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Introduction

With more than 1.7 million deaths, lung cancer 
continues to be the leading cause of cancer-related death 
worldwide . Lung cancer is strongly related to smoking, 
being one of the preventable risk factors of this disease. 
Although mortality is typically higher in males than in 
females, the male-to-female ratio varies widely across 
regions (Sung and Ferlay et al., 2021). In Latin America 
the late 1990s, smoking prevalence started to increase 
rapidly among males, whereas females began to increase 
a few decades later (Costa e Silva and Koifman 1998; 
Islami and Torre et al., 2015). Moreover, the prevalence 
of other recognized risk factors also modifies the burden 
of this disease (air pollution, occupational exposures, and 
radiation) (Mao and Yang et al., 2016).

In Latin America, lung cancer has the highest mortality 
rate along with breast, stomach, and prostate cancers in 
these region (Bray and Piñeros 2016; Bray and Ferlay 
et al., 2018; Carioli and Bertuccio et al., 2020), and 
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represents a public health problem (Raez and Cardona et 
al., 2018). These lung cancer mortality rates are also strong 
related to smoking. In recent years, tobacco consumption 
has increased in women, and decreased in male (Islami 
and Torre 2015). Furthermore, Latin America reported 
a high smoking prevalence, only behind the Asian and 
European countries (Islami and Torre 2015), and in the 
first decade of XXI century, smoking has affected life 
expectancy, especially but not exclusively in men of the 
region (Palloni and Novak et al., 2015). 

Although previous research have identified lung 
cancer as a public health problem in the Latin American 
population (Carioli and Bertuccio 2020; Carioli and La 
Vecchia et al., 2017), in Peru represents 11% of deaths 
from cancer, behind gastric cancer (Zafra-Tanaka and 
Tenorio-Mucha et al., 2020), there is scarce literature 
about the distribution of lung cancer within a specific 
country. The disparities between and within the regions 
of Peru might have generated a disproportionally 
epidemiological transition (Programa de las Naciones 
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Unidas para el Desarrollo 2019), affecting the distribution 
of smoking prevalence and lung cancer mortality. As a 
result, it is crucial to perform a comprehensive analysis 
of the mortality trends for lung cancer to understand on its 
temporal pattern by gender and region within Peru. This 
outcomes could improve the understanding of lung cancer 
distribution and provide insights for the development of 
public health interventions in the most affected regions. 
Therefore, we estimate the mortality trends for lung 
cancer by sex in Peru and its geographical areas. Also, we 
evaluate the smoking prevalence in Peru and its provinces.  

Materials and Methods 

Study Design 
We performed an ecological study using the Peruvian 

Ministry of Health database for the period 2008-2017. 
The database contains the death certificates from health 
centers across the 25 provinces of Peru. The information 
is available through its online platform: http://www.minsa.
gob.pe/portada/transparencia/solicitud/, and provides the 
number of deaths aggregated into five age groups and by 
sex. Deaths from lung cancer were identified by the codes 
C33 and C34 of the International Classification of Diseases 
(ICD), 10th revision (1992). 

The smoking prevalence from 2013 to 2017 was 
estimated using the databases from the Demographic 
and Family Health Survey (ENDES in Spanish), 
population-based annual survey ejecuted 25 administrative 
provinces of Peru, and conducted under model and 
methodology of the Demographic and Health Surveys 
Program (DHS Program) by the National Institute of 
Statistics and Information (INEI in Spanish). Information 
of smoking habits are extraacted from individuals aged 15 
years or older . The complete details of the survey design 
and data can be found in the following website: http://
iinei.inei.gob.pe/microdatos. 

Setting
Peru is in the Andean region of South America, south 

of the equator line and on the coast of the Pacific Ocean. 
It is divided into 25 administrative provinces which are 
located across three major geographical regions: coast, 
highlands, and rainforest. The coast region only covers 
11.7 % of the national territory, but it is the most populated 
region with approximately 56.3% of the total population 
of Peru. The highlands cover approximately 27.9% of the 
national territory, including 29.7% of the population. The 
rainforest is the largest region of the country, accounting 
for 60.3% of the national territory, but only contains 14% 
of the total population. 

Statistical analysis 
Age-standardized mortality rate (ASMR) per 100,000 

person-years were analyzed using the direct method based 
on the world’s standard SEGI population (National Cancer 
Institute). Joinpoint mortality trends were estimated using 
the Joinpoint regression Program Version 4.7.0 (Magnani 
and Bianchi et al., 2015; Kim and Fay et al., 2000). We 
used the variable “ever smoking in the last 12 months” 
to estimate the smoking prevalence from 2013 to 2017. 

First, we aggregated the individual-level data into nine age 
groups (15-24, …, and 95-100). Then, an average weighted 
smoking prevalence was estimated for each province by 
sex and by age group.

 
Results

Between 2008 and 2017, Peru had an average 
of 2,728 deaths with mortality rates (per 100,000 
person-years) of 11.63 among males and 9.22 among 
females (male-to-female ratio of 1.3). According to 
regions, the highest mortality rate was in the coast (13.15 
for males and 10.32 for females). The highlands had a rate 
of 8.42 for males and 7.23 for females and the rainforest 
a rate of 8.75 for males and 5.32 for females (Table 1). 

Figure 1 displays the mortality trends for lung 
cancer from Peru and its regions. Peruvian males had 
mortality rates above 10 per 100,000 person-years in most 
years, whereas females had rates above 8 per 100,000 
person-years. Peru experienced a significant downward 
mortality trend in males (APC: −3.6% annually, 95%CI: 

Geographical 
areas

Males Females Ratio (Male 
to Female)Deaths Rates Deaths Rates

Peru 1444 11.63 1284 9.22 1.3

Coastal region 1092 13.15 982 10.32 1.3

Ancash 49 9.88 49 9.03 1.1

Arequipa 69 11.76 74 11.53 1

Callao 75 17.3 61 12.19 1.4

Ica 40 11.73 35 9.35 1.3

La Libertad 80 10.61 74 8.77 1.2

Lambayeque 58 10.82 50 8.32 1.3

Lima 622 14.97 564 11.32 1.3

Moquegua 7 7.4 9 11.04 0.7

Piura 65 9.25 47 6.21 1.5

Tacna 17 12.68 14 11.06 1.1

Tumbes 10 12.93 6 8.24 1.6

Highlands region 262 8.42 253 7.23 1.2

Apurimac 13 7.78 13 6.65 1.2

Ayacucho 20 9.17 23 8.42 1.1

Cajamarca 36 6.67 27 4.24 1.6

Cusco 33 6.09 38 6.48 0.9

Huancavelica 17 11.87 16 9.64 1.2

Huanuco 35 11.22 33 9.67 1.2

Junin 60 11.75 58 10.37 1.1

Pasco 12 11.22 10 9.74 1.2

Puno 35 6.3 35 5.51 1.1

Rainforest 
region

90 8.75 49 5.32 1.6

Amazonas 11 7.12 10 6.46 1.1

Loreto 36 11.13 16 5.38 2.1

Madre de Dios 3 6.21 2 5.44 1.1

San Martin 29 9.36 15 5.63 1.7

Ucayali 11 5.75 6 3.91 1.5
a, Annual average of deaths for a 10-year period (2008–2017); b, Age-
standardized rates per 100,000 person-years.

Table 1. Lung Cancer Deaths and Mortality Rates in Peru 
and Its Geographical Areas from 2008 to 2017
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−5.5, −1.6, p<0.05), whereas females had a downward 
trend, but not significant. The coast region experienced 
a downward trend since 2011 among males (APC: −6.8 
annually, 95%CI: −10.4, −2.9, p<0.05) and females 
(APC: −7.0 annually, 95%CI: −9.6, −4.3, p=0.001). The 
highlands region had an upward trend among females 
since 2008 (APC: +3.4 annually, 95%CI: 0.7, 6.1, p<0.05), 
whereas males did not have significant changes. On the 
contrary, the rainforest region had a downward trend 
among males since 2008 (APC: −7.5 annually, 95%CI: 
−13.1, −1.5, p<0.05), whereas females did not have 
significant changes.

Table 2 shows the mortality trends of lung cancer 
in the Peruvian provinces. Among males, five coastal 
provinces showed significant downward trends annually. 
Ancash declined by 5.4%, Callao by 10%, Lambayeque 
by 4%, Piura by 4.5%, and Tumbes by 16.3%, while 
Lima declined by 7.3% from 2011 up to 2017. Apurimac 
(highlands province) showed a significant rise of 10.6%, 
whereas Loreto (rainforest province) declined by 
10.2% annually. Among females, there was an annually 
significant decrease in Callao by 7.6%, and in Piura by 
9.5%, moreover, a significant decrease was reported in 
Lima by 7.3% from 2011 until 2017. In contrast, Apurimac 
(highlands province had a significant rise of 11.6% in the 
whole period (Figure 2). 

Smoking prevalence was higher in males than in 
females, ranging from 20–50% among males and 2–15% 
among females. Cajamarca, La Libertad, Piura, and San 

Figure 1. Temporal Trends for Lung Cancer Mortality in Peru and Its Regions between 2008 and 2017 (● Males, and 
▲ Females). 

Martin had the lowest smoking prevalence in both genders. 
Rainforest provinces such as Madre de Dios and Ucayali 
had the highest prevalence among males (above 45%) and 
females (above 5%) (Figure 3). In addition, the 25-34 age 
group had the highest smoking prevalence (above 50% in 
males, and near 10% in females), followed by the 15-24 
age group (above 40% in males, and near 10% in females) 
(Figure 4).

Discussion 

Our study provides a temporal analysis of lung cancer 
mortality rates as well as the smoking prevalence for 
Peru and its geographical areas. Mortality trends varied 
according to geographical regions and sex, e.g. Highlands 
region females had a significant upward mortality trend, 
but a downward trend in coast region. In contrast, males 
experienced downward mortality trends in coast and 
rainforest region. Moreover, males still have higher lung 
cancer mortality rates than females, except in Moquegua 
and Cusco. Smoking prevalence is high among young 
adults. 

We found lower mortality rates than European and 
some Latin American countries. Malvezzi et al., (2017) 
found that European males had a mortality rate above 
30 per 100,000 males, whereas females had a mortality 
rate above 10 per 100,000 females. In Latin America, 
only Argentina and Cuba had similar mortality rates 
to European countries (Carioli and Bertuccio 2020; 
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Figure 2. Temporal Trends for Lung Cancer Mortality in Peruvian Provinces between 2008 and 2017. 

Figure 3.  Smoking Prevalence by Sexes for Peruvian Provinces in 2017
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Carioli and La Vecchia, 2017), while Colombia and 
Mexico reported lower mortality rates than our study 
(Carioli and Bertuccio, 2020; Carioli and La Vecchia 
2017). These studies did not include Peru (Carioli and 
Bertuccio, 2020; Carioli and La Vecchia, 2017), probably 
because of the under-reporting death certification reported 
(Torres-Roman and Gomez-Rubio et al., 2020; Ruiz and 
Torres-Roman et al., 2019). In this study, we corrected 
the under-reporting, providing the first large study of lung 
cancer mortality from Peru. 

The reasons for the downward mortality trends for 
lung cancer in our population could be related to the 
implementation of public health programs and policies, 
the rise of the human development index (HDI), and the 
different levels of exposure to established risk factors 
for lung cancer. Peru has made pivotal public health 
achievements towards controlling tobacco consumption 
in the last three decades. The government enacted several 
laws from 1991 to 1998 that prohibited smoking in public 
places and prevent exposure to tobacco (Congreso de 
la República, 1991; Congreso de la República ,1997; 
Congreso de la República, 1997; Congreso de la República 
1998). Subsequently, the implementation of the Plan 
Esperanza in 2012 provided funding for the development 
of health promotion and prevention campaigns, as well 
as to provide resources to increase diagnosis and access 
to treatment cost for several neoplasms, including 
lung cancer, reducing the out-of-pocket expenditure 
for vulnerable populations in low-economic settings 
(Vidaurre and Santos et al., 2017). The combination of 
these efforts has made improvements in the delivery 
of healthcare services that could explain the downward 
trends found in our analysis. Of these interventions, the 
smoking restriction efforts have probably had the highest 
impact (Jemal and Thun et al., 2008; Feuer and Levy et al., 

2012), and can explain the changes observed around 2005. 
Another explanation is the relationship between the HDI 
and mortality trends for lung cancer (Wong and Lao et al., 
2017). Wong et al., (2017) identified that the countries with 
a high HDI reported decreases in the mortality rates, while 
countries with low HDI have not shown favorable trends. 
Peru’s HDI shifted from a medium category during the 
90s to a high category in the early 2000s (United Nations 
Development Programme 2019); hence, it is plausible that 
the increase in HDI may have influenced the mortality 
reduction over time.

Despite declining mortality trends, males still have 
higher rates compared to females. But  the male-to-female 
ratio found in Peru was 1.33, probably due to the reduction 
in the prevalence of smoking in men, but not in women. 
This ratio is lower than in other Latin American countries. 
In the last 10 years, Argentina tripled the mortality rates 
in males compared to females, whereas Brazil, Chile, 
Cuba, and Mexico doubled this ratio. These findings are 
consistent in previous studies (Hernández-Garduño and 
Ocaña-Servín, 2018; Ruoyi and Baosen, 2014; Aareleid 
and Zimmermann et al., 2017). The difference in lung 
cancer mortality by sex reflects the variable degree of 
exposure to risk factors such as tobacco use or smoking 
habits between males and females (Thun and Carter et al., 
2013). The latest report of the American Cancer Society 
and Vital Strategies identified that the daily use of tobacco 
remains higher in Peruvian males than females (11.9% vs. 
4.2%) (Drope and Schluger et al., 2018), which explains 
the higher mortality rates seen in males. Moreover, the 
observed lung cancer mortality trends in our study reflect 
the prevalence of past tobacco use. Another highlights 
of our study was that the young population had a higher 
smoking prevalence compared to older population. Which 
means that the young population with concurrent smoking 

Figure 4. Smoking Prevalence According Age Group in Peru
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habits are at risk of developing lung cancer in the coming 
decades. In a study focused on the young population of 
Lima, it stands out that among the tumors with the highest 
mortality in men is lung cancer. A segment where this 
diagnosis is not so common (Luna-Abanto and Ruiz et 
al., 2020) 

Although Latin America has implemented effective 
control measures against tobacco (Burki, 2017), there is 
still room for improvement, especially in the provinces 
with smoking prevalence as high as 50%. For this reason, 
Peru should implement public health programs to lower 
smoking prevalence, with the final aim to reduce the 
morbidity and mortality of lung cancer (Pichon-Riviere 
and Bardach et al., 2016), and reduce the financial impact 
of smoking on the health system in Peru (Pichon-Riviere 
and Bardach, 2016).

The marked geographic variability of the mortality 
rates of lung cancer in Peru probably highlights the 
different prevalence of well-known risk factors (asbestos, 
radon, fumes from biomass fuels, air pollution), besides 
tobacco (Barone-Adesi and Chapman et al., 2012; Grosche 
and Kreuzer et al., 2006; Barcenas and Delclos et al., 2005; 
Raaschou-Nielsen and Andersen et al., 2013). To date, 
Peru continues to use chrysotile asbestos (Torres-Roman 
and Gomez-Rubio 2020), which hampers the reduction 
of mortality rates of lung cancer, diminishing the benefits 
of the enacted health policies against smoking tobacco. 
Less attention, but with probable greater impact, is the 
outdoor environmental pollution with air quality levels 
among the worst in Latin America (50 µg / m3 PM2.5 in 
Lima 2005-2011) (Gonzales and Steenland, 2014). On 
the other hand, indoor pollution derived from the use of 
biomass fuels for cooking or heating rooms still occurs in 
a third of the population (Gonzales and Steenland, 2014). 
The Pan American Health Organization, the World Health 
Organization, and the German Development Cooperation 
Agreement found that pollution using biomass fuel is a 
risk factor for the development of lung cancer (Kim and 
Jahan et al., 2011). There are multiple reports that point to 
wood or charcoal smoke indoors exposure as a risk factor 
for lung cancer (Arrieta and Campos-Parra et al., 2012; 
Hernandez-Garduno and Brauer et al., 2004; Arrieta and 
Cardona et al., 2015; Arrieta and Cardona et al., 2011; 
Corrales and Rosell et al., 2020). In this populations, it 
has been associated with EGFR gene alterations, specifical 
mutations in exon 21 or deletions of exon 19, associated 
with non-smokers, females, and adenocarcinoma histology 
(Arrieta and Cardona, 2015; Arrieta and Cardona, 2011). 
In Latin America, several studies have reported an 
intermediate range of EGFR gen alterations between Asia 
and Caucasian populations, with frequencies between 
19% (Argentina) and 60% (Peru) (Arrieta and Cardona, 
2011). In fact, studies with a greater number of cases 
have consistently reported elevated frequencies in Peru 
(between 51.1 and 32% of EGFR gene alterations) (Arrieta 
and Cardona, 2015; Mas and Piscocha et al., 2017). In the 
Peruvian region of the highlands, families use biomass 
fuels for cooking, which is a more common task for the 
female population. This scenario places females, who are 
directly in contact with food cooking, at a high level of 
exposure to smoke, dust, and gases, which has a negative 

impact on their health. Therefore, this risk factor could 
be responsible for the increase in the mortality rates in 
females in the highlands regions reported here. More 
epidemiological data is required to establish this possible 
relationship in our population between exposure to wood 
smoke and this high frequency of alterations in the EGFR 
gene, which is not the objective of the current work.

Future directions
Improved cancer mortality registration in various 

geographic areas of Peru remains a requirement for 
monitoring its trends. Tobacco control and eventual 
elimination is the key issue for reducing lung cancer 
mortality. Moreover, the control of biomass fuels and 
prohibition of the use of chrysotile asbestos.

Limitations
Our study has some limitations. The lack of information 

on new cases of lung cancer limits the estimation or other 
parameters like incidence or mortality-to-incidence ratio. 
Moreover, we used a secondary database, which is subject 
to underreporting. However, we applied data correction 
as previous studies (Torres-Roman and Gomez-Rubio 
2020,Ruiz and Torres-Roman 2019), which reduces 
the bias of sub-registry. In addition, we do not have 
information on smoking prevalence in previous decades, 
which did not allow us to evaluate the temporal trend of 
this habit in the Peruvian population.

In conclusion, our study shows that Peru had 
downward mortality trends for lung cancer, mainly 
in males. In addition, some regions and provinces are 
increasing their mortality rates. Peru had a high smoking 
prevalence, principally among young adults. Primary 
care interventions are important to reduce the smoking 
prevalence, which will decrease lung cancer mortality 
rates.
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