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Abstract

women and to assess mortality trends over 15 years.

Background: Breast cancer (BC) is the most common malignancy in Latin American women, but with a wide
variability with respect to their mortality. This study aims to estimate the mortality rates from BC in Peruvian

Methods: We calculated BC age-standardized mortality rate (ASMR) per 100,000 women-years using the world
standard SEGI population. We estimated joinpoint regression models for BC in Peru and its geographical areas. The
spatial analysis was performed using the Moran’s | statistic.

Results: In a 15-year period, Peru had a mortality rate of 9.97 per 100,000 women-years. The coastal region had the
highest mortality rate (12.15 per 100,000 women-years), followed by the highlands region (4.71 per 100,000 women-
years). In 2003, the highest ASMR for BC were in the provinces of Lima, Arequipa, and La Libertad (above 8.0 per 100,
000 women-years), whereas in 2017, the highest ASMR were in Tumbes, Callao, and Moquegua (above 13.0 per
women-years). The mortality trend for BC has been declining in the coastal region since 2005 (APC =—1.35, p < 0.05),
whereas the highlands region experienced an upward trend throughout the study period (APC =4.26, p < 0.05). The
rainforest region had a stable trend. Spatial analysis showed a Local Indicator of Spatial Association of 0.26 (p < 0.05).

Conclusion: We found regional differences in the mortality trends over 15 years. Although the coastal region
experienced a downward trend, the highlands had an upward mortality trend in the entire study period. It is necessary
to implement tailored public health interventions to reduce BC mortality in Peru.
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Background

Breast cancer is the most common malignancy and the
leading cause of cancer-related death among women world-
wide [1]. In 2018, GLOBOCAN estimated 2.1 million
breast cancer cases in women, accounting for almost 25%
of all cancers [1]. Compared to high-income countries,
breast cancer survival rates are lower in low- and middle-
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income countries (LMICs) [2], due to late diagnosis and in-
adequate access to cancer care [2, 3].

In the last years, breast cancer mortality has experi-
enced downward trends in all Latin American countries
(except Cuba); however, breast cancer continues to be
one of the neoplasms with the highest mortality in Latin
America [4-6]. Between 1980 and 2010, the highest
mortality rates were in Argentina and Uruguay (around
20 deaths per 100,000 women-years), whereas the lowest
rates were in Colombia, Mexico, and Ecuador (around
10 per 100,000 women-years) [4].

According to the GLOBOCAN 2018, breast cancer is
the third cause of cancer death in Peruvian women, with
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an age-standardized mortality rate (ASMR) of 10.3 per
100,000 women [1], mainly affecting women in the
coastal region [6]. However, there are no epidemiological
studies on breast cancer mortality rates and trends from
Peru and its geographical areas in the last years. This
study aimed to estimate mortality rates from breast can-
cer among Peruvian women by geographical areas and
to assess trends over time in Peru and its regions.

Methods

Design and study setting

We retrieved mortality data from the registry of deaths of
the Peru Ministry of Health (MINSA, in Spanish) from the
period 2003-2017:  https://www.minsa.gob.pe/portada/
transparencia/solicitud/. MINSA collects mortality data at
the national level using different sources: 1) all health estab-
lishment records, 2) the Registro Nacional de Identificacion
y Estado Civil, and 3) the Public Ministry [7]. These data
cover the number of deaths for each disease aggregated by
gender into 5 age groups (0-11, 12-17, 18-29, 30-59,
and > 60) as in similar studies in Peru [7, 8]. We aggregated
the 3 first age group in the young (029 years) group and
calculated the age-adjusted mortality rates for the groups
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0-29, 30-59, and > 60. We used the code C50 to identify
deaths from breast cancer, according to the International
Classification of Diseases, 10th Revision [9]. Population de-
nominators were obtained from census data in 2005, 2010,
and 2015, conducted by the National Institute of Statistics
and Informatics, which is the central and governing body of
the National Statistical System, responsible he country’s of-
ficial statistics [10].

Peru has 25 provinces located in three natural regions
delimitated by the Andes mountains: coast, highlands,
and rainforest [11]. The coast is the most densely popu-
lated region (56.3% of the total population) and repre-
sents the 11.7% of the territory [12]. The highlands,
covering 27.9% of the national territory and 29.7% of the
population [11], is a rural and urban high-altitude area
throughout the Andes [12]. The rainforest, or the Peru-
vian Amazon, constitutes 60.3% of the territory, where
14.0% of the total population lives (Fig. 1).

Ethical considerations
This manuscript is based on population databases and
does not use any personal identifiable information. To
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obtain the raw data it was only necessary to fill out a R =100 — (OD/ED) x 100.

form with the applicant’s data through: R = Underreporting rate.
https://www.minsa.gob.pe/portada/transparencia/solicitud/. OD = number of deaths observed for each province.

ED = number of deaths estimated for each province.

Correction of under-reporting

Peru reported a rate of omission regarding the notifica-  Data analysis

tion of the cause of death of 46%, ranging between 19%  With information on the number of deaths, corrected for

(province of Ica) and 78% (province of Loreto) [13]. The the underreporting rate, we calculated age-standardized

variable degree of coverage in the register of deaths from  mortality rates per 100,000 women-years using the world

one province to another was corrected from 2003 to standard SEGI population [14]. We analyzed mortality

2017 to be the known underreporting rate for each prov-  trends using the joinpoint regression program, version

ince, as a previous study [8]: 4.7.0 [15, 16]. This model identified significant changes in

Table 1 Breast cancer deaths and mortality rates in Peru and its geographical areas from 2003 to 2017

Geographical Deaths® Mortality rates®

areas Uncorrected Corrected Uncorrected Corrected

Peru 13,059 20,541 6.30 9.97

Regions
Coast 11,466 16,905 8.21 12.15
Highlands 1229 2498 2.33 4.71
Rainforest 364 1138 248 794

Provinces
Amazonas 66 253 2.80 1091
Ancash 215 455 2.66 567
Apurimac 33 80 113 2.74
Arequipa 649 932 6.96 10.06
Ayacucho 56 139 1.39 345
Cajamarca 219 551 2.22 557
Callao 720 915 9.87 12.64
Cusco 173 372 201 427
Huancavelica 30 62 1.14 240
Huanuco 154 301 3.02 587
Ica 484 559 873 10.10
Junin 320 552 3.71 6.40
La Libertad 950 1365 7.57 10.99
Lambayeque 812 1030 897 1146
Lima 6518 9896 9.08 13.83
Loreto 85 386 1.83 832
Madre de Dios 23 31 367 513
Moquegua 72 107 6.09 9.06
Pasco 49 104 2.77 593
Piura 840 1310 7.12 11.18
Puno 195 336 2.11 361
San Martin 119 326 2.75 7.56
Tacna 123 184 6.52 9.75
Tumbes 83 146 7.09 12.19
Ucayali 71 142 269 5.30

#Cumulative deaths for a 15-year period (2003-2017)
PAge-standardized rates per 100,000 women-years
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trends, to identify the occurrence of possible joinpoints,
allowing a minimum of zero joinpoints and a maximum
of three joinpoints. For each time trend identified by the
model, we estimated the annual percentage change (APC)
[16]. We considered APCs statistically significant at a p-
value <0.05. For the provinces with more than 2 join-
points, the average annual percentage changes (AAPC)
were calculated. The significance levels utilized are based
on the Monte Carlo permutation model and the calcula-
tion of the annual percentage change of ratio, utilizing the
logarithm of the ratio [16, 17].

The GeoDA software was used to assess the spatial distri-
bution [18]. The spatial analysis was performed using the
Moran’s [ statistic and the Local Indicator of Spatial Associ-
ation (LISA), which assess whether mortality rates are clus-
tered, dispersed, or random. The spatial representation was
made using Moran’s local index known as LISA, this spatial
typology consisted of five categories of health regions: (i)
clusters with high breast cancer mortality rates surrounded
by provinces with higher than average rates (‘high—high’);
(ii) clusters with low breast cancer mortality rates sur-
rounded by provinces with higher than average rates (‘low—
high’); (iii) clusters with low breast cancer mortality rates
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surrounded by provinces with lower than average rates
(‘low—low’) (positive autocorrelation); (iv) clusters with high
breast cancer mortality rates surrounded by provinces with
lower than average rates (‘high—low’)]; and (v) ‘not signifi-
cant. Values of Moran’s I range approximately from 1
(positive spatial autocorrelation, perfect grouping of similar
rates) to 1 (negative spatial autocorrelation, spatial disper-
sion). We used a reference distribution using 999 random
permutations to indicate statistical significance.

Results
In the 2003-2017 period, we estimated 20,541 cumulative
deaths from breast cancer in Peruvian women. The aver-
age mortality rate (per 100,000 women-years) over 15
years was of 9.97, in Peru. According to its regions, the
coastal region had the highest rate (12.15), followed by the
highlands (4.71), and the rainforest (7.94) regions. The
provinces with the highest mortality rates in the overall
period were Lima, Callao, and Tumbes, while the lowest
rates were in Apurimac and Huancavelica (Table 1).
Figure 2 shows age-standardised mortality rates (ASMRs)
for breast cancer from 2003 to 2017 in Peru and its 25
provinces. The ASMRs only declined in three provinces,
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Arequipa (from 9.3 to 8.9), Ucayali (from 5.6 to 4.7),
and Madre de Dios (from 4.6 to 3.7). Seven coastal
provinces (Tumbes, Lima, Callao, Moquegua, La Lib-
ertad, Ica, and Lambayeque) had higher mortality
rates compared to the average rate of Peru in 2017
(dashed line in Fig. 2).

Figure 3 shows the mortality trends for Peru and its re-
gions between 2003 and 2017. The joinpoint analysis iden-
tified an initial upward trend in Peru (APC = 19) between
2003 and 2005, followed by a downward trend since 2005
until 2017 (APC=-0.5). Similarly, the coastal region
showed an annual increase of 20.2% from 2003 to 2005,
and then start to significantly decrease until 2017 (ACP =
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-1.35, p<0.05). In contrast, both the highlands (APC =
4.26, p<0.05) and rainforest (APC =1.62) regions had a
steady mortality increase over the study period.

Table 2 displays the age-standardized mortality rates for
breast cancer per 100,000 women-years in the Peruvian
provinces and its AAPC, between 2003 and 2017. The high-
est rise were in Puno (from 1.39 in 2003 to 6.24 in 2017,
AAPC=6.2, 95%CI: 3.0 to 9.6%), Tumbes (from 6.41 in
2003 to 19.58 in 2017, AAPC = 1.3, 95%CI: — 7.5 to 11.0%),
and Junin (from 3.16 in 2003 to 7.92 in 2017, AAPC = 6.7,
95%CL: 3.4 to 10.2%). Moreover, Ancash and Apurimac
provinces also showed upward mortality trends. Ancash
had an increase from 5.93 to 8.31 (AAPC = +4.1, 95% CI:
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20

= 2003-2005 APC =19.00
— 2005-2017 APC =-053

Mortality rates per 100,000
S

2002 2006 2010 2014 2018

Calendar Years

Highlands

20

= 2003-2017 APC =4.26"

Mortality rates per 100,000
=

2002 2006 2010 2014 2018

Calendar Years
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Table 2 Age-standardized (world population) mortality rates
per 100,000 women from breast cancer in Peruvian provinces,
2003 and 2017, corresponding percent changes (2017 vs 2003),
and its Average Annual Percentage Changes

Provinces 2003 2017 %change 2003/2017 AAPC(95% CI)
Amazonas 356 504 4151 24(=6.5,12.1)
Ancash 593 831 3999 4.1(0.7,75)
Apurimac 115 196  70.16 9.2 (16,172)
Arequipa 932 895 -403 -08(-28,1.2)
Ayacucho 182 246 3511 29(-24,84)
Cajamarca 515 804 5599 3.3(-0.2, 6.8)
Callao 770 1403 8224 42(=2.2,11.1)
Cusco 320 557 7389 1.3(-3.1, 6.0)
Huancavelica 127 245 9230 -1.3(=95,7.7)
Huanuco 301 698 13205 21(=32,73)
Ica 668 1107 6583 2.7(=10, 64)
Junin 316 792 15061 6.7 (34,10.2)
La Libertad 815 1163 4271 1.3(=04, 3.1)
Lambayeque 712 1040 46.3 -0.1(=3.1, 3.0)
Lima 1062 11.14 486 0.7(=19, 34)
Loreto 297 661 12246 25(-69,128)
Madre de Dios 462 370 —1981 0.3(—84, 9.8)
Moquegua 707 1317 8632 04 (=7.7,9.2)
Pasco 275 529 9246 23(-64,119)
Piura 748 875 1693 14(-0.8, 3.6)
Puno 139 624 34899 6.2 (3.0, 96)
San Martin 391 732 8743 33(-17, 86)
Tacna 680 881 2955 —14(-54,28)
Tumbes 6.41 19.58 205.32 1.3(=7.5,11.0)
Ucayali 563 469 —1665 —33(-7.8,1.5)

AAPC Average Annual Percent Change

0.7, 7.5); Apurimac increased from 1.15 to 1.96 (AAPC = +
9.2,95% CI: 1.6, 17.2).

Figure 4 shows significant clustering and spatial outliers
in the map according to the breast cancer mortality rates.
A statistically significant cluster for “High-High” (red) oc-
currence was detected in Callao province, while “Low-
Low” (blue) were identified in 3 provinces (Madre de
Dios, Cusco, and Ayacucho), which had low rates, also
surrounded by provinces with lower than average rates.
Spatial analysis showed a LISA for provinces breast cancer
mortality rates of 0.26 (p < 0.05).

Discussion

We report the mortality rates of breast cancer over 15
years, with their trends using joinpoint regression models,
and spatial analysis for Peru and its geographical areas.
Our study showed stable trend in breast cancer mortality
in Peru over the last two decades, but with differences
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across its regions. The coastal region showed the highest
mortality rates in the analysed period, whereas the high-
lands region, despite having the lowest rates, experienced
an upward trend.

The mortality rates increased during the first years of the
study, probably due to an improvement in diagnosis and
certification of deaths in various provinces of Peru [19]. In
addition, in some provinces, the rates were so low that they
likely represent underreporting of mortality. However, it is
plausible that data quality has increased in last years [19].

Our findings differed from other areas of the world
(most countries from Western Europe, North America, or
some other Latin American countries) [5, 6, 20]. A study
on breast cancer mortality trends and predictions for 2020
in the Americas and Australasia, including 7 Latin Ameri-
can countries [20], reported between 2000 and 2004, the
highest mortality rates (per 100,000 women-years) in
Argentina (19.75) and Uruguay (21.6), whereas Colombia
(9.68) and Mexico (9.03) had the lowest mortality rates,
with stables rates, and further expected 10% reduction in
the overall rates for 2020. Peru is, therefore, among the
countries with the lowest rates in the region.

Several factors influence the variations in breast cancer
death certification across Latin American countries. These
factors include a high burden of locally advanced/ad-
vanced breast cancer, inadequate access to healthcare re-
sources, deficient access to specialized cancer care, and
insufficient research [21]. Peru has a fragmented health-
care system with five major providers that have independ-
ent system structures and offer healthcare through
different plans. Furthermore, approximately 25% of the
population is uninsured [22] and lacks access to early
diagnosis [23]. For instance, mammography has been re-
ported more frequently among women with higher educa-
tional status, greater economic income, and living in
major urban cities of the country with easier access to
healthcare [24]. A persistent problem in Peru is the diag-
nosis at a late stage in one-third of breast cancer cases.
Justo et al. reported that 32—33% of the patients had stage
III at diagnosis, while 7-16% had stage IV [3]. These fac-
tors probably affect breast cancer case fatality, but without
information on the incidence, it is difficult to assess the
impact of these factors on mortality.

The coastal region had the highest mortality rates for
breast cancer, principally in the Lima and Callao prov-
inces, but over recent years showed downward trends.
This region has the lowest poverty rates compared to the
highlands or the rainforest [25] and the highest proportion
of the oncological workforce (72% of clinical oncologists
and 85% of radio-oncologists) [26]. Therefore, the popula-
tion living on the coast has higher access to healthcare
and better cancer detection, positively affecting mortality.

There are other possible explanations for the differ-
ence in mortality rates in the coastal region, such as
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racial differences [27], a higher percentage of obesity [28],
higher alcohol consumption [29], and genetic susceptibil-
ity [30, 31]. In fact, the coastal region has the highest pro-
portion of black women [32], mainly in the North and
Centre. Also, several studies have reported a high preva-
lence of triple-negative breast cancer (TNBC) in Peruvian
women [33, 34], with most cases identified in the coastal
region [34]. Moreover, the women of the rainforest region
were more likely to be diagnosed with TNBC compared to
women of the highland region (31% vs. 14%), where the
risk of mortality was 1.7 times higher in women of the
rainforest [35]. It has been suggested that the distribution
of breast cancer subtypes is due to the proportion of indi-
genous women in the two regions of Peru [35].

The Peruvian government made serious efforts to im-
prove early detection, diagnosis, and treatment for cancer
in the early 2010s. The Plan Esperanza aimed to decentral-
ise healthcare to all the provinces, improve cancer screen-
ing, and provide treatment at a lower cost [36]. This
practice tends to increase the diagnosis of cancer, because
of better detection, which consequently increases the mor-
tality rates. Hence, the higher mortality rate in the period
2013-2017 may reflect the effect of the Plan Esperanza, es-
pecially in the highland provinces. However, it is still too
soon to observe a benefit from this nationwide program on
mortality reduction. Other efforts have begun to establish
an effective model in low resource areas, such as training
health promoters for community outreach, training

professionals to perform fine-needle aspiration biopsy sam-
pling, and ensuring that patients adhere to treatment regi-
mens [37]. These strategies will become part of the national
strategy to reduce mortality from breast cancer since
optimal access to care and early diagnosis and treatment
are crucial for mortality control [38]. Besides, a cost-
effectiveness analysis of breast cancer control interventions
in Peru [39] showed that the current program could be im-
proved by implementing triennial or biennial screening
strategies. Such a strategy would offer critical treatment to
cases detected in the early stages and, consequently, to offer
higher quality health coverage to the population.

Limitations and strengths

This study has several limitations: 1) the lack of a high-
quality national death registration. However, the calculation
was made with correction for underreporting, informed by
the Ministry of Health. 2) The absence of a National Can-
cer Registry that provides nationwide incidence data. Inter-
preting mortality without incidence data in each province,
could lead to a bias of interpretation of results. The Lima
Metropolitan Cancer Registry (collecting data from Lima,
capital from Peru) and the Arequipa Population Cancer
Registry are the only cancer registry active in Peru, although
have not reported data in quite a long time. 3) Although
the SEGI world standard population was used, it is not
really comparable to the SEGI standardized mortality rates
from other countries, as the normal SEGI population used
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18 age-groups, versus only 3 broad age groups (0-29, 30—
59, and > 60) in this study. These very broad age groups
can still hide substantial ageing of the population and there-
fore are not really comparable to rates of other countries.
As a strength of our work, this is the first large scale study
for Peru and its geographical areas that evaluated the
changes in breast cancer mortality.

Conclusion

Our study showed a stable mortality trend of breast can-
cer in Peruvian women. Moreover, their rates still have
lower compared to other Latin American countries. The
highest mortality rates from breast cancer were observed
in the coastal region, but a recent downward trend was
observed since 2005. Also, increasing mortality trends
were seen in the highland region. The disparities may be
related to variable death certification validity, the access
to early diagnosis, and treatment for breast cancer. Tai-
lored public health interventions to reduce breast cancer
mortality should be implemented in Peru.
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