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A B S T R A C T

Background: In the Latin America countries (LAC), one in five breast cancer (BC) cases occur in women
younger than 45 years, almost twice the frequency seen in developed countries. Most BC cases in younger
women are premenopausal and are generally more difficult to detect at early stages and to treat than
postmenopausal cancers. We employ data from four high quality population-based registries located in
LAC and assess the extent to which the higher frequency of BC occurring in younger women is due to a
younger population structure, compared to that of developed countries. Next, we analyze secular and
generational trends of incidence rates in search for additional explanations.
Methods: Using data from the International Agency for Research on cancer, between 1988 and 2007, the
age distribution of BC incident cases for registries located in Brazil, Colombia, Costa Rica, Ecuador is
compared to that of USA and Canadian registries, both before and after removing differences in
population age structure. An age-period-cohort modelling of incidence rates is also conducted in all
compared registries to identify secular and generational effects.
Results: BC incident cases in the LAC registries present, on average, at an earlier age than in the USA and
Canadian registries and for 2003–2007, between 20 and 27% of cases occur in women aged 20–44. About
two thirds of the difference in age distribution between LAC and USA registries is attributable to the
younger age distribution in the LAC base populations. The USA registries show the highest age-specific BC
incidence rates of all compared aggregated registries, at all ages. However, in all the LAC registries
incidence rates are rapidly increasing, fueled by a strong birth cohort effect. This cohort effect may be
explained by important reduction in fertility rates occurring during the second half of the 20th century,
but also by a greater exposure to other risk factors for BC related to the adoption of life styles more
prevalent in developed countries.
Conclusion: The younger age at presentation of BC incident cases seen in the analyzed LAC registries, and
possibly in many Latin American countries, is not only attributable to their relatively young population
age structure but also to the low incidence rates in older women. As more recently born cohorts, with
greater exposure to risk factors for postmenopausal BC, reach older age, incidence rates will be more
similar to the rates seen in the USA and Canadian registries. There is a need for additional research to
identify determinants of the higher BC rate among younger women in these countries.
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1. Introduction

Breast cancer is the most frequent cancer among women
worldwide [1]. Breast cancer has a high burden of morbidity and
mortality for pre-menopausal women, whose disease, character-
ized by more aggressive tumors [2], may be particularly difficult to
detect at early stages and to treat [3,4]. It is estimated that 20% of
Latin American breast cancer cases occur in women younger than
45 years, compared to 12% in higher-income countries [5]. Reasons
for this higher proportion remain largely unexplored. The leading
hypothesis is that the concentration of breast cancer among
younger women in Latin America is attributable to the younger age
distribution of their populations compared to developed countries.
However, age at presentation may also be influenced by the
prevalence of risk factors for breast cancer, and by the breast
cancer screening and education policies in place in a given country.
The relative distribution of risk factors and access to screening may
also vary by age and birth cohort.

In this paper, we analyze data from four high quality
population-based registries in Brazil, Colombia, Costa Rica, and
Ecuador and compare them with cancer registry data from the US
and Canada. First, we estimate the difference in age at presentation
observed among these populations, and the proportion of this
difference that can be attributed to the differences in population
age structure that exist between them. We then analyze the secular
and generational trends of incidence rates across registries in
search for additional explanations.

2. Materials and methods

Female breast cancer incidence data analyzed here are taken
from the 2014 release of the CI5plus database [6] which contains
annual counts of newly diagnosed cancer cases and population for
89 population based cancer registries, located in 41 countries.
Analyses are restricted to the most recent 20-year available time
period (1988–2007). We focus our analysis on the only 4 Latin
American registries included in CI5plus (Brazil-Goiania, Colombia-
Cali, Ecuador- Quito and Costa Rica) and compare their breast
cancer incidence trends with aggregated all-race data from
3Canadian registries (Manitoba, Nova Scotia and Saskatchewan)
and from 21 USA registries (San Francisco-California, Los Angeles-
California, Connecticut, Atlanta-Georgia, Iowa, Detroit-Michigan,
New Mexico, New Jersey, New York State, Utah, Seattle-Wash-
ington, Hawaii and SEER-9 registries), also included in CI5plus and
with complete information for the study period. We also analyze
breast cancer incidence data for Hispanic women from the Los
Angeles Cancer Registry since this population group is more
similar, both culturally and racially, to Latin American than to the
all-race USA registry populations.

In the Latin American registries, the proportion of microscopi-
cally verifiedbreast cancercasesrangedbetween85(Ecuador-Quito)
and 97% (Brazil-Goiania) during the period 1993-1997 [7], rising to
94–98% during the period 2003–2007 [8]. In contrast, for the
aggregated USA and Canadian registries, this proportion has ranged
between 98 and 99% for the same time periods. The proportion of
breast cancer cases registered exclusively from death certificates has
been relatively low in the aggregated four Latin American registries
(2% in 1993–1997 and 1.6% in 2003–2007),but higher than in the USA
and Canadian registries (less than 1% in both periods).

Three of the Latin American registries (Brazil-Goiania, Colombia-
Cali, Ecuador-Quito) have catchment areas covering the metropoli-
tan areas of cities with important rural immigration over several
decades. The Costa Rica cancer registry has national coverage [7,8].
Annual growth rates for the base populations of Latin American
registries ranges between 1.6 and 2.1% during the analyzed period,
whereas the corresponding figures for the aggregated USA and
Canadian registries are 0.8 and 0.1%, respectively. In addition, over
the study period, in the Latin American registries base populations
only between 6.8 and 8.9% of the population is 60 and older,
compared to 17.5 and 19.8% of persons in the same age group in the
USA and Canadian registries, respectively. In contrast, the base
population for the Hispanic women from the Los Angeles Cancer
Registry has annual growth rates and a proportion of persons 60 and
older that are more similar to the Latin American registries (3.6% and
7.6%, respectively).

We excluded breast cancer incident cases occurring in women
under 20 years of age because they represent 1.2 per 10,000 cases
in the entire analyzed registries. Between the ages of 20 and 74, 5-
year age groups were used in our analyses and a closing age group
of 75 and older was used because three Latin American registries
lacked more detail in their population counts.

Statistical analyses were carried-out to evaluate the age
distribution of breast cancer incident cases and its changes
overtime, as well as the levels and time trends of incidence rates in
all compared registries.

The age distribution of incident cases is initially compared
among registries by the mean age at diagnosis and the proportion
of cases occurring in young women (aged 20–44), most of whom
are premenopausal and have therefore a distinct etiology and
clinical course than their older counterparts. To analyze trends in
these measures yearly data are collapsed into 5-year periods. 95%
Confidence intervals for the ratio of the proportion of cases
occurring in young women, among specific registries, were
obtained through the formula proposed by Rothman [9].

To assess the extent to which the age distribution of breast
cancer incident cases among the compared populations was
explained by differences in their base population age structures,
we calculated the expected number of breast cancer incident cases
if all compared populations had the same age structure observed in
the aggregated USA registries for a specific time period, through
the following formula:

EICa;p ¼ IRa;pðPa;USAÞð
SICp

SICa;USA
Þ

Where EICa;p is the expected breast cancer incident cases in age
group a for population p,IRa;p is the observed breast cancer
incidence rate in the age group a in population p, Pa;USAis the
CI5plus population in the aggregated USA registries in the age
group a, SICp is the total number of incident cases observed in
population p and SICa;USA is the total number of incident cases
observed in the aggregated USA registries.

In addition, we calculated the proportion of the overall
differences in the age distribution of breast cancer incident cases,
between the Latin American registries and the aggregated USA
registries that could be explained (AP) by differences in their age
distribution through the following formula:

AP ¼ 1 � Sabs EPa;p � OPa; USA
� �

Sabs OPa;p � OPa; USA
� �

Where EPa;p is the expected proportion of breast cancer incident
cases in age group a, for population p, OPa;USA is the observed
proportion of incident cases in the age group a in the aggregated
USA registries and OPa;p is the observed proportion of breast cancer
incident cases in age group a, for population p.

Age-specific breast cancer incidence rates were summarized
through the cumulative risk of developing breast cancer between
the ages of 20 and 74 years [10].

Age ðaÞ, period ðpÞ and cohort effects ðcÞ for the natural
logarithm of the incidence rates (l) were estimated using the
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following Poisson regression model developed by Holford [11]:

Lnðla;p;cÞ ¼ m þ ½ba þ bp�a0 þ ½bp þ bc�c0 þ aa þ pp þ gc

Where a0 and c0 are the curvature components of the age and

cohort effects, respectively, bp þ bc

h i
is the ‘net drift parameter’

and indicates the overall direction in which the mortality trend is
moving, and a, p and g are the parameters describing the age,
period and curvature trends, respectively. The net drift parameter
was extracted using Holdford's naive average. The model was fitted
so that age effects are presented as death rates for the reference
cohort.

This model was fitted in each registry, using the annual
information from 1988 through 2003. Natural splines with
7 parameters for the age, period and cohort terms were
incorporated into the modeling to reduce random variation due
to the use of such detailed tabulations.

Most of the analyses were carried out using version 12 of the
STATA statistical software [12]. Holford's model was fitted using
the implementation provided by Carstensen [13] for the R
Statistical Package [14].

3. Results

The Latin American and Canadian registries reported consider-
ably fewer breast cancer incident cases than the combined US
registries (Table 1). In the Latin American registries the cumulative
risk percent [20–74] of developing breast cancer, during 2003-
2007, was between 24 and 57% lower than that observed in the
combined USA registries. Hispanic women from Los Angeles had a
31% lower cumulative risk than the aggregated all-race USA
registries. Over the analyzed period, all compared registries show
increases in their cumulative risk but the increase is greater for the
Latin American (31-81%) and the Los Angeles Hispanic registries
(6%) than for the Canadian and US registries (1% in both cases). In
the Latin American and the Los Angeles Hispanic registries, breast
cancer incident cases are diagnosed, on average, at ages between
4.0 and 6.8 years younger than in the aggregated USA registries.

Over the study period, the proportion of breast cancer occurring
in young women (aged 20-44) has ranged between 20 and 30%,
both in the four Latin American registries and in Hispanic women
from Los Angeles, roughly doubling the corresponding proportion
observed in the combined USA and Canadian registries (Table 2).
Except for the Brazil-Goiania registry, the proportion of cases
occurring in young women has decreased between 1988 and
2007 in all compared cancer registries, with the Latin American
Table 1
Breast cancer incident cases, person-time, cumulative risk and average age at diagnosis
cancer registries included in CI5Plus.

Cancer registry 2003–2007 Percent cumulative r

Total incident
cases

Total
person-years

Ratio with respect
to USA registries

Brazil, Goiania 4,651 6,809,362 7.4 0.76 

Colombia, Cali 7,469 12,047,130 5.4 0.55 

Costa Rica 10,225 21,066,698 4.4 0.45 

Ecuador, Quito 3,526 8,364,531 4.2 0.43 

The four Latin
American registries

25,871 48,287,721 5.0 0.51 

Los Angeles, Hispanics 16,699 22,013,948 6.8 0.69 

Canadian registries 36,455 22,787,800 8.6 0.88 

USA registries 1,101,53 633,728,445 9.8 
and Canadian registries showing the highest decreases (about 20%
over the study period).

The observed relative frequency, by age group, of breast cancer
incident cases in the combined four Latin American registries
shows important differences to the corresponding USA registries
distribution, with the Latin American registries showing higher
proportions of cases in younger women and lower proportions of
cases in women 60 and older than the USA registries (Fig. 1). These
differences have tended to decrease over the study period, but are
still important in 2003-2007. Furthermore, although of lower
magnitude, Latin American registries still present higher propor-
tions of younger cases and lower proportions of older cases than
the USA registries, after removing the differences in age distribu-
tion of the compared populations. About one third of the
differences in the age distribution of incident cases seen between
the Latin American and the USA registries is not explained by the
fact that the population in the USA registries is older than in the
Latin American ones (Supplemental Fig. 1). In addition, these
findings are more or less replicated when specific Latin American
registries are compared to the USA registries and are also seen in
Hispanic women from Los Angeles.

According to the fitted Age-period-cohort model proposed by
Holford, the USA registries show the highest age-specific breast
cancer incidence rates of all compared aggregated registries, at all
ages (Fig. 2, left panel). Rates for Hispanic women from Los Angeles
are more similar to the rates seen in the combined Latin American
registries. Among the Latin American registries, only the Brazil-
Goiania registry shows rates that are similar to the combined USA
registries rates at older ages (Fig. 2, right panel).

In all compared registries, breast cancer incidence rates show
cyclic fluctuations over calendar time that are often not
significantly different from unity at specific time points (Fig. 3).
The average rate ratio for the whole calendar period is 1 in all
analyzed registries; therefore no calendar time secular trend is
evident in any case.

In contrast, all compared registries show birth cohort effects,
albeit of varying magnitude (Fig. 4). The USA and Canadian
registries have the smallest cohort effects, with incidence rates
more rapidly increasing for women born between 1940 and 1945.
For more recently born cohorts, incidence rates progressively
increase in the USA registries, reaching a maximum in women born
between 1975 and 1979, whereas for the Canadian women born
after 1945, rates do not show an statistically significant increase
(p < 0.05) (Fig. 4, left panel). As in the case of the all-race USA
women, Hispanic women from Los Angeles also show a peak in
breast cancer incidence starting about 1940, but a stronger cohort
 for women aged 20 and older observed in the Latin American, Canadian and USA

isk [20–74] in 2003–2007 Average age at diagnosis in 2003-2007

% change over
the study period

Difference with respect
to USA registries

% change over
the study period

80.5 51.6 -6.8 0.8
25.6 54.3 -4.1 1.8
41.9 54.4 -4.0 1.5
31.3 53.9 -4.5 1.3

42.9 53.7 -4.7 1.3

6.2 54.
0

-4.4 0.5

1.2 60.1 1.7 -0.3

1.0 58.4 -0.9



Table 2
Percent breast cancer incident cases occurring in younger women among compared registries.

Cancer registry Percent breast cancer incident cases,
aged 20–44

Ratio with respect to
USA registries (95% C. I.)

Percent change over the study period
(95% C. I.)

1988–1992 1993–1997 1998–2002 2003–2007 1988–1992 2003–2007

Brazil, Goiania 28.9 28.2 26.6 27.1 2.1
(1.8,2.3)

2.2
(2.1,2.4)

-6.3
(-19.0,8.4)

Colombia, Cali 26.5 23.8 22.7 20.2 1.9
(1.7,2.1)

1.7
(1.5,1.8)

-23.7
(-32.4,-13.9)

Costa Rica 25.4 23.8 20.9 19.8 1.8
(1.7,2)

1.6
(1.5,1.7)

-21.9
(-29.9,-12.9)

Ecuador, Quito 27.5 24.9 24.3 22.1 2.0
(1.7,2.2)

1.8
(1.6,2.0)

-19.7
(-32.0,-5.1)

The four Latin American registries 26.6 24.7 22.8 21.7 1.9
(1.8,2.0)

1.8
(1.7,1.8)

-18.5
(-23.6,-13.1)

Los Angeles, Hispanics 24.6 24.6 22.7 21.7 1.8
(1.6,1.9)

1.8
(1.7,1.9)

-12.0
(-18.9,-4.5)

Canadian registries 11.8 11.9 10.3 9.4 0.8
(0.8,0.9)

0.8
(0.7,0.8)

-20.4
(-26.9,-13.3)

USA registries 14.0 13.3 12.5 12.2 -12.7
(-13.9,-11.5)
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effect afterwards. All four Latin American registries show very
strong cohort effects, with more recently born cohorts having
significantly higher incidence rates, but the strongest cohort effect
is seen on the Brazil-Goiania registry with an exponential increase
in incidence rates for women born after 1955 (Fig. 4, right panel).
As in the case of the USA and Canadian registries, the Costa Rica
and Colombia-Cali registries show an abrupt rise in rates for
women born between 1945 and 1948, whereas a similar pattern is
seen between 1948 and 1954 for the Ecuador-Quito registry.

4. Discussion

Good quality population based cancer registries, like the four
whose breast cancer incidence data we analyze here, are scarce in
Fig. 1. Observed and residual differences in the relative frequency of breast cancer incide
periods.
Latin America. Despite the fact that these registries have small base
populations, interesting findings are obtained regarding the
reasons of the younger age distribution of breast cancer observed
in them, particularly by making comparisons with the aggregated
USA and Canadian registries, and with data for Hispanic women
from the Los Angeles registry, available in CI5plus. However,
caution must be exercised in extrapolating our results to the whole
Latin American countries, since, according to GLOBOCAN esti-
mates; breast cancer incidence varies substantially among
countries in the region [5]. In addition, the analyzed USA and
Canadian registries are not necessarily representative of the breast
cancer incidence trends observed in these countries. Another
caveat to interpreting our results concerns the sharp changes in
incidence rates, over the analyzed time variables, namely age and
nt cases, between Latin American and USA registries, by age group, in two five-year



Fig. 2. Estimated breast cancer incidence rates, for cancer registries from Latin America, USA and Canada, obtained by fitting the Age-period-cohort model proposed by
Holford [11]. Gray areas correspond to 95% confidence bands for the incidence rates.
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birth cohort, seen for the Brazil-Goiania registry which may
partially be the result of improved diagnostic and detection
services since the early 1990s [7].

Breast cancer incident cases in the four Latin American
registries, but also in the Hispanic women from the Los Angeles
registry, present on average at an earlier age than in the USA and
Canadian registries. In addition, for 2003–2007, between 20 and
27% of cases occur in women aged 20-44 in the analyzed Latin
American and Hispanic registries, almost doubling the frequency
seen in USA and Canadian registries. Earlier reports, often based on
hospital-based or treatment-provider information, have shown an
earlier age at breast cancer presentation in Colombia, Mexico and
other low and middle income countries than that observed in high
income countries [15–19].

Only two thirds of the difference in age distribution between
Latin American and USA registries is attributable to the younger
age distribution in the Latin American base populations. After
Fig. 3. Estimated period effects, on breast cancer incidence rates, for registries from L
proposed by Holford [11]. Dots represent time points where the incidence rate ratios a
eliminating differences in age distribution, the Latin American
registries still show a higher proportion of cases at younger ages
and a lower proportion at ages 60 and older than women in the
aggregated USA registries. The relative lack of older breast cancer
cases in Latin American registries could be the result of lower
access to mammographic screening in these populations, as
mammography is more effective for women at older ages, with
less dense breasts [20,21]. However, lower detection through
mammography would only have a marginal effect on the lower
proportion of older breast cancer cases we observe in the Latin
American registries, since most breast cancer cases are eventually
detected, although at later stages.

A more plausible explanation for the residual differential
distribution of breast cancer incident cases by age, between the
Latin American and the USA registries, lies in a differential pattern
of age specific incidence rates among them. Results from our age-
period-cohort modelling of incidence rates indicate that, while the
atin America, USA and Canada, obtained by fitting the Age-period-cohort model
re not significantly different from unity, at p < 0.05.



Fig. 4. Estimated birth cohort effects, on breast cancer incidence rates, for registries from Latin America, USA and Canada, obtained by fitting the Age-period-cohort model
proposed by Holford [11]. Dots represent time points where the incidence rate ratios are not significantly different from unity, at p < 0.05.
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incidence rates for the aggregated USA registries are higher than in
the Latin American registries, at both younger and older ages, the
absolute differences in these rates are higher at older ages. In
addition, the lower the cumulative risk is in a Latin American
registry, the higher the absolute differences are in the incidence
rates, with respect to the aggregated USA registries at older ages.

Over the study period, breast cancer incidence rates have been
growing more rapidly in the four Latin American registries and in
Hispanic women from the Los Angles registry than in the
aggregated Canadian and USA registries, as a consequence of
stronger cohort effects in the first. All compared registries show a
peak in incidence for women born during the period 1940 (USA and
Canadian registries) through 1948 (Ecuador-Quito), which proba-
bly reflects the introduction of effective birth control methods,
including hormonal contraceptives, occurring at different times.
Declining fertility produces important changes in exposure to
endogenous hormones, an important risk factor, especially for
postmenopausal breast cancer [22]. The strong cohort effect seen
in the Latin American registries may well be the result, at least
partially, of the declining fertility rates of Latin American women
seen during the second half of the 20th century, and, in the
following decades, it will likely result in an epidemic of
postmenopausal breast cancer in this region, as women born
after 1970 approach older age (Supplemental Fig. 2).

However, over the past several decades, women in the Latin
American region have also been subject to increasingly westernized
lifestyles, associated with higher breast cancer incidence, for instance,
greater alcohol and tobacco consumption, a change in dietary habits
with increasing saturated fat consumption and a greater exposure to
environmental agents [23]. The growing prevalence of obesity seen in
Latin America [24–26] and the consequent greater prevalence of
excess abdominal fat, a risk factor for postmenopausal breast cancer
[27], may also contribute to the strong cohort effect that we observed
in the Latin American registries.

There is a need for more epidemiological studies to evaluate the
etiological role of genetic, lifestyle and environmental risk factors
in Latin America and this should be an important area for future
research [28].

5. Conclusions

The younger age at presentation of breast cancer incident cases
seen in the analyzed Latin American registries, and possibly in
many Latin American countries, is not only attributable to their
relatively young population age structure but also to the low
incidence rates in older women. As more recently born cohorts,
with greater exposure to risk factors for postmenopausal breast
cancer, reach older age, incidence rates will be more similar to the
rates seen in the USA and Canadian registries. This trend, coupled
with population ageing, will make that in the coming decades the
distribution of breast cancer by age in most countries of Latin
America will be more similar to the distribution seen today in the
USA and Canada. In the meantime, the high prevalence of breast
cancer cases occurring at younger ages will continue to be an
important challenge in terms of prevention, early detection,
treatment and survivor care [29–33] for most countries on the
Latin American region, highlighting the need for more research in
these areas.
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