central African Republic 

1.11) and high/very high HDI countries showed the best 
performance (South Korea 78.92; Brunei 74.36). Nota-
bly, apart from incidence and mortality rates, which are 
the most commonly considered variables of breast cancer 
burden, BRCBI also encompasses the burden measured by 
metrics such as MIR and PIR. Therefore, improvements 
in BRCBI can be attained through improvements in indi-
vidual components (i.e., reduction of ASIR, ASMR, MIR 
or increases in PIR, PMR), which is linked with all facets 
of oncologic care from disease prevention, availability 
of facilities (e.g., hospitals, oncologist, drugs, imaging 
techniques), early detection, cost-effective diagnostic and 
therapeutic services, and coverage of treatment expenses.

The poor performance of low/medium HDI countries on 
most epidemiological metrics and BRCBI is reminiscent of 
other public health systems’ weaknesses in these countries. 
First, the treatment expenses and travel and accommoda-
tion cost from pocket discourages patients from reaching 
healthcare providers even after noticing cancer symptoms 
[17, 40]. For instance, in the ABC-DO study, the treatment 
completion and survival rates were the highest in Namibia 
because of free treatment [42, 44]. Second, the treatment 
options are also limited in LMICs so that surgery is some-
times the only treatment option due to limited availability 
of chemotherapy, radiotherapy, and hormonal treatments 
such as Tamoxifen [17, 40, 45, 46]. Third, under-staging of 
breast cancer is also possible in low-income countries due 
to inadequate imaging techniques resulting in inappropri-
ate treatment decisions, high costs, and side effects [42].

Limitations

This study suffers from three limitations. First, data cov-
erage and quality from cancer registries, which have a 
marked effect on GLOBOCAN estimates, are far from 
complete in many low-resource economies. This implies 
that breast cancer estimates in these countries are expected 
to be biased, and the country-specific values of different 
metrics and BRCBI would be adjusted accordingly. Sec-
ond, we used MIR, PIR, and PMR as the proxy measures 
of survival rates and quality of health care system. These 
are not the actual survival rates and should not be substi-
tuted with actual survival rates. In the absence of actual 
data, however, these three indicators can serve the dual 
purpose of proxy for relative survival rates and quality of 
health services in a country. Third, although GLOBOCAN 
estimates provided a snapshot of breast cancer burden in 
2018, lack of consistent time series prevented us from 
examining the improvement/worsening of breast cancer 
burden in cross-country context.

Fig. 1  Geographical distribution of Breast Cancer Statistics in 2018 
1a. ASIR 1b. ASMR 1c. MIR. ASIR: Age-standardized incidence 
rate (cases per 100 000); ASMR: Age-standardized mortality rate 
(deaths per 100 000); MIR: Mortality-to-incidence ratio. The esti-
mates of breast cancer burden were drawn from GLOBOCAN 2018

◂
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Conclusion

Low incidence and low survival rates in resource-poor 
countries and high incidence and high survival rates in 

developed countries mark the dichotomy of breast cancer 
burden as per HDI status of countries. The BRCBI, a novel 
index capturing the relative intensity of breast cancer bur-
den on a 0 to 100 scale, is positively correlated with HDI. 

0
5,

00
0

10
,0

00
15

,0
00

Belo
w 15

15
 to

 19

20
 to

 24

25
 to

 29

30
 to

 34

35
 to

 39

40
 to

 44

45
 to

 49

50
 to

 54

55
 to

 59

60
 to

 64

65
 to

 69

70
 to

 74

75
 to

 79

80
 to

 84

85
 pl

us

(a) Low HDI

0
20

,0
00

40
,0

00
60

,0
00

Belo
w 15

15
 to

 19

20
 to

 24

25
 to

 29

30
 to

 34

35
 to

 39

40
 to

 44

45
 to

 49

50
 to

 54

55
 to

 59

60
 to

 64

65
 to

 69

70
 to

 74

75
 to

 79

80
 to

 84

85
 pl

us

(b) Medium HDI

0
20

,0
00

40
,0

00
60

,0
00

80
,0

00
10

00
00

Belo
w 15

15
 to

 19

20
 to

 24

25
 to

 29

30
 to

 34

35
 to

 39

40
 to

 44

45
 to

 49

50
 to

 54

55
 to

 59

60
 to

 64

65
 to

 69

70
 to

 74

75
 to

 79

80
 to

 84

85
 pl

us

(c) High HDI
0

50
,0

00
10

00
00

15
00

00

Belo
w 15

15
 to

 19

20
 to

 24

25
 to

 29

30
 to

 34

35
 to

 39

40
 to

 44

45
 to

 49

50
 to

 54

55
 to

 59

60
 to

 64

65
 to

 69

70
 to

 74

75
 to

 79

80
 to

 84

85
 pl

us

(d) Very High HDI
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Fig. 2  Age-group-wise distribution of incidence and mortality of 
Breast Cancer a. Low HDI b. Medium HDI c. High HDI d. Very 
High HDI e. Global. Incidence: new cases; Deaths: deaths due to 
breast cancer; HDI: human development index. The estimates of 
breast cancer burden were drawn from GLOBOCAN 2018. The data 

of the human development index were taken from the United Nations 
Development Program. The countries were categorized as low 
(HDI < 0.550), medium (0.550−0.669), high (0.700−0.799), and very 
high (> 0.800)

Fig. 3  Country-wise distribution of Breast Cancer Burden Index and 
Components. ASIR: Age-standardized incidence rate (cases per 100 
000); ASMR: Age-standardized mortality rate (deaths per 100 000); 
MIR: Mortality-to-incidence ratio; HDI: Human development index; 
PIR: Prevalence-to-incidence ratio; PMR: Prevalence-to-incidence 
ratio; BRCBI: Breast cancer burden index. The MIR was calculated 
as the ratio of all-age death counts and all-age cases of breast can-

cer. The PIR was calculated as the ratio of all-age 5-year prevalence 
and all-age incidence count. The PMR was calculated as the ratio 
of 5-year prevalence and all-age death counts. The BRCBI was cal-
culated as the geometric mean of ASIR index, ASMR index, MIR 
index, PIR index, and PMR index. The estimates of breast cancer bur-
den were drawn from GLOBOCAN 2018
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The burden characterized by different metrics in BRCBI 
shows that breast cancer poses different challenges across 
the development continuum, which is reflected in different 
incidence, mortality and survival rates, different age pro-
files of breast cancer patients, etiology, and prevalence of 
risk factors. The developed countries need to address the 
risk factors that result in disease onset (e.g., obesity, alcohol 
consumption), ensure elongated survival, and quality of life 
for breast cancer patients across the socioeconomic strata. 
In low- and medium-income countries, the breast cancer 
burden is expected to escalate further in future due to the 
westernization of lifestyles [47] (e.g., delayed marriages, 
low parity, low age at menarche, lack of physical activity, 
and poor diet), better cancer registration and cancer detec-
tion. The developing and low-resource economies, therefore, 

have to adopt a holistic approach to cancer management and 
control that requires oncologic infrastructure, cost-effective 
and equitable access to diagnostic, therapeutic, and pallia-
tive services, increase breast cancer awareness, and mitigate 
potentially modifiable risk factors that can aggravate inci-
dence and death rates in these populations.

Supplementary Information The online version of this article (https ://
doi.org/10.1007/s1054 9-020-06083 -6) contains supplementary mate-
rial, which is available to authorized users.
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Fig. 4  Bivariate Association Between Childhood Cancer Burden and 
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HDI e. PMR vs HDI f. BRCBI vs HDI. ASIR: Age-standardized inci-
dence rate (cases per 100 000); ASMR: Age-standardized mortality 
rate (deaths per 100 000); MIR: Mortality-to-incidence ratio; PIR: 
Prevalence-to-incidence ratio; BRCBI: Breast cancer burden index; 
HDI: Human development index. The MIR was calculated as the ratio 
of all-age death counts and all-age cases of breast cancer. The PIR 
was calculated as the ratio of all-age 5-year prevalence and all-age 

incidence count. The PMR was calculated as the ratio of 5-year prev-
alence and all-age death counts. The BRCBI was calculated as the 
geometric mean of ASIR index, ASMR index, MIR index, PIR index, 
and PMR index. The estimates of breast cancer burden were procured 
from GLOBOCAN 2018. The data of human development index were 
taken from United Nations Development Program.  The countries 
were categorized as low (HDI < 0.550), medium (0.550–0.669), high 
(0.700–0.799), and very high (> 0.800)
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