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Abstract

Introduction: Breast cancer (BC) is one of the most common cancers in women worldwide and in Chile. Due to the lack of a Chilean
national cancer registry, there is partial information on the status of breast cancer in the country.
Aims: To study inequities in BC health care outcomes for Chilean women, including case fatality rates and survival rates in Chilean women,
strati�ed by type of health care insurance provider and geographical area. A secondary goal is to estimate breast cancer incidence and
mortality rates by health care providers and region.
Methods: We used two public anonymized databases provided by the Department of Health Statistics and Information of the Ministry of
Health: the national death and hospital discharges datasets. For calculations of incidence and mortality rates, we selected all patients whose
primary diagnosis was breast cancer, according to the CDI-10 diagnostic code. For survival analysis, we used the Kaplan Meier product–limit
estimator with a 95% con�dence interval and the Cox proportional hazards model for studying the e�ects of covariates with null–hypothesis
signi�cance testing of ? > 0.001.
Results: We considered a cohort of 58,254 and 16,615 BC hospital discharges and deaths for the period 2007–2018. The new cases of BC
increased by 43.6%, from 3,785 in 2007 to 5,435 in 2018. Total BC deaths increased by 33.6% from 1,158 to 1,547 during the same time
period. Age–adjusted incidence rates were stable over time, with an average rate of 44.0 and a standard deviation of 2.2 during the study
period. There were considerable di�erences in age–adjusted incidence rates among regions, with no clear geographical trend. Women
a�liated to a private provider (ISAPRE) have an average age adjusted incidence rate of 60.6 compared to 38.8 for women a�liated with the
public provider (FONASA). Age–adjusted mortality rates did not change signi�cantly during the study period, with an average of 10.5 and a
standard deviation of 0.4. The national fatality rate has remained relatively constant over time, with a mean of 26.8 and a standard deviation
of 1.1. However, women a�liated with ISAPRE had a considerably lower fatality rate during the period under study, with an average of 15.7
compared to 27.5 for women a�liated with FONASA. The 95% con�dence intervals for the one-year survival rate were [0.931 ± 0.002] for
FONASA, [0.972 ± 0.003] for the ISAPRE patients, and [0.940 ± 0.002] when considering all women combined. The 95% con�dence intervals
for the �ve-year survival rates were [0.806 ± 0.004], [0.901 ± 0.007], and [0.827 ± 0.004] for FONASA, ISAPRE and all women, respectively.
Women from the Metropolitan region have higher survival rates than women from other regions. Survival rates obtained using the Cox
proportional hazards model have a similar behavior to those obtained by the Kaplan–Meier estimations.
Discussion: Despite the inclusion of breast cancer within the set of pathologies selected for the GES plan in 2005 with the goal of providing
greater equity for all patients, there are still signi�cant di�erences in case fatality and survival rates for patients a�liated with a private
provider compared to those in the public system, a choice that is directly associated with socioeconomic level. The same disparity is observed
between patients in the Metropolitan and other regions. Further studies are required to determine the causes of these disparities, such as
di�erences in compliance with screening recommendations and general health status.
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1 Introduction

Breast cancer (BC) is one of the most common cancers in women worldwide, with 2.26 million new cases and 685 thousand deaths
globally in 2020 and 7.8 million women alive with breast cancer diagnosed in the past 5 years [1]. In 2020, age-standardized world breast
cancer incidence and mortality rates were 47.8/100,000 and 13.6/100,000 women, respectively [2], while the �gures reported for Chile by the
Ministry of Health (Minsal) for 2018 were 44.1/100,000 and 11.3/100,000 women for incidence and mortality rates, respectively [3, 4].

The Chilean health care system consists of a hybrid of public and private insurance plans as well as providers. The three main insurance
systems are the National Health Fund (FONASA) for 78% of the Chilean population, private health care insurers (ISAPREs) for 14% of the
Chilean population, and the Military and Police Forces’ health system for 3% of the Chilean population. The remaining 5% of the population
either has no health care insurer or their insurance status is unknown. Privately insured patients can solely access private providers, with a
variety of coverage, depending on their health care plan and monthly payments. On the other hand, FONASA patients – paying, on average,
a lower monthly price compared to those in the private system, might access public and private hospitals, depending on the health care plan
within FONASA, with di�erent amounts of copayments. Thus, the FONASA has four di�erent segments of patients (A, B, C, and D), with A
and D being those plans with the lowest- and highest- income patients, respectively. FONASA also provides coverage for attending private
health centers to patients from the B, C and D segments [5].

The selection of the health care provider is determined mainly based on the individual’s economic income [6, 7]; as a consequence,
profound inequalities in terms of quality of life and education, among others, have existed between users of the private and public a�liates.
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Health care indicators have been signi�cantly better for those with private health insurance compared to those for publicly insured patients.
For example, in 2017, 27.8% of FONASA a�liates declared having problems obtaining health care, while this percentage decreased to 12.6%
for ISAPRE a�liates [8].

Consequently, as an e�ort to provide better health care services for all citizens, in 2004, Chile implemented a profound health reform, the
Explicit Health Guarantees (GES), which aimed to achieve a more equitable and fairer system [9]. The objective of this reform was to ensure
access, quality, opportunity and �nancial protection all Chilean citizens requiring care for a set of most common pathologies to all Chilean
citizens. Due to budget constraints, the program started in 2005 with 25 pathologies, including breast cancer (for people aged 15 years and
over with suspected, diagnosed or recurrent breast cancer), and has gradually grown to currently cover 85 pathologies. As stated by the
Ministry of Health, Pedro García, in 2005, the GES plan will mean a qualitative leap toward greater equity in the health care sector, and the
country will enter "a path of no return toward greater dignity for the citizens of our country and for that we are proud" [10]. Seventeen years
after its implementation, there is a great deal of important evidence that the GES plan has partly reached the goals of opportunity, with 92.8%
of services requested in 2017 ful�lled within the expected time [11], and is constantly monitoring the quality of health care centers [12]. In
terms of access, among people from the FONASA who received health care in 2017, 27.8% reported having received health care with some
access di�culty, while the remaining 72.2% received health care without access di�culties. The same �gures for ISAPRE a�liates are 12.6%
and 87.4%, respectively [8].

However, to the best of our knowledge, there are no studies showing the e�ectiveness of the GES plan in terms of health care outcomes
such as survival and case fatality (mortality/incidence) rates. In particular, the focus of this paper is to study whether the inclusion of breast
cancer in the GES program, including these four guarantees for all women, has resulted in a reduction (or elimination) of the gap in health
outcomes, including case fatality (CFR) and survival rates among Chilean women. To achieve this objective, reliable data for new cases
and deaths due to breast cancer are needed to estimate both case fatality and survival rates. Unfortunately, in Chile, there is no national
cancer registry, and thus, incidence rates have been estimated based on projections on the number of breast cancer cases diagnosed from
1998 to 2012, with follow-ups until 2015, from four regional population-based registries (Antofagasta and Los Ríos regions and Concepción
and Biobío provinces). The estimates for the rest of the country and from 2013 onward are based on statistical models, with assumptions
such as a constant fatality rate across regions and over time, and in some instances, using neighboring country data [3, 13]. However, these
assumptions might lead to unreliable estimates when ignoring signi�cant di�erences in ethnicity, urbanization, socioeconomic composition
and health coverage among regions [8, 14–16] and advances in breast cancer treatment over time. Therefore, fatality rates might largely vary
among regions due to di�erences in incidence as well as in mortality rates and over time due to, for example, decreases in mortality rates.

On the other hand, mortality rate estimates are much more reliable because of the existence of a high-quality national death registry that
includes a series of demographic variables along with the cause of death of every decedent in Chile. The death registry has been used in
studies such as those by Icaza, Nuñez and Bugueño [17], where the authors exploit the potential of this registry by studying breast cancer
mortality, including ecological analysis by sociodemographic variables.

Thus, the primary goal of this paper is to study inequities in breast cancer outcomes such as lethality and survival rates in Chilean
women, strati�ed by type of health care insurance provider and geographical area. The lack of reliable incidence rate estimates has led to a
secondary objective for this study, which is the estimation of breast cancer incidence and mortality rates using an alternative methodology,
based on a complete anonymized public database of national registry of hospital discharges, which includes information and diagnosis at the
patient level, and the national death registry, with primary and secondary causes of death through a unique ID classi�cation, compiled by
the Department of Health Statistics and Information (DEIS) of the Ministry of Health.

2 Methods and Materials

Ethics statement
This work used publicly available data from the Chilean Ministry of Health through the Department of Health Statistics and Information.

All data were protected, and personal information was anonymized; therefore, no consent from participants was needed.

2.1 Data

Two public anonymized databases were provided by DEIS. The �rst is the National Death Registry, which includes 2,549,800 deaths from
January 1990 to December 2018. For each death entry in the registry, the patient’s ID (identifying code), date of birth, date of death, gender,
town and region of residence, marital status, occupation and cause of death code according to the International Statistical Classi�cation of
Diseases and Related Health Problems (CDI-10) were available. There were 2,984 death registries without an ID, which corresponds to 0.1%
of the complete database. The second database includes all discharges from public and private health care facilities in the country, which
consists of 32,443,591 registries from January 2001 to December 2020. Each registry has 39 �elds, such as the patient’s ID (same as the national
death database), date of birth, gender, town and region of residence, ethnicity, health insurance, length of stay, condition at discharge, and
primary and secondary diagnoses according to CDI-10 classi�cation, among others.

Inclusion and exclusion criteria
The cohort for our study corresponds to all women who were diagnosed with breast cancer from 2007 to 2018. First, we chose 2007 as

the starting year to guarantee that the �rst discharge in the database is, in fact, the time of diagnosis. Thus, all women with breast cancer
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discharges from 2007 onward, but none from 2001 to 2007, were included as newly diagnosed patients. Second, we did not include data from
2019 onward because it is not reliable due to the political and social uprising in Chile (October–December 2019) [18] and the COVID-19
pandemic, which largely in�uenced hospital discharges and deaths. Accordingly, we considered the same period of time for the national
death registry.

A discharge or death registry is considered to correspond to breast cancer if its CDI-10 diagnostic code belongs to the categories C50 and
D05 (malignant neoplasm of breast and carcinoma in situ of breast, respectively).

For calculations of mortality rates, we selected all females whose cause of death was directly associated with breast cancer from the
2,549,800 registries in the mortality database, resulting in 16,615 BC deaths after removing 18 death registries with missing IDs, during the
study period.

Total # of BC deaths: 16,615
Total # ID's:                16,615

Total # of deaths:   2,549,800
Total # ID's:           2,546,816

Total # of BC deaths:  16,633
Total # ID's:             16,615

Deleted entries with missing IDs.

Selected female deaths with a primary code of
breast cancer between 2007 and 2018.

Figure 1: Inclusion and exclusion criteria for the breast cancer death database (2007–2018).

Total # of BC discharges:  99,554
Total # ID's:              58,254

Total # of BC discharges:   100,258 
Total # ID's:                        58,805

All female discharges were selected.

Corrected inconsistent gender records. **

Total # of BC discharges:   100,379 
Total # ID's:                        58,914

Total # of BC discharges: 103,750
Total # ID's:                        58,914

Total # of BC discharges: 165,912 
Total # ID's:          85,386

Added discharges from other diagnoses related
to breast cancer. *

Selected cohorts from 2007 until 2018.

Deleted entries with missing IDs.

Total # of BC discharges:  154,379
Total # ID's:                         84,167

Selected discharges with a primary code of
breast cancer.

Total # of discharges:   32,443,591
Total # ID's:             22,427,334

Figure 2: Inclusion and exclusion criteria for the breast cancer hospital discharge database (2007–2018).
* Several diagnoses were included considering health problems that could arise due to breast cancer progression or its
treatment for patients who died due to breast cancer. See appendix A for further explanation.
** There were patients with records who identi�ed them both as male and female. It was considered that this was an error
from the database; therefore, it was corrected.

For calculations of incidence rates, we selected all patients whose primary diagnosis was breast cancer from the 32,443,591 hospital
discharges, resulting in 154,379 discharges. There were 5,230 deaths that did not have a C50 and D05 discharge in the resulting database
including 154,379 discharges. Thus, a set of diagnoses related to breast cancer was considered for such patients (see Appendix A for a detailed
explanation), leading to a total of 165,912 breast cancer-related discharges. Then, the cohorts from 2007 until 2018 were selected, resulting in
103,750 records corresponding to 58,914 patients. Out of the 103,750 discharge registries, there were 3,371 with a missing ID. Hence, we do
not know if these discharges are associated with new patients or with those already in the cohort of 58,914 patients. Thus, discharge records
with missing IDs were removed from the database. However, a sensitivity analysis regarding these registries is performed in the Results
section. From the remaining 58,914 patients identi�ed by their IDs, there were 987 patients who had inconsistencies in their gender, i.e.,these
patients had hospital discharges where they were identi�ed both as male and female patients. These gender inconsistencies were corrected
by considering the gender information from the mortality database and considering the mode of all records associated with such patients.
Thus, the gender of 815 people was corrected in the discharges database, while 109 cases for which the mode was inconclusive were deleted.
Finally, all female patients were selected, resulting in a total of 99,554 discharge records, corresponding to 58,254 patients, with an average of
1.7 discharges per patient. Figures 1 and 2 summarize the inclusion and exclusion criteria for the death and discharge databases, respectively.
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2.2 Methods

We calculated both crude and age adjusted incidence and mortality rates for breast cancer at the national and regional levels. Population
estimates and projections provided by the Chilean National Institute of Statistics (INE) [19, 20] were used. For the age-standardized incidence
and mortality rates, we used the International Agency for Research on Cancer standard population [21]. We also calculated crude and age-
standardized incidence and mortality rates by year, health insurer (public and private systems), and geographical region.

The female population a�liated with the public health system was obtained using the data provided by the FONASA in its yearly statistical
bulletin, which is available online from 2009 onward [22]. Prior to this, FONASA bulletins had incomplete information, without segmentation
by age intervals or gender. Therefore, we used linear regression to estimate the 2007 and 2008 populations from the available data. Information
from the private health system bene�ciary population was obtained using the data provided by the Health Superintendence in its yearly
statistics publication for ISAPRE’s bene�ciaries [23].

Case fatality rates, i.e., the percentage of people who died as a fraction of the newly diagnosed per year, were calculated for each year
and strata (region and health care system) as Crude Mortality\Crude Incidence.

For the survival analysis, we used the standard estimator of the survival function proposed by Kaplan and Meier [24], namely, the
product-limit estimator, considering right-censored data. In our study, censored data consisted of breast cancer patients who either died of
other causes during the timeline of the study or survived from then on. To estimate survival, we considered time-on-study survival as our
variable of interest, or equivalently, the time from the �rst breast cancer diagnosis to death. Without loss of generality, we measured time
in months, and therefore, the survival time was recorded as months di�erence; for example, a patient diagnosed by 1/1/2007 who died on
01/31/2007 had a 0 month survival, while a patient diagnosed by 1/31/2007 that died on 2/01/2007 had a one month survival. The Kaplan-Meier
survival curves shown with their 95% con�dence intervals in the Results section.

Finally, we used the Cox proportional hazards model to study the e�ects of covariates [25]. We used health insurance provider, age,
year of discharge, region of residence and FONASA bene�t segments as covariates. These covariates were processed, transforming some of
them into dummy variables, resulting in a total of 26 covariates from which to select those relevant for the model. Selection was based on
Akaike’s information criterion [26] and on the p value for each variable’s signi�cance (p<0.001). See Appendix D for a description of the
model selection procedure.

Management of death data without hospital discharges
There were 4,011 IDs from the death database during the study period without an associated breast cancer discharge, and therefore, the

time of diagnosis was unknown. In Table 1, column Death without discharge shows the distribution of these cases by year, with an average
of 334 deaths by year with a standard deviation of 20.6. The fact that the number of deaths is stable over time implies that any assumption
regarding the time of diagnosis would lead to similar estimates for yearly incidence rates. Hence, for computational purposes, we assumed
that this set of 4,011 women had a random survival between one and twelve months. When generating such a random survival period, 3,839
out of the 4,011 cases had an incidence within the 2007–2018 period. This adds 3,839 registries to the discharge database, obtaining a total of
62,093 diagnosed patients.

We also note that for these 4,011 deaths, women have a mean age of death of 75.4, which is 9 years older than the average age of all deaths
(66.1). Additionally, out of the 4,011 deaths, there are 2,418 with a discharge for causes other than breast cancer in the discharge database.
For those patients, we retrieved their health care insurance (which is not included in the death certi�cate), resulting in 81.6% a�liated with
FONASA, 7.0% a�liated with ISAPRE, 2.0% a�liated with Armed Forces, and the remaining 9.4% having no health care insurance or it was
unknown. The three most repeated diagnosis categories were "pneumonia, unspeci�ed organism," "cholelithiasis" and "heart failure." Thus,
these women are older and sicker, which might explain why they died without being hospitalized due to breast cancer treatments.

Table 1 shows number of deaths, average age of death, and standard deviation by year. The last two columns show the percentage of
deaths that do not have a corresponding breast cancer discharge registry, this is, these patients died without hospitalization due to breast
cancer, and their average age at death with standard deviation by year. Table 2 shows the number of newly diagnosed breast cancer cases,
with the average age of diagnosis and standard deviation.
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Total Deaths Deaths without discharge*
Year Cases Mean Age (std) Cases(%) Mean Age (std)

2007 1,158 65.4 (15.6) 28.2 73.6 (14.8)
2008 1,228 65.3 (15.6) 29.2 72.8 (15.1)
2009 1,337 65.8 (15.6) 24.8 75.5 (15.0)
2010 1,298 64.9 (15.6) 24.3 73.8 (15.3)
2011 1,349 66.2 (15.5) 22.4 75.2 (15.0)
2012 1,371 66.4 (15.6) 23.2 74.9 (15.2)
2013 1,391 65.8 (15.6) 24.5 75.9 (14.7)
2014 1,424 66.3 (16.0) 22.9 75.9 (15.2)
2015 1,512 66.5 (15.6) 23.1 76.5 (14.4)
2016 1,492 66.4 (15.3) 21.2 76.4 (14.7)
2017 1,508 66.8 (15.3) 24.3 76.7 (14.9)
2018 1,547 67.1 (16.0) 23.3 77.0 (14.5)

Total 16,615 66.1 (15.6) 24.1 75.4 (14.9)

Table 1: Total breast cancer deaths and percentage of breast cancer deaths without breast cancer discharge by year for
the period 2007 – 2018.
* Women died due to breast cancer, but there were no hospital discharges associated with a breast cancer diagnosis. For the
calculation of incidence, it is assumed that these women had a random uniform survival period between 1 and 12 months.

Year New cases Mean Age (std)

2007 3,785 57.4 (14.1)
2008 3,938 57.5 (14.1)
2009 4,576 57.3 (13.9)
2010 4,415 57.9 (14.1)
2011 4,685 57.7 (14.0)
2012 4,995 57.3 (13.8)
2013 5,172 57.7 (13.7)
2014 4,932 58.1 (13.7)
2015 5,427 57.8 (13.6)
2016 5,569 57.5 (13.8)
2017 5,325 58.1 (14.0)
2018 5,435 58.1 (13.9)

Total 58,254 57.7 (13.9)

Table 2: New breast cancer cases by year for 2007 – 2018.

3 Results

The number of new breast cancer diagnoses increased by 43.6%, from 3,785 in 2007 to 5,435 in 2018. Total breast cancer deaths increased
by 33.6% from 1,158 to 1,547 during the same period of time. We noticed a slight increasing trend in the mean age at death, with a 2.6% growth
from 65.4 to 67.1, while there was no signi�cant change in the mean age at diagnosis. We noted that the female population in Chile grew
13.3% from 8,390,194 to 9,506,921 from 2007 to 2018. According to these records, each woman had an average of 1.67 hospital discharges per
patient. In what follows, the results of incidence, mortality, fatality and survival rates are shown.

3.1 Incidence rates

As explained in Subsection 2.2, incidence rates are calculated based on a set of 62,093 patients. In total, 58,254 patients were identi�ed
through the discharge registries plus the 3,839 breast cancer death registries without a discharge registry. Figure 3 shows both crude and
age–adjusted incidence rates (cases/100,000 women). We observe that the crude incidence rates are higher than the age–adjusted rates and
have a growing trend over time, with an increase of 19.7%, from 49.2 in 2007 to 58.9 in 2018. The age–adjusted rates are stable over time, with
an average rate of 44.0 and a standard deviation of 2.2 during the study period.
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Figure 3: Crude and age–adjusted incidence rates by year (cases/100,000 women).

It is important to note that there were 3,371 discharge registries that were deleted for having no ID and, therefore, it cannot be determined
if these registries correspond to patients who have been already identi�ed in the cohort or if they correspond to new diagnoses. To evaluate
the impact of these cases on the incidence estimates, we considered two possible scenarios. First, we considered the worst–case scenario,
where all 3,371 registries are new breast cancer diagnoses. Table 3 shows the crude incidence rates calculated, accounting for each of these
registries as a new diagnosis. Table 4 shows a more likely scenario, where some of these discharges do not belong to a new patient. Women
from the resulting database had an average of 1.67 hospital discharges; then, as a more likely scenario, we considered that there is a newly
diagnosed patient for every 1.67 discharges with missing IDs.

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Registries with missing IDs 1286.0 528.0 276.0 241.0 225.0 245.0 206.0 164.0 28.0 28.0 47.0 97.0
Crude Incidence 64.5 56.8 60.4 57.4 59.7 62.7 63.8 60.2 63.2 64.6 61.4 59.9
Variation (%) 23.8 11.0 5.3 4.8 4.3 4.4 3.6 3.0 0.5 0.5 0.8 1.7

Table 3: Registries with missing IDs and crude incidence rates (cases/100,000 women) calculated considering these as new
cases (worst case scenario). The last row shows the variation between these crude rates and those shown in Figure 3.

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Registries with missing IDs 772.0 317.0 166.0 145.0 135.0 147.0 124.0 98.0 17.0 17.0 28.0 58.0
Crude Incidence 58.4 54.3 59.1 56.3 58.6 61.6 62.9 59.5 63.1 64.4 61.2 59.5
Variation (%) 15.8 6.9 3.3 3.0 2.6 2.7 2.2 1.8 0.3 0.3 0.5 1.0

Table 4: Registries with missing IDs and crude incidence rates (cases/100,000 women) calculated considering only a portion
of these as new cases (likely scenario). This equals one new diagnosis every 1.67 discharges. The last row shows the
variation among these crude rates and those shown in Figure 3.

There was a large number of registries with missing IDs in 2007, accounting for more than a third of all registries with missing IDs. The
years prior to 2007 also show a large number of discharges with missing IDs, with a yearly average of 1,820 for the 2001-2006 period. This
may be due to registration errors during the �rst years that were corrected, resulting in a much lower number of missing IDs in the later
years of the period.

As expected, the crude incidence rates obtained in both cases are higher than those shown in Figure 3, with the highest di�erences in 2007
and 2008. In the worst–case scenario, apart from these two years, all variations are lower than 5.3%. The mean crude rate from 2007–2018
was 61.2/100,000 women, with a standard deviation of 2.6. The mean crude incidence rate previously found is 57.9/100,000 women, with a
variation between the two crude rates of 5.3%, which represents an upper bound considering the worst–case scenario for the error on the
estimates shown in Figure 3.

In the more likely scenario shown in Table 4, in addition to 2007 and 2008, all crude rates have a variation lower than 3.3%. The mean
crude rate from 2007–2018 was 59.9/100,000 women, with a standard deviation of 2.9. This represents a variation with respect to the mean
crude rate found in Figure 3 of 3.3%, which represents an upper bound considering a more likely scenario for the error.

There are considerable di�erences in age–adjusted incidence rates among regions, as shown in Figure 4, with no clear geographical trend.
Higher incidence rates are found in the northern part of the country, the Arica and Parinacota region (XV), and in the central part of the
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country, corresponding to the Metropolitan region (RM) and Valparaiso region (V), with age–standardized incidence rates of 50.9, 46.8 and
45.5, respectively. Interestingly, two of the regions with the lowest rates were also found in the northern area, the Atacama (III) and Tarapacá
(I) regions, with incidences of 28.2 and 28.3, respectively, surpassed only by a southern and a central region, Los Lagos (X) and O’Higgins (VI),
with age–adjusted incidence rates of 26.5 and 27.3, respectively. The rest of the regions have an age–adjusted rate between 30.0 and 42.7.
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XVI
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XII

30
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45

50

Figure 4: Mean age–adjusted incidence rates (cases/100,000 women) during 2007-2018 by geographical region. Detailed
incidence values can be found in Table B.1.

Table 5 shows crude and age adjusted incidence rates by year for women a�liated with the private and public health systems. For this
analysis, 56,250 out of the 62,093 registries were considered, i.e., a total of 90.6% of all diagnosed women in the 2007–2018 period had an
a�liation with the private and public health systems. Of the remaining 5,843 women, 1,944 women had armed forces health insurance, 885
women had no health insurance, and 3,014 women had missing information.

We observed that women a�liated with a private provider (ISAPRE) had higher incidence rates during the period under study, having an
average age–adjusted incidence rate of 60.6/100,000 compared to 38.8/100,000 for women a�liated with the public provider (FONASA). The
age–standardized incidence rate for the private health system shows greater �uctuations over time (sd of 11.0) than that for the public sector
(sd of 2.0).

ISAPRE FONASA
Year Crude Age adjusted Crude Age adjusted

2007 36.3 37.2 46.7 36.7
2008 41.5 41.9 49.1 37.9
2009 72.3 71.1 54.9 42.9
2010 66.0 65.3 50.5 37.4
2011 61.1 58.4 54.2 39.2
2012 64.2 61.2 56.4 40.6
2013 63.1 59.2 57.8 40.6
2014 71.3 66.5 53.3 36.5
2015 72.9 67.0 59.1 40.7
2016 84.0 75.1 57.6 39.3
2017 73.0 62.8 55.2 37.5
2018 72.3 61.2 53.6 36.7

Mean (Std) 64.8 (13.6) 60.6 (11.0) 54.0 (3.7) 38.8 (2.0)

Table 5: Crude and age–adjusted incidence rates (cases/100,000 women) for women with private and public health insur-
ance.
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3.2 Mortality rates

Figure 5 shows both crude and age–adjusted mortality rates (deaths/100,000 women) for the period under study. Crude mortality rates
increased 18.1%, from 13.8 per 100,000 women in 2007 to 16.3 per 100,000 women in 2018. On the other hand, age–adjusted mortality rates did
not have signi�cant changes during the study period, with an average standardized mortality rate of 10.5 per 100,000 women and a standard
deviation of 0.4.
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Figure 5: Crude and age–adjusted mortality rates (deaths/100,000 women) by year.

Figure 6 shows that the southern cities of Magallanes and Antártica Chilena (XII) have the highest age–adjusted mortality rate of 13.1,
followed by the Valparaiso (V), Ñuble (XVI) and Metropolitan (RM) regions, with average age–adjusted rates of 11.7, 10.9, and 10.8, respec-
tively. On the other hand, the regions with the lowest mortality rates are the southern regions of Los Lagos (X) and Los Ríos (XIV), with
age–adjusted mortality rates of 8.1 and 8.9, respectively. The rest of the regions have similar mortality rates, averaging between 9.0 and 10.6
deaths per 100,000 women.
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Figure 6: Mean age–adjusted mortality rates (deaths/100,000 women) during 2002-2018 by geographical region. Detailed
mortality values can be found in Table B.1.

Table 6 shows mortality rates by year for women a�liated with the private and public health systems. As the national death registry
does not include the health insurance of the deceased patients, we obtained them by searching the discharge database with the corresponding
patient ID. Information was found for 89.3% of all women from the death database, corresponding to 14,837 women, though the rest did not
have any hospital discharge data. From this set of women, 14,057 women belong to either the FONASA or ISAPRE. The last column of Table
6 shows the percentage of women from the death database from which it was not possible to recover their health care provider.

We observe, in terms of crude rates, that FONASA patients have a higher mortality rate than ISAPRE patients, with rates of 14.8 and
9.8 per 100,000 women, respectively. When adjusted by age groups, FONASA rates decreased, while ISAPRE rates increased, resulting in
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FONASA patients having a slightly lower age–adjusted mortality rate of 9.5 compared to 10.1 for ISAPRE patients. Both systems had a rather
constant trend in terms of age–standardized rates throughout the study period.

ISAPRE FONASA
Year Crude Age adjusted Crude Age adjusted Missing (%)

2007 8.4 9.8 12.4 9.0 18.0
2008 8.0 8.6 13.0 9.2 16.9
2009 9.2 10.3 15.4 11.0 13.1
2010 9.4 10.2 13.9 9.5 13.3
2011 9.8 10.5 14.7 9.5 10.8
2012 8.7 8.8 15.0 9.3 9.5
2013 10.1 10.6 15.0 9.5 8.4
2014 9.7 10.1 15.5 9.4 8.7
2015 11.7 11.9 16.1 9.6 9.3
2016 10.3 9.8 16.1 9.6 7.7
2017 11.3 10.5 15.5 9.2 8.0
2018 11.1 9.8 15.5 8.9 8.3

Mean (Std) 9.8 (1.2) 10.1 (0.9) 14.8 (1.2) 9.5 (0.5) 10.7

Table 6: Crude and age–adjusted mortality rates (deaths/100,000 women) for women with private and public health in-
surance. The last columns show the percentage of registries with no health insurance data.

3.3 Case fatality rates

Case fatality rates (%) by year for the 2007–2018 period are shown in Figure 7. The overall fatality rate remained relatively constant over
time, with a mean of 26.8 and a standard deviation of 1.1.
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Figure 7: Case fatality rate (%) by year for the 2007–2018 period.

Figure 8 shows considerable di�erences in case fatality rates across regions. The regions with the highest rates are O’Higgins (VI) and
Aysén (XI), with fatality rates of 41.4% and 40.1%, respectively. On the other hand, the regions with the lowest rates are Metropolitan (RM),
Los Rios (XIV), Antofagasta (II) and Arica and Parinacota (XV), with average fatality rates of 24.5%, 24.2%, 24.1% and 23.8%, respectively. The
rest of the countries’ fatality rates are between 27.8% and 37.1%.

9



XV
I

II

III

IV

V
RM
VI

VII
XVI
VIII

IX

XIV

X

XI

XII

24

26

28

30

32

34

36

38

40

Figure 8: Mean case fatality rate (%) over 2007-2018 by geographical region. Detailed fatality values can be found in Table
B.1.

Table 7 shows case fatality rates for women a�liated with the private and public health systems. There is a set of women from the
death database for whom there is no information about their health care provider, as shown in Table 6. This problem does not occur for the
incidence rate estimations because the discharge database provides information on the patients’ health care insurance.

As fatality rates are calculated based on crude mortality and incidence rates, CFRs by health insurer are also a�ected by this missing
information. Assuming that the death registries for which this information was not available are unbiased in terms of health care insurance,
the case fatality rates shown in Table 7 are good estimates. Women a�liated with ISAPREs have a considerably lower fatality rate during the
period under study, with an average of 15.7 compared to 27.5 for women a�liated with the FONASA.

Neither of the systems had a statistically signi�cant trend (increasing or decreasing), though the CFRs from ISAPRE a�liates had greater
�uctuations, with a standard deviation of 3.1, while FONASA had a standard deviation of 1.0.

Year ISAPRE FONASA
(private) (public)

2007 23.3 26.5
2008 19.3 26.4
2009 12.7 28.1
2010 14.3 27.4
2011 16.1 27.1
2012 13.5 26.6
2013 16.0 26.0
2014 13.6 29.2
2015 16.1 27.2
2016 12.2 27.9
2017 15.5 28.1
2018 15.3 29.0

Mean (std) 15.7 (3.1) 27.5 (1.0)

Table 7: Case fatality rate (%) by health insurance

3.4 Survival rates

As discussed in Section 2.1, we considered the 58,254 patients who had a �rst discharge during the period under study to calculate survival
rates. The 3,839 patients who died during the study period without hospital discharge were not considered because the onset of the disease was
unknown. Although these patients’ data might reduce the survival rates (assuming that they did not live long enough to receive treatment),
this set of women has a distribution of health care insurance similar to that of the overall set of patients, and therefore, its inclusion would
in�uence the survival rates of patients from ISAPRE and FONASA evenly, causing the survival rate di�erence between both groups to be
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kept. Finally, 19 patients were found to have inconsistencies when matching both databases, with discharge dates later than their death date,
and therefore, were eliminated from the survival analysis, resulting in a survival database of 58,235 records.

3.4.1 Kaplan–Meier estimations

The Kaplan–Meier estimator was computed considering 58,235 observations, of which 50,126 were right-censored observations. Figure
9 shows the survival rates when considering all patients under the study period and separated by private and public health care insurance
systems. The log rank test con�rmed that the survival curves for the private and the public insured patients and all women were signi�cantly
di�erent (p<0.001).

The estimated one–year survival rate 95% con�dence intervals are [0.931 ± 0.002] for FONASA, [0.972 ± 0.003] for ISAPRE patients and
[0.940 ± 0.002] when considering all women. The 95% con�dence intervals for the �ve–year survival rate were [0.806 ± 0.004], [0.901 ± 0.007],
and [0.827 ± 0.004] for FONASA, ISAPRE and all women, respectively. Thus, women in the private system have a �ve–year survival rate that
is 12% higher than that for women in the public system.
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Figure 9: Kaplan–Meier survival curves for Chilean women separated by health insurance system (public vs. private).

A similar result was obtained when analyzing the survival curves for patients in each segment within the public health system as shown
in Figure 10. We observe that women with segments C and D health insurance bene�ts have similar survival rates, which are higher than
those for women in FONASA segments A and B. Women in bene�t segment A have the worst survival rates out of the four groups. The
5-year survival rates are 0.837, 0.832, 0.803 and 0.777 for bene�t segments D, C, B and A, respectively. We notice that all these survival rates
are lower than those for women in the private system.
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Figure 10: Kaplan–Meier survival curves for FONASA patients by bene�t segment.

Women from the Metropolitan region have a higher survival rate than women from other regions. We observe this in Figure 11, with
�ve–year survival rates of [0.844 ± 0.005] and [0.812 ± 0.005] for women from the Metropolitan region and other regions, respectively. The
two curves shown in this �gure are signi�cantly di�erent (p<0.001).
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Figure 11: Kaplan–Meier survival curves for Chilean women, separated by their region of residence.

3.4.2 The Cox proportional hazards model

Using the procedure described in Appendix D, we estimated a Cox proportional hazards model with 11 selected variables out of 26
considered. The results are summarized in Table 8, where the second column contains the coe�cient with its associated con�dence interval
and the third column shows the p value for the null hypothesis corresponding to equality of the base and the a�ected covariate.

The Cox model allows us to evaluate the survival rate of a patient identi�ed through these 11 selected covariates, such as dummy variables
for private and public health insurance, bene�t segment A, age, squared age, year of diagnosis and residence in some regions. The Cox model
also allowed us to compare the survival curves by modifying selected variables while keeping the rest constant. For the results below, the
variables that remain unmodi�ed are set as the median of the data.

Variable Coe�cient p value

Year of diagnosis -0.051 ± 0.007 <0.005
Age -6.438 ± 0.903 <0.005
Squared age 7.119 ± 0.745 <0.005
FONASA 0.259 ± 0.093 <0.005
ISAPRE -0.285 ± 0.112 <0.005
FONASA bene�ciary A 0.251 ± 0.054 <0.005
Region XV -0.477 ± 0.206 <0.005
Region II -0.244 ± 0.145 <0.005
Region V -0.147 ± 0.071 <0.005
Region XIII -0.203 ± 0.05 <0.005
Region VI 0.165 ± 0.107 <0.005

Table 8: Results for the Cox proportional hazard regression model.

Hazard ratios (or odds ratios) between two sets of characteristics can be evaluated through Cox regression. Table 9 shows the hazard
ratio for some speci�c variables. For example, we observe that women 40 and 50 years old have almost the same hazard and that women 60
years old have a slightly higher hazard of dying due to breast cancer than women 40 years old. The hazard ratios for an increase of 10 and 20
years of age increase; thus, we observe that the hazard of 60–year–old women is 1.15 times that of 50–year–old women and that the hazard of
70–year–old women is 1.52 times that of 50–year–old women. The hazard of FONASA bene�ciaries from the bene�t segment B-C-D is 1.72
times that of ISAPRE bene�ciaries. FONASA patients how bene�t from segment A have an even higher hazard, which is 1.29 times higher
than that of FONASA patients who bene�t from segments B-C-D. We observe that women diagnosed in 2018 have almost half the hazard
(0.57) of women diagnosed in 2007.
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Coe�cient Hazard ratio

Age 40→ Age 50 1.00
Age 40→ Age 60 1.15
Age 50→ Age 60 1.15
Age 50→ Age 70 1.52
ISAPRE→ FONASA Bene�ciary BCD 1.72
FONASA Bene�ciary BCD→ FONASA Bene�ciary A 1.29
ISAPRE→ FONASA Bene�ciary A 2.22
Year 2007→ Year 2010 0.86
Year 2007→ Year 2013 0.74
Year 2007→ Year 2018 0.57
Metropolitan Region→ Region XV 0.76
Metropolitan Region→ Region II 0.96
Metropolitan Region→ Region V 1.06
Metropolitan Region→ Region VI 1.44
Metropolitan Region→ Any other region 1.22

Table 9: Hazard ratios obtained through the Cox model.

Figure 12 presents the Cox survival curves for women a�liated with public and private health insurance systems. We observe that the
survival rate trends have similar behavior as those obtained by the Kaplan–Meier estimations, with a survival curve for the patients in the
private system that is signi�cantly higher than that for patients a�liated with the public health insurance. The Cox regression estimates the
one–year survival rates to be 0.967 and 0.944 for patients in the private and public sectors, respectively. On the other hand, the Cox regression
estimates the �ve–year survival rates to be 0.904 and 0.841, respectively.
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Figure 12: Cox survival curves adjusted by health insurance: FONASA (public) vs. ISAPRE (private) health plans.

Figure 13 shows the survival curves for di�erent ages of women for both health insurance systems. We noticed that the di�erence in
survival rates between ISAPRE and FONASA patients increased for older people. The �ve–year survival rates for women aged 40 were 0.91
and 0.85 for the ISAPRE and FONASA systems, respectively, with a survival di�erence of 0.06. On the other hand, the �ve–year survival rates
for women aged 80 are 0.81 for ISAPRE and 0.69 for FONASA, with a survival di�erence of 0.12. The �ve–year survival rates are shown in
Table 10.
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Figure 13: Survival curves obtained by Cox regression, adjusted by age, for each type of health insurance. The �ve–year
survival rates for 50–year–old women were omitted from the graph because they were very similar to those of 40–year–old
women.

Age 40 50 60 70 80 90

ISAPRE 0.911 0.911 0.899 0.868 0.806 0.684
FONASA 0.852 0.852 0.832 0.784 0.689 0.519

Table 10: Five–year survival rate predicted by the Cox model by age and health care system.

4 Discussion
Breast cancer is one of the two cancers, together with gallbladder cancer [27], that most frequently a�ects Chilean women. It is also the

leading cause of death from cancer for Chilean women [28]. In 1995, the Cancer Unit of the Ministry of Health formed the National Breast
Cancer Commission to focus on the design of a National Breast Cancer Program to better organize the care for breast diseases [29]. The
commission de�ned referral, diagnostic, and treatment guidelines and carried out several activities across the country to improve breast cancer
patients’ care. As of 2004, a major reform in the Chilean health system was introduced: the Universal Access Plan for Explicit Guarantees
(AUGE), later renamed GES, which aimed to decree timely and quality health care without discrimination and with �nancial protection to all
Chilean residents. Thus, the Ministry of Health, through this plan, guarantees the coverage of a number of diseases (It started in 2005 with 25
pathologies and grew to 85 in 2022). Breast cancer was part of the initial pathologies included in 2005; in addition to the quality, �nancial, and
opportunity guarantees, it also de�ned the complete protocol of medical treatments, including procedures and drugs to diagnose and treat
breast cancer in all its stages. This protocol was updated in 2010 and 2015 according to the new treatment options that had been developed
over time. In particular, in 2015, the high–cost drug trastuzumab was included for all Chilean women with HER2–positive breast cancer. The
GES plan activates the above guarantees at the moment of a suspicion of breast cancer for people aged 15 years and over with suspected,
diagnosed or recurrent breast cancer [30]).

Regarding early breast cancer detection, the Ministry of Health currently recommends an annual mammogram for women 50 to 69 years
old (www.diprece.minsal.cl). However, despite this recommendation, it only guarantees triannual screening mammograms free of charge for
all women 50 to 59 years old, independent of their health insurer [30]. The National Socioeconomic Characterization Survey, CASEN 2017
[31], shows that in 2017, only 53.4% and 33.1% of women in the private and public health systems had a screening mammogram during the
last year, respectively. These �gures increase to 76.3% and 57.1% for a screening mammogram in the last three years.

These results might have changed with the implementation, as of July 2019, of a MINSAL strategy of increasing the coverage of mam-
mograms in public primary health care, with important investments in new mammographers and the hiring of human resources in Family
Health Centers (CESFAM) and community hospitals. One speci�c goal of this plan was to improve the coverage of breast cancer screening
mammograms. For this purpose, the exams are taken by medical technologists in the aforementioned health care facilities and are sent elec-
tronically to the mammography cell (digital hospital), where the report is made by radiologists specialized in breast imaging, totaling 22% of
the mammography reports in the country from January to September 2021 [32].

However, we note that in Chile there is no screening program as de�ned by the World Health Organization [33]. In particular, there is
no information system in place linked to population registries that would allow the screenings to be o�ered to the eligible population using
a call and recall system and have a registry of all screenings performed in the country.

With regard to epidemiological indicators, Chile does not have a national cancer registry. Hence, key estimates, such as incidence and
case fatality rates, have been extrapolated from population records created in 1998 and updated until 2012 in the regions of Antofagasta,
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Biobío, Valdivia and Concepción [34]. These regional data are insu�cient to have a comprehensive view of the evolution of cancer at the
national level due to di�erences in health care coverage, ethnicity, and regional particularities, among others. Furthermore, there is no reliable
information from 2012 onward. Thus, we observe that most of the published research focuses on mortality indicators, of which there is a
reliable national death database. However, regarding incidence rates, there are few studies with assumptions that might lead to inaccurate
estimates. For example, the MINSAL study in 2019 [3] reported a constant drop in incidence rates, which is inconsistent with the data of
the current state of breast cancer in Chile. This drop is obtained by the actual decrease in mortality rates and the assumption of a constant
fatality rate over the study period, without considering the improvements in breast cancer treatments over time. These estimates feed the
Chilean data in GLOBOCAN [13].

In what follows, we discuss the main results of our research. For this, we divide the discussion into three areas: estimates of epidemio-
logical indicators, the impact of the GES plan on key health care indicators, and limitations and future research of this project.

4.1 Incidence, mortality, case fatality, and survival rates

The incidence age-standardized rates found for the 2007–2018 period are lower than crude rates for the same period. This is largely
explained by the demographic composition of the Chilean population. Breast cancer worldwide is signi�cantly more common in older women
and is less likely in women younger than 30 years old. This distribution is also observed in Chile. As Chile has a higher proportion of older
women than the standardized population [19, 21], it is expected to have higher crude incidence rates. A similar result is found for mortality
rates in the 2007–2018 period. The Global Cancer Observatory (GLOBOCAN) reported the Chilean incidence and mortality age–adjusted
rates as 37.4 and 10.2 per 100,000 women in 2020, respectively [2]. Our study estimates incidence and mortality age adjusted rates as 44.0 and
10.5 per 100,000 women, respectively, with a constant trend over the 2007–2008 period. We observe that our estimates of the mortality rate
are consistent with those reported by GLOBOCAN, while our estimation of the incidence rate is higher than that of GLOBOCAN. The trends
in age–standardized incidence reported by GLOBOCAN show that almost all countries have either had a constant trend (in countries such
as Canada, Italy and Poland) or a growing trend (in countries such as Germany, Thailand or Korea) in the last 20 years. We remark that the
constant trend found in our study for age–standardized incidence rates at the national level is consistent with this global trend observed by
GLOBOCAN and di�ers from the decreasing trend found by the Ministry of Health [3]. It is important to note that the GLOBOCAN platform
reports data on incidence and mortality based on information provided by countries and has no responsibility over their quality [35].

We also observe from Table 5 a much higher age–adjusted incidence rate in privately insured patients (ISAPRE) compared to those with
public health care insurance. As discussed in the Introduction, these two groups of patients have important di�erences, such as income,
lifestyle, diet composition, comorbidities and use of hormonal therapies, among others, which might explain these incidence di�erences [36].
Another plausible explanatory hypothesis for this di�erence might rely on the higher use of spontaneous screening among privately insured
patients [31], increasing the detection at early stages and at early ages, or even in older women who otherwise would not be tested [37].

The estimated incidence and mortality rates shown by region in Figures 4 and 6 show the great di�erences in breast cancer epidemiology
along the Chilean territory. These di�erences indicate that the reality of each region must be taken into account when designing public health
measures. Moreover, public measures and other related policies may be misdirected if they are designed and evaluated only through a few
local registries, such as those from Antofagasta, Biobío and Los Rios regions. This highlights the need for a national–level cancer registry
from which adequate data can be obtained.

Our study shows an estimate of case fatality rate of 26.8% at a national level, with a constant trend over the study period. Similar to
incidence and mortality, there is a high variation among regions, without any clear distribution. More importantly, there is a clear di�erence
in the case fatality rates of the FONASA and ISAPRE, with averages for the 2007–2018 period of 27.5% and 15.7%, respectively. This is because
patients with public insurance have a fatality rate that is 1.75 times higher than those with private insurance.

We estimated the �ve–year survival to be 0.827 (±0.004) at the national level. For the public and private health care sectors, we esti-
mated �ve–year survival rates of 0.806 (±0.004) and 0.901 (±0.007), respectively. We also found the �ve year survival rate for women in the
Metropolitan region to be 0.844 (±0.005). On the other hand, the �ve–year survival for women from other regions is 0.812 (±0.005).

Survival di�erences were also found comparing women from the Metropolitan region to women from other regions. Patients from the
Metropolitan region had better survival rates. This di�erence may be associated with the availability of specialized health care centers and
specialists, which are known to be concentrated in metropolitan areas [38].

The hazard ratios obtained in our study show, as expected, that there is an important impact of age on survival, which grows for older
ages. Thus, we observe that the hazard ratio for a 20–year di�erence between 40- and 60-year-old women is 1.15 (that is, women of 60 years
old have a slightly higher risk of death due to breast cancer), while the same 20-year di�erence between 50- and 70-year-old women leads to
a hazard ratio of 1.52. It is also relevant to highlight the hazard ratio between private and public insured patients of 1.72, i.e., women from
the public health care system have a risk 1.7 times higher than that of women from the private health care system.

Hazard ratios associated with year of diagnosis show an improvement in survival from 2007 onward. This may be attributable to advances
in breast cancer treatment due to the systems organization and the e�ect of the health care reforms implemented in previous years. One such
policy is the Ricarte Soto law, which is related to access to high-cost drugs and treatments.

By looking at hazard ratios between the Metropolitan region and other regions, we observe that the women in the Metropolitan region
have a similar risk to the regions of Antofagasta (II) and Valparaiso (V), with hazard ratios close to 1. The northern region of Arica y Parinacota
shows the smallest breast cancer risk. In addition to these regions, the Metropolitan region has a lower risk than any of the other regions.
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4.2 GES plan and health care inequities

Most of the evaluations of the GES plan have focused on compliance of the explicit guarantees o�ered by the plan: access, opportunity,
�nancial protection, and quality [11]. In terms of opportunity, in 2017, 99.6% of the GES services ful�lled this guarantee, with 92.8% of them
before the established deadline. On the other hand, inspections by the Comptroller General of Chile (CGR) ensure that a series of quality
measures are ful�lled by the health care facilities. However, ultimately, the e�ectiveness of the GES must be re�ected in the improvement of
health indicators, such as patients survival rates and case fatality rates. As discussed in the Results section, we observed a marked di�erence
in survival rates between insured patients in the public and private health systems. Thus, according to the Cox regression, at the age of 60,
the �ve–year survival rates for FONASA and ISAPRE patients were 0.83 and 0.90, respectively, with a di�erence of 0.07. Meanwhile, at the
age of 80, the �ve–year survival rates for FONASA and ISAPRE patients were 0.69 and 0.81, respectively, increasing the di�erence to 0.12. All
these di�erences were statistically signi�cant (p<0.001).

Multiple reasons contribute to this inequity between private and publicly insured patients. In what follows, we discuss some of them;
however, they should be investigated in greater depth to develop and implement appropriate public policies to reduce this gap.

• ISAPRE and FONASA patients not only di�er in the health insurer of their choice, but also conform to two di�erent sociodemographic
group norms in terms of economic income and education and eventually comorbidities and age. For example, more than 85% of
the people from the �ve lower income deciles belong to FONASA, while only 25% of people in the highest income decile belong to
FONASA [8]. Likewise, income is also related to education, where the three lower income deciles have an average of less than 10
years of schooling, while people from the highest decile have an average of more than 15 years of schooling [39]. These di�erences
might translate into di�erences in the opportunity to consult a doctor, in adherence to treatments, and in treatment outcomes due to
comorbidities, among others.

• The GES plan guarantees an adequate diagnosis and treatment, de�ned in clinical guidelines, and is periodically updated to incorporate
new validated therapeutic options. However, there might be a lag in the opportunity of when these updates are incorporated. For
example, the high-cost drug trastuzumab was included for all Chilean women with HER2–positive breast cancer in 2015, nine years
after it was approved for its use by the FDA. Consequently, although quality treatment is guaranteed for all breast cancer patients,
there is a time gap between the appearance of new drugs adequately supported by good evidence and their incorporation in the GES
plan. Therefore, patients having a higher purchasing power most likely complement their treatments with these new drugs outside of
the GES plan, leading to higher survival rates.

• Early detection is a key factor for survival rates: cancer detected in stages 1 and 2 have a �ve–year survival rate of 99%, while survival
rates when cancer is detected in stages 3 and 4 are 86% and 28%, respectively [40]. According to data from 2017, 55.1% of women in
the public health system had a screening mammogram in the last three years compared to 71.4% for women in the private system [8],
which might translate into signi�cant inequities in the cancer stage at the moment of diagnosis between women in the two insurance
systems. As mentioned before, Chile does not have a national cancer registry, and therefore, staging of breast cancer at diagnosis is not
available to con�rm this hypothesis. As part of our ongoing research, we are estimating cancer staging at diagnosis using databases of
private and public hospitals.

4.3 Study strength and limitations

To the best of our knowledge, this is the �rst study on breast cancer incidence and survival rates at the national level using publicly avail-
able data from several national registries on death records and hospital discharges. Incidence has been reported by GLOBOCAN, estimating
a 2020 incidence rate of 37.4. GLOBOCAN’s estimate is lower than the estimation of this study, and even more so considering the constant
trend shown in Figure 3, with an average incidence of 42.3. Furthermore, this study highlights the important di�erences in key health care
indicators for women across regions, health care insurance plans, and age.

This study also has some limitations. First is the limitation of the quality of the national database used for hospital discharges and deaths.
As discussed previously, there are missing and con�icting data and ambiguity in the cause of death in some death certi�cates. Furthermore,
we used a hospital discharge database, and therefore, there might be some patients diagnosed with breast cancer who are never hospitalized
when receiving treatment (for example, those who do not have surgery). Thus, incidence rates might be underestimated.

5 Conclusions
The methodology used in this study presents an alternative for obtaining incidence, mortality, case fatality, and survival rates from public

databases, which generates results consistent with other measures, specially in the absence of a national cancer registry, such is the case in
Chile.

The reasons that explain some of the signi�cant di�erences found in survival rates, especially between private and publicly insured
patients, are part of our ongoing research. However, these results have already highlighted critical inequalities in terms of health outcomes
between these two groups of patients. This is particularly relevant when a new health system is being discussed for Chile.
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Appendix A Other breast cancer diagnoses

After selecting discharges with a primary diagnosis code of breast cancer, there were still a considerable number of breast cancer death
registries that did not have any associated discharge registry (5,230 deaths). However, there are discharge registries for causes other than breast
cancer that are not typically included in a breast cancer incidence analysis. These are health problems that can arise due to the progression
of the disease or its treatment (surgery, chemotherapy, radiotherapy) and therefore will be included under certain speci�c conditions. Thus,
these diagnostics were taken into consideration only when they belonged to a patient who died because of breast cancer. We group these
diagnostics into three groups:

1. Discharge registries directly attributable to breast cancer and its treatment. This item includes examination, treatment by chemotherapy
and radiotherapy, and di�erent breast–related diseases and issues, which may be due to breast cancer misdiagnosis. These diagnostics
are D486, D24X, Z123, Z803, Z853, Z031, Z080, Z081, Z082, Z087, Z088, Z089, Z129, Z400, Z510, Z511, Z512, Z515, Z809, Z859, and
Z860.

2. Diagnostics of other cancers and malignancies associated with breast cancer. This item includes secondary tumors and tumors of
unspeci�ed places. These diagnostics are C798, C782, C795, C793, C787, C786, C412, C800, D382, C792, C709, C383, C799, D059, C770,
D420, C796, C414, C500, C413, C771, C728, C967, C779, D383, C399, C773, C781, C783, and C700.

3. Other diagnostics might be attributable to symptoms of breast cancer and its treatment. They are considered only if such discharge is
close enough to the death registry. Each diagnosis has a di�erent period of time to be associated with death and is shown in Table A.1.
The absence of a period means that the diagnosis is always included independent of its gap from the death registry.

Diagnostic Code Relation period (years)

D649 2
G039 1
G540 2
G939 1
G952 2
I495 -
I891 1
I972 -
J80X 2
J90X 2
J948 2
J960 2
J969 1
J984 2
J989 2
M532 4
M544 4
M546 4
M549 4
M808 4
M844 4
N63X -
N645 -
N648 -
N649 -

Diagnostic Code Relation period (years)

N850 -
R060 1
R17X 1
R18X 1
R51X 1
R53X 1
S220 4
S320 2
S323 4
S325 4
S327 4
S328 4
S423 4
S720 4
S721 4
S722 4
S723 4
S724 4
S728 4
S729 4
T08X 4
T12X 4
T142 4
T932 4

Table A.1: CDI-10 codes and relation periods of the health problems to be considered as the breast cancer debut.

Through the addition of these diagnoses, 11,533 discharge registries were added to the discharge database, which corresponds to 1,219
patients.
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Appendix B Incidence, Mortality and Fatality Results

B.1 Breast cancer incidence and mortality by geographical region

In table B.1 displays the mean incidence over the period 2007–2018 and mortality over the period 2007–2018 for each of the 16 Chilean regions. Both are presented as
age–adjusted and crude rates. They are sorted from north to south.

Incidence Mortality
Region Region Name Case Fatality Rate Crude Age adjusted Crude Age adjusted

XV Arica y Parinacota 23.8 68.8 50.9 14.1 10.0
I Tarapacá 35.1 33.9 28.3 11.8 10.1
II Antofagasta 24.1 50.0 41.0 11.8 9.9
III Atacama 31.9 37.0 28.2 11.6 9.0
IV Coquimbo 33.5 43.3 30.7 14.2 9.7
V Valparaíso 27.9 70.5 45.5 19.6 11.7
RM Metropolitana de Santiago 24.5 66.6 46.8 16.2 10.8
VI Libertador General Bernardo O’Higgins 41.4 39.7 27.3 15.3 10.5
VII Maule 28.6 48.6 33.8 13.7 9.3
XVI Ñuble 30.5 56.6 37.8 17.2 10.9
VIII Biobío 27.8 55.6 39.0 15.3 10.4
IX La Araucanía 35.3 44.4 31.0 14.0 9.4
XIV Los Ríos 24.2 62.5 42.7 13.4 8.9
X Los Lagos 32.5 36.4 26.5 11.6 8.1
XI Aysén del General Carlos Ibáñez del Campo 40.1 38.4 30.0 13.2 10.6
XII Magallanes y de la Antártica Chilena 37.1 58.0 39.3 20.3 13.1

Table B.1: Average case fatality rate (%), incidence and mortality (cases/100,000 women) over the period 2007–2018 by region.

B.2 Breast cancer incidence by age group

Table B.2 presents age–speci�c incidence rates for each age interval for each year from 2007 to 2018.
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Age 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean (Std)

0-19 0.6 0.6 0.7 0.8 0.6 0.7 0.8 0.6 0.8 0.5 0.7 0.5 0.7 (0.1)
20-24 2.0 3.2 3.8 2.3 3.3 3.0 3.8 2.0 2.2 3.5 4.5 3.1 3.1 (0.8)
25-29 7.1 8.0 5.1 7.7 6.1 5.6 6.5 5.8 6.4 8.5 6.8 8.2 6.8 (1.0)
30-34 11.6 12.1 14.0 14.0 13.0 18.9 16.0 15.2 17.0 20.5 17.8 17.9 15.7 (2.7)
35-39 29.1 28.6 36.5 30.9 35.2 36.7 36.9 34.6 38.8 36.6 36.0 35.7 34.6 (3.1)
40-44 60.5 61.2 66.9 59.7 67.1 74.4 72.9 68.1 70.5 80.3 72.1 65.2 68.2 (5.9)
45-49 96.7 92.8 111.3 102.4 111.5 117.7 108.3 103.0 113.7 121.7 98.7 105.9 107.0 (8.3)
50-54 104.2 108.1 125.1 113.5 113.7 125.0 122.2 110.0 133.0 130.7 108.5 118.0 117.7 (9.1)
55-59 121.6 113.3 140.7 120.7 122.1 122.4 140.9 131.4 142.1 130.9 131.0 124.9 128.5 (8.9)
60-64 150.6 156.5 164.7 160.0 161.1 164.7 158.3 146.3 142.9 143.7 146.6 138.9 152.9 (8.7)
65-69 160.1 179.5 172.1 172.4 182.6 186.0 197.3 175.4 181.4 170.5 174.6 150.6 175.2 (11.5)
70-74 147.3 145.8 175.1 181.8 177.8 179.8 187.7 195.8 197.0 188.1 187.8 186.8 179.2 (15.9)
75-79 154.1 164.4 176.3 160.7 172.3 178.3 172.8 165.8 190.1 198.6 182.6 171.4 174.0 (11.9)
80-84 178.6 163.7 164.9 189.2 168.8 163.1 179.7 172.2 165.8 168.2 148.5 143.6 167.2 (12.0)
85+ 235.9 236.0 228.9 206.2 209.6 172.6 178.4 171.4 147.7 165.6 171.2 107.0 185.9 (37.2)

Table B.2: Crude incidence rate per year and age group (cases/100,000 women).

B.3 Breast cancer mortality by age group
Table B.3 presents age–speci�c mortality rates for each age interval for each year from 2007 to 2018.

Age 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean (Std)

0-19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0)
20-24 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.1 (0.1)
25-29 0.5 1.2 0.9 0.9 1.1 0.3 1.2 0.9 0.4 0.5 0.3 1.0 0.8 (0.3)
30-34 1.1 3.0 1.4 2.0 2.0 1.9 2.0 2.1 2.6 2.1 2.9 3.4 2.2 (0.6)
35-39 4.6 5.3 5.5 6.0 4.0 4.9 5.0 7.0 6.2 4.8 4.1 5.2 5.2 (0.8)
40-44 11.1 9.3 9.7 11.4 9.6 12.3 11.1 10.2 10.6 10.7 8.7 12.8 10.6 (1.2)
45-49 18.8 16.6 19.6 18.9 17.2 17.2 19.7 17.7 17.5 17.3 14.8 14.1 17.4 (1.6)
50-54 23.3 24.7 25.7 25.4 26.7 22.0 21.2 24.5 22.5 24.7 25.3 18.8 23.7 (2.2)
55-59 33.4 29.0 32.2 31.0 29.0 29.6 28.9 27.8 32.8 30.0 29.7 29.5 30.3 (1.7)
60-64 34.4 40.8 42.4 39.1 38.0 36.4 38.1 29.1 33.4 31.7 38.0 30.8 36.0 (4.0)
65-69 45.4 48.0 53.2 47.8 48.0 44.9 43.3 46.4 47.6 47.2 38.7 39.7 45.8 (3.7)
70-74 52.2 55.1 52.5 47.5 60.3 56.9 63.4 56.9 54.4 62.1 60.1 49.2 55.9 (4.8)
75-79 60.8 72.6 70.7 69.0 55.6 68.9 61.3 66.3 74.3 69.1 71.6 83.2 68.6 (6.9)
80-84 83.2 81.8 91.7 85.8 102.4 88.8 95.6 84.7 99.6 77.5 73.6 90.8 88.0 (8.3)
85+ 185.3 175.1 192.0 153.2 170.4 173.4 139.1 164.8 150.5 139.6 142.1 144.3 160.8 (17.7)

Table B.3: Crude mortality rate by year and age group (cases/100,000 women).
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Appendix C Survival Records

The Kaplan–Meier curves for women in FONASA are made with the events observed and censored shown in table C.1. On the other hand, table C.2 shows the events observed
and censored used to make the Kaplan–Meier curves for women in ISAPRE. The event table for both FONASA and ISAPRE women can be obtained by adding both tables.

Event tables for other Kaplan–Meier curves shown in the results section are not included due to their extension.

Time (months) Removed Observed Censored At risk

0 796 712 84 43,025
1 692 333 359 42,229
2 614 247 367 41,537
3 545 195 350 40,923
4 466 189 277 40,378
5 508 142 366 39,912
6 516 187 329 39,404
7 537 157 380 38,888
8 499 142 357 38,351
9 483 134 349 37,852
10 550 154 396 37,369
11 456 153 303 36,819
12 475 140 335 36,363
13 437 128 309 35,888
14 440 129 311 35,451
15 433 121 312 35,011
16 427 126 301 34,578
17 469 114 355 34,151
18 434 121 313 33,682
19 479 134 345 33,248
20 482 128 354 32,769
21 389 114 275 32,287
22 477 112 365 31,898
23 444 137 307 31,421
24 427 104 323 30,977
25 444 87 357 30,550
26 418 109 309 30,106
27 423 105 318 29,688
28 376 88 288 29,265
29 418 93 325 28,889
30 425 104 321 28,471

Time (months) Removed Observed Censored At risk

31 349 91 258 28,046
32 415 89 326 27,697
33 408 73 335 27,282
34 400 91 309 26,874
35 376 89 287 26,474
36 393 63 330 26,098
37 333 56 277 25,705
38 410 74 336 25,372
39 392 63 329 24,962
40 352 72 280 24,570
41 402 69 333 24,218
42 378 59 319 23,816
43 385 59 326 23,438
44 339 66 273 23,053
45 355 69 286 22,714
46 379 59 320 22,359
47 342 65 277 21,980
48 356 49 307 21,638
49 295 52 243 21,282
50 322 61 261 20,987
51 340 52 288 20,665
52 314 54 260 20,325
53 333 42 291 20,011
54 282 48 234 19,678
55 288 45 243 19,396
56 327 46 281 19,108
57 290 36 254 18,781
58 312 51 261 18,491
59 258 42 216 18,179
60 17,921 48 17,873 17,921

Table C.1: Event table for the survival curve for patients in the public health system.
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Time (months) Removed Observed Censored At risk

0 70 64 6 11,147
1 143 33 110 11,077
2 140 14 126 10,934
3 143 31 112 10,794
4 109 29 80 10,651
5 141 20 121 10,542
6 105 23 82 10,401
7 94 13 81 10,296
8 107 17 90 10,202
9 110 15 95 10,095
10 101 17 84 9,985
11 83 12 71 9,884
12 104 11 93 9,801
13 119 15 104 9,697
14 112 17 95 9,578
15 119 9 110 9,466
16 132 20 112 9,347
17 112 15 97 9,215
18 116 15 101 9,103
19 129 19 110 8,987
20 99 15 84 8,858
21 78 11 67 8,759
22 96 11 85 8,681
23 68 13 55 8,585
24 117 23 94 8,517
25 121 9 112 8,400
26 126 16 110 8,279
27 113 16 97 8,153
28 116 11 105 8,040
29 133 12 121 7,924
30 110 4 106 7,791

Time (months) Removed Observed Censored At risk

31 112 10 102 7,681
32 119 18 101 7,569
33 115 10 105 7,450
34 127 9 118 7,335
35 76 10 66 7,208
36 126 7 119 7,132
37 109 18 91 7,006
38 120 13 107 6,897
39 88 11 77 6,777
40 85 10 75 6,689
41 95 14 81 6,604
42 96 6 90 6,509
43 102 14 88 6,413
44 105 19 86 6,311
45 90 10 80 6,206
46 119 8 111 6,116
47 76 8 68 5,997
48 109 8 101 5,921
49 105 7 98 5,812
50 101 8 93 5,707
51 122 12 110 5,606
52 67 6 61 5,484
53 86 8 78 5,417
54 81 8 73 5,331
55 97 6 91 5,250
56 73 6 67 5,153
57 94 6 88 5,080
58 91 11 80 4,986
59 68 11 57 4,895
60 4,827 5 4,822 4,827

Table C.2: Event table for the survival curve for patients in the private health system.
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Appendix D Cox Regression Analysis

The variables were processed prior to the selection. We added the squared age as a new variable to add more �exibility to the hazard
modeling as a function of age and normalized both age and squared age, to a maximum age of 100 years. We transformed the categorical
variables (health insurance, region of residence and FONASA bene�t segments) into dummy variables. This process resulted in a total of 26
covariables: 3 health insurance dummy variables accounting for public, private and armed forces health care insurance; 4 bene�t segment
dummy variables, namely segments A, B, C and D; 16 region dummy variables; year of diagnosis; normalized age and squared normalized age.
The selection of variables was performed following a greedy algorithm based on Akaike’s information criterion and on the p value for each
variable’s signi�cance; that is, we sequentially selected variables by adding the ones that mostly improved Akaike’s information criterion
while maintaining all variables’ p values as statistically signi�cant.

More formally, given a set of n variables from which to choose which ones generate the best model, we proceeded based on each variable’s
p value and the models’ Akaike information criterion as follows.

Código D.1: Pseudocode for greedy variable selection for Cox model.
1 Variable selection:
2 Set the current best variables as an empty list.
3 Set the current best Akaike value as infinity.
4 Set the n variables as a pending list.
5 While there are still variables in the pending list, do:
6 For each variable from the pending list, generate a Cox model with it and the selected variables.
7 For each such model, check if all their variables have significant p values (≤0.05). If none of the models comply with it, break.
8 For each model that meets the above:
9 Calculate the Akaike information criterion.

10 If the calculated Akaike value is lower than the current best, set such value as the current best Akaike value and add such
↩→ variable to the current best variables, removing it from the pending list.

11 If none of the above models achieves an Akaike value better than the current best, break.
12 Return the model generated with the current best variables.

For the 26 variables mentioned above, the previous process selected the following 11 variables: normalized age, square normalized age,
private health insurance dummy, public health insurance dummy, discharge year, A FONASA bene�ciary classi�cation dummy, residence in
the Arica y Parinacota region dummy, residence in the Antofagasta region dummy, residence in the Valparaíso region dummy, residence in
the Metropolitan region dummy and residence in the Libertador O’Higgins region dummy.
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