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Abstract
Resumen
Objective: To estimate incidence and mortality for 25 cancer sites in Antecedentes: Es un estudio sobre la incidencia y mortalidad por cánColombia, for the period 2007-2011.
cer en una población colombiana (2010-2014), a partir de los datos y la
Methods: Cases and age-standardized cancer incidence rates per metodología del Registro Poblacional de Cáncer (RPC) de Antioquia
100,000 person-years were estimated based on incidence/mortality para facilitar la implementación de estrategias para el control del cáncer.
ratios in areas with a population-based cancer registry with published Métodos: Estudio descriptivo, cuya población objeto reside en el
data in Cancer Incidence in Five Continents, volume X (Cali, Pasto, área urbana del municipio de Medellín. Se incluyeron para el análisis
Bucaramanga and Manizales). Mortality age-standardized rates per los cánceres priorizados por el plan de control de cáncer de Colombia
100,000 were based on official cause of death statistics. Cause of death (cánceres-PDCC). La recolección, el procesamiento y la sistematización
statistics and population projections were provided by the National de los datos se realizaron de acuerdo con los parámetros estandarizados
Administrative Department of Statistics (DANE). Incidence and internacionalmente para los RPC. Las tasas de incidencia y mortalidad
mortality rates were calculated by department, cancer type and sex.
se calcularon por sexo, edad y ubicación del tumor.
Results: The annual number of expected cancer cases (all cancers Resultados: En el periodo 2010-2014 se registraron 22,379 casos nuecombined) for the period 2007-2011 was 62,818 with a total of 32,653 vos de cáncer en el área urbana del municipio de Medellín, 43.5% codeaths. A total of 1,322 new childhood cancer cases was expected (0-14 rresponde a los cánceres-PDCC. Para el mismo periodo se reportaron
years). The most frequently diagnosed incident cancers were prostate 14,922 muertes por cáncer, 23.5% pertenecen a cánceres-PDCC, 53.5
(46.5 per 100,000 person-years) and breast (33.8 per 100,000 person- %, ocurrieron en mujeres. El cáncer de próstata y el cáncer de mama
years) cancers. The highest cancer mortality rates were observed for fueron la primera causa de morbilidad por cáncer en hombres y mujeres
males in stomach cancer (14.2) and for females for breast cancer (9.9). respectivamente, y el cáncer de pulmón fue la principal causa de muerte
Conclusions: Colombia presented higher estimates of incidence por cáncer para los dos sexos.
and mortality for breast and prostate cancer, as well as a proportion of Conclusión: El cáncer es un problema de salud para la población del
cancers related to infection such as stomach and cervical cancer. More municipio de Medellín. Se requiere hacer énfasis en las investigaciones
than 50% of the cancer burdens were attributed to these neoplasms. y monitoreo de los factores de riesgo, así como hacer seguimiento a la
Time trends in cancer incidence can only be reliably evaluated based respuesta sanitaria y la capacidad de la red de prestadores frente a la
on long-term information from high-quality population-based cancer demanda creciente de esta epidemia.
registries.
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Introduction

Materials and Methods

Colombia is considered to be a country with an intermediate
incidence of cancer within the world panorama, with rates
standardised by age estimated by the International Agency for
Research on Cancer (IARC) of 175.2 cases per 100,000 men, and
151.5 cases per 100,000 women, excluding non-melanoma skin
tumors1. For cancer, there are established methods to measure
the incidence and mortality by location at the population level:
the population-based cancer registries (RCBP, for its initials in
Spanish), which collect information on the incidence and the vital
statistics systems of the countries that provide mortality data2.

The geographic ordering of the country is defined by regions (two
or more provinces), provinces (set of several municipalities),
special districts, municipalities and metropolitan areas (two
or more municipalities). Based on this distribution, there were
estimates made for cancer discriminated by sex, for 25 locations,
in 27 provinces, the Capital District and a region that grouped the
provinces of Amazonas, Guainía, Guaviare, Vaupés and Vichada.
Incidence information included four RCBP, with information
from 2003-2007: Cali, Metropolitan Area of Bucaramanga,
Manizales and Pasto. The mortality information was obtained
from the official mortality databases of DANE for the period
2003-2011. The population information for the same period was
obtained from the national and province estimates and projections
disaggregated by sex, area and five-year age groups of DANE17.

Achieving national coverage through a group of cancer registries
generates a high cost3; therefore, a viable alternative is to use
information from a few RCBP located in strategic areas and the
mortality data available at national level. The purpose is to obtain
reliable national estimates with a model that assumes that the
incidence of cancer in a region can be estimated from the number
of cancer deaths observed in that region, and from the observed
incidence/mortality ratio in a region with similar characteristics4.
In the country, there are currently five RCBP (Cali, Pasto,
Bucaramanga, Manizales and Barranquilla); these cover 12% of
the population.
The national estimate developed by the International Agency
for Research on Cancer - IARC1 is based on these two methods;
but it does not offer, at province level, the disaggregation that
is required for the country5. Due to regional variations in the
country, three studies have been carried out by the National
Cancer Institute (INC, for its initials in Spanish) under this
perspective: the magnitude of the disease, incidence and mortality
at province level6-8, information that is useful for planning human
resource training, acquisition of equipment and provision of
cancer prevention, detection, diagnosis and treatment services9. In
addition to the estimates generated by IARC, cancer information
at national level also comes from other sources that do not
match each other. On the one hand, there are the INC estimates
based on the data from the RCBP in Cali, Manizales, Pasto and
Bucaramanga; and the national system of vital statistics. The data
used from RCBP comply with international quality standards
endorsed by the IARC10. The vital statistics system provides
information on mortality, with a coverage according to data from
the World Health Organization of 98.5% for 200911, and a quality
of 92.8% according to the analysis of the certification of mortality
in Colombia, which was carried out for the 2002-2006 period12.
On the other hand, it has been necessary to have information
on the quality of cancer care, which is why passive (often
administrative) records on patient care have been created. From
these administrative records, reports13,14 which are more updated
than those from RCBP have been made, but with incidence and
mortality data with large differences and low reliability15,16.
The objective of this article is to present estimates of cancer
incidence and mortality observed in Colombia8, for the first five
cancers in men and women (prostate, stomach, breast, cervix and
colon-rectum) in the provinces, during the 2007-2011 period.

17

The incidence/mortality ratio was calculated with the groups by
cancer location, based on the tenth edition of the International
Classification of Diseases. This methodology is available in the
base publication of this manuscript8. For this article, we analyzed
five locations corresponding to stomach (C16), colon, rectum and
anus (C18-21), female breast (C50), cervix (C53), and prostate
(C61) in the provinces. The complete information for the country
is presented in Tables S1and S2.
Mortality
Cancer mortality information required some quality adjustments
in which deaths of non-residents in Colombia, deaths without sex
or age information, and those certified by persons other than a
physician were excluded8. Deaths due to other ill-defined causes
were not redistributed, nor were cancer cases or deaths from illdefined sites, with the exception of uterine cancer of unspecified
site (C55), which was redistributed among deaths from uterine
cancer of specified site (C53-C54), as it is recommended by the
standard methodology18. The information of the province of
residence was imputed by the province of occurrence of death,
in those cases in which this information was not available. This
allocation was not applied to the cities in which the records are
located, due to the errors that could be generated when correcting
this information in small geographical areas. No adjustment was
made for under registration of mortality.
Estimation of incident cases
A specific generalized linear model was used for each location,
which assumes that the number of cancer cases follows a Poisson
distribution and uses a logarithmic transformation as a link
function. The model considered as independent variables sex and
age group (0-14, 15-44, 45-54, 55-64 and ≤65 years), in addition to
mortality as an offset variable, and it assumes that the incidence/
mortality ratio is a constant value that is related through survival 19.
The resulting model was the following:
Ln(cancer cases) - Ln(deaths for cancer) + Bc + B sex + B2
(age groups) + B3 (sex * age groups)
The model assumed that the incidence/mortality ratios would
be constant in the last five years. The national estimates for each
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location were the result of the sum of estimated cases in each
province. Readers can consult the book already published to
review more details of the methodology8.
Validation of the models
The number of cases observed in each population registry was
compared with that estimated from six different models in which
the data from the registry or records not included as predictors are
assumed to be unknown, making the estimate from the remaining
records. Each of the first five models was weighed based on the
square root of the population of each record; the sixth model
corresponds to estimated data without considering weighing. The
accurate fit of the models was not evaluated because they were all
saturated.
To evaluate the statistical validity of each model, the difference
between the number of cases detected by the registry and the
number of cases estimated by the model was calculated; based on
these differences, the sum of squared errors was calculated. Table
1 shows the model used for the estimations, which was generated
from the weighted model with combined information from the
Cali, Pasto, Manizales and Bucaramanga cancer registries, which
obtained the lowest values of the sum of squared errors - SSE.
Crude rates (CR) were calculated for cancer incidence and
mortality per 100,000 person-years for each of the cancer sites,
according to sex and provinces of the country. The CR were
standardised by age (ASR) using the direct method with the world
reference population (SEGI population).

Results
Incidence of cancer
The annual national estimate of incident cases for 2007-2011 was
62,818 cases of cancer, 29,734 in men and 33,084 in women. Agestandardised cancer incidence rates (ASIR) per 100,000, in men
were 151.5 and 145.6 in women (Table S1). Women had a lower
incidence ratio than men in stomach cancer (M: F: 1.8: 1), and a
similar incidence ratio in colorectal cancer (M: F; 1: 1).
In men, the highest ASIR were for prostate (46.5), followed by
stomach (18.5) and colorectal cancer (12.2). Among women, the
highest ASIR were for breast (33.8), cervix (19.3), colorectal (12.3)
and stomach (10.3). The incidence of breast cancer was twice as
high as cervical cancer, and it accounted for 23.0% of all cancer
cases in women and 37.6% together with cervix. The five cancers
(prostate, breast, cervix, stomach and colorectal) are responsible
for more than 50% of new cancer cases in Colombia (Table
Table 1. Sum of the differences between the observed cancer cases
and the estimated cases squared (sum of squared errors - SSE).
SSE according to the RPC
included in the model
SSE RPCC
SSE RPCC, RPCB
SSE RPCC, RPCP
SSE RPCC, RPCM
SSE RPCC, RPCP, RPCM, RPCB
SSE RPCC, RPCP, RPCM, RPCB*

* Not weighted RPC: Population Registry of Cancer;
RPCC: Population Registry of Cancer, Cali;
RPCB: Population Registry of Cancer, Bucaramanga;
RPCP: Population Registry of Cancer, Pasto;
RPCM: Population Registry of Cancer, Manizales.
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Men

229,603
113,099
193,892
190,927
113,296
126,325

Women

230,699
200,271
182,835
173,383
142,270
145,327

Total

460,302
313,370
376,727
364,311
255,566
271,652

2). Table S1shows the totality of locations in greater detail.
Prostate cancer corresponded to 29.8% of cancer cases among
men; it presented the highest ASIR in the provinces of San Andrés
and Providencia (90.0), Cesar (60.8), Atlántico (60.4) and Valle
del Cauca (59.8) Similarly, breast cancer presented the highest
ASIR in Valle del Cauca (43.5), Atlántico (42.8) and San Andrés y
Providencia (41.9). Provinces such as Arauca (38.7), Meta (37.6)
and Caquetá (30.8) had the highest incidence rates for cervical
cancer (Fig. 1a-e).
Age-standardised cancer incidence rates for stomach in men
predominated in Quindío (32.1), Huila (30.2) and Cauca (26.8);
in women, they were higher in Cauca (16.9), Norte de Santander
(15.9) and Quindío (15.6). In contrast, the Caribbean region
presented the lowest ASIR, in a range of 3.3 -10.7 in men and
2.4 - 6.0 in women (Table 2S). ASIR for colorectal cancer were
very similar for both sexes. In men, Quindío (18.3), Bogotá (18.0)
and Risaralda (16.0) predominated; in women, Quindío (18.5),
Risaralda (16.6) and Caldas (16.2).
Table S2 shows the highest province rates for all cancers; 55%
of cancers occurred in five provinces (Antioquia, Bogotá,
Cundinamarca, Santander and Valle del Cauca). In men, the
largest ASIR were in Quindío (195.5), Risaralda (182.4), Valle
del Cauca (179.6) and Antioquia (173.1); in women, Quindío
(193.3), Caldas (170.4), Risaralda (168.6) and Meta (167.9). The
incidence of cancer in Bogotá and nine other provinces was above
the national average (151.5). Men had a lower incidence ratio than
women only in the provinces of Tolima (M: F; 0.9: 1) and Nariño
(M: F; 0.9: 1).
Mortality from cancer
Annual cancer deaths in men and women were 32,653; 16,081 in
men and 16,572 in women, with an age-standardised mortality
rate (ASMR) of 82.3 in men and 73.2 in women (Table S1). The
incidence / mortality ratio was 1.8 in men and 2.0 in women.
Cancers in men with the highest ASMR occurred in stomach
(14.2), prostate (12.6), and colorectal (6.0). In women, breast
(9.9), cervix (8.2) and colorectal (6.1) (Table 2).
Age-standardised mortality rate for provinces showed notable
differences. 56.0% of the deaths occurred in the provinces of
Antioquia, Bogotá, Cundinamarca, Santander and Valle del
Cauca. The largest ASMR for men were found in Quindío (111.2),
Risaralda (103.2), Antioquia (99.7) and Valle del Cauca (96.8); for
women, Quindío (91.5), Caldas (85.5), Risaralda (91.0) and Meta
(86.2) (Table S2).
In men, the provinces with the highest ASMR for stomach were
in Quindío (24.4), Huila (23.2) and Cauca (20.5). In women,
the highest were in Cauca (12.8), Norte de Santander (12.1) and
Quindío (11.8). Prostate cancer predominated in San Andrés
(25.5), Atlántico and Valle del Cauca, both with ASMR of 16.6.
Mortality per breast cancer represented 13.4% among all cancer
deaths in women; the highest rates presented in San Andrés
(13.3), Valle del Cauca (12.7) and Atlántico (12.5). Provinces such
as Meta (16.5), Arauca (15.9) and Caquetá (13.2) also had the
highest mortality rates from cervical cancer. For colon-rectum,
the highest mortality rates occurred in Bogotá and the Old Caldas
region (Fig. 1 a-e).
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Table 2. Cancer incidence and mortality, five first locations, Colombia, 2007-2011.
Characteristics

Incident cases (year)

Rates (men)

Rates (women)
Observed
deaths (year)

Rates (Men)

Rates (Women)
AAR

Men
Women

ASR

ASR

Men
Women
ASR
CR

ASR

CR, crude rate
ASR, age-standardised rate (per 100,000 years - person)

Stomach
C16
5,955
3,613
2,342
16.3
18.5
10.3
10.3
4,537
2,767
1,770
12.5
14.2
7.8
7.8

Colorectal
C18-C20
5,185
2,401
2,784
10.8
12.2
12.2
12.3
2,544
1,168
1,376
5.3
6.0
6.0

Discussion

According to these estimates, the five main locations of incidental
cancers in Colombia are stomach, colorectal, breast, cervical,
and prostate cancer. This is the third time that this exercise has
been done for Colombia by provinces8, with the incorporation of
the recommendations made in past editions. For the first time,
data from four cancer registries, Cali, Pasto, Manizales and the
Metropolitan Area of Bucaramanga are included in the estimation
models, in addition to the official mortality data registered for
Colombia, with 92.8% of quality in the certification. The importance
of this incorporation lies in the fact that the current estimates reflect
the diversity in the risk profiles for cancer incidence more for each
region. A relevant factor is the quality of the information produced
by the records included in the model, because they already complied
with international quality standards2.
The differences in the numbers incidence estimated by Globocan
2012 are related to the model selected, which includes data from
cancer registries in South America and also for the use of estimated
mortality in the country. Estimating the incidence/mortality
ratio based on the last available year of the registry generated
very volatile figures, so for these locations the information from
the five-year period was used. However, for breast and prostate
cancer, Globocan 2012 considered that this assumption would not
be met with the relative recent introduction of screening for these
pathologies, with a fluctuating result in the incidence/mortality
ratios for these pathologies. This way, Globocan 2012 based the
incidence/mortality ratio only on the result of the most recent
year of reporting of population registries20. On the other hand,
the estimated annual figures for 2007-2011 were lower when
compared with the annual figures of incidence estimated in 20022006, because in this study the correction for under-registration
of mortality was not incorporated21.
When contrasting the incidence and mortality information
generated in Colombia using other sources13,14, a great difference in
figures is evident, both in absolute numbers and rates. Probably this
discrepancy is due to the different methods used in the collection,
processing and analysis of the data, sometimes resulting in less than
50% of the real number of patients present in the country15.
19

6.1

Breast
C50
7,627
…
7,627
…
…
33.5
33.8
2,226
…
2,226
…
…
9.8
9.9

Cervix
C53
4,462
…
4,462
…
…
19.6
19.3
1,861
…
1,861
…
…
8.2
8.2

Prostate
C61
8,872
8,872
…
40.0
46.5
…
…
2,416
2,416
…
10.9
12.6
…
…

In general, for Colombia, standardized rates of both incidence and
mortality were lower than in countries such as the United States,
Australia, New Zealand and countries of South America22. In turn,
these five types of cancer were also the main incidental cancers
and the leading cause of mortality in Central and South America.
However, it is highlighted that stomach cancer and cervical cancer
have much higher rates than in other Latin America countries,
such as Brazil, Argentina and Mexico, among others23.
The first three locations with the highest incidence (of cancer)
in men were prostate, stomach and colon-rectum; and breast,
cervix and colon-rectum in women. It is noteworthy that all the
five main locations are characterized by having surgical treatment
as a fundamental element in the comprehensive management of
the disease. By geographical location, these cancers occur in five
of the main provinces of Colombia, such as Antioquia, Bogotá,
Cundinamarca, Santander and Valle del Cauca, which have
the largest population. This situation implies in absolute terms
(frequencies), the basis to make decisions about the number
of health institutions needed in the different areas. In fact, this
is corroborated in the panorama of oncology services enabled,
mainly in surgery, and in these provinces of the country24.
The incidence and mortality from stomach cancer is one of the
first causes in the country, and this behavior is similar in Latin
American countries such as Argentina, Brazil, Chile and Costa
Rica23. It is highlighted that despite the behavior, the tendency has
been to decrease in recent decades25,26. This decrease is attributed to
the improvement in hygiene conditions and food preservation24,27.
In gastric cancer, the smallest difference between mortality rates
versus incidence rates occurs because it is a highly fatal cancer.
Colorectal cancer corresponds to 8.3% of the incident cases in
the country, and its behavior in other Latin American countries
turns out to be much higher than in Colombia, even with higher
rates than for stomach cancer, in countries such as the United
States, Brazil and Argentina23. Obesity is one of its risk factors,
and its behavior in the country was of high figures of overweight
according to the survey of nutritional status (ENSIN, for its
Spanish acronym) from 2010. The highest prevalence of excess
weight occurred in urban areas (52.5%) and in women (84.1%),
which may explain the behavior of the rates.
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1b. Colorectal
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Figure 1(a-e). Cancer incidence and mortality, according to provinces, five main locations, Colombia, 2007-2011.
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In relation to prostate cancer, it is the first diagnosis most
frequent in men, whose incidence rate (46.5) is below the rate
for South America (60.1), but above the rate for Central America
(28.4)23. In addition, it is the second cause of cancer mortality in
Colombia, with the highest mortality rates in the coastal region
and Valle del Cauca. The wide incidence ranges may be due to
screening programs (prostate-specific antigen tests - PSA), to the
availability of treatment services in the different regions since
these provinces coincide with those with the highest percentage
of Afro-Colombian population.
Something similar occurs with regional differences in breast
cancer incidence rates, provinces with a large proportion of
Afro-Colombian population; as well as being influenced by the
availability of early detection services; and reproductive and
hormonal risk associated factors, such as overweight or obesity,
post-menopause, the use of menopausal hormone therapy,
physical inactivity and alcohol consumption28,29.
A downward trend in cervical cancer has also been found , with the
highest rates in provinces of the Orinoquía region. This particular
case may be associated with low access in the diagnostic process
for this population. According to vaccination campaigns against
HPV, coverage in 2012 was above 95% in the whole country, with
the exception of Caquetá (82.2%), Vichada (74.4%) and Putumayo
(86.1%) for the first phase; Guainía, Vaupés and Caquetá, among
others, for the second phase30. It is necessary to continue with the
coverage of screening programs and to comply with vaccination
coverage against human papilloma virus (HPV), whose prevalence
is 16% in Latin America, in order to achieve early detection and
elimination of precancerous lesions, and of HPV31.
26

The limitations of this study include the fact that only 12% of the
population in Colombia is covered by four high-quality RCBP,
and the estimates were made according to the latest available
information from the RCBP (quinquennium). The processes of
completeness (thoroughness) and validity of the data takes longer,
which generates delays in the reports of population incidence and
therefore in the national estimates.

Conclusions
Colombia, classified as a middle income country, presented
higher estimates in cancers such as breast, prostate, as well as a
proportion of cancers related to infection, such as stomach and
cervical cancer. Estimates from RCBP strategically located within
a country constitute an effective option that is currently used by
different countries such as Brazil, Colombia, Turkey and China,
among others2. However, RCBP as a standard strategy for cancer
surveillance, burden measurement and evaluation of the impact of
the disease32,33 present the difficulty of having a national coverage,
a situation that lies in viability and long-term sustainability3,34.
Population registries of cancer and vital statistics - DANE, provide
sufficient information to produce estimates at the national and
province levels. It would be desirable to improve the quality of
some existing cancer registries in other areas of the country, so
they can be included in the estimates, and to establish some other
registries, in order to expand the current coverage (12%). Only
through RCBP of good quality and long trajectory can information
be obtained about changes in the incidence trends.
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