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Abstract

Purpose To analyze and interpret age- and sex-specific

incidence trends of lung cancer in Granada over the period

1985–2012 and to further analyze these trends by histo-

logic subtype.

Methods Incidence data were obtained from the popula-

tion-based cancer registry located in Granada (Southern

Spain). All cases with newly diagnosed primary lung

cancer over the period 1985–2012 (n = 8658) and defined

by International Classification of Diseases 10th Revision

(codes C33–C34) were included. Joinpoint regression

analysis of age-standardized incidence rates was used to

estimate the annual percent change (APC) and 95 % con-

fidence intervals. Results are presented overall and by sex,

age groups (0–34, 35–54, 55–64, 65–74, C75 years) and

histologic subtypes.

Results Temporal trends of incidence rates by sex, over

the period 1985–2012, showed a distinct pattern. A sig-

nificant change point of the trend was observed in males in

1994 (APC: ?2.5 %; 95 % CI 0.7–4.4 from 1985 to 1994

and -1.4 %; 95 % CI -2.0 to -0.7 from 1994 onward).

This general change was mainly caused by the age group

65–74 years and by the higher incidence of squamous cell

carcinoma histologic subtype. In females, lung cancer

incidence increased over the entire study period by ?4.2 %

per year (95 % CI 3.1–5.4); this trend was mainly caused

by the age group 55–64 years (APC = ?7 %) and by

adenocarcinoma incidence between women (APC =

?6.8 %).

Conclusion Male lung cancer incidence rates have

decreased in Granada, while female rates have increased

overall especially in younger women. These trends may

reflect the increased consumption of cigarettes in women,
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especially during younger ages. Lung cancer prevention

through tobacco control policies are therefore of utmost

importance.

Keywords Lung cancer � Incidence � Trends � Histologic

types � Sex differences � Population-based study

Introduction

Lung cancer causes more than 1.1 million deaths annually

worldwide, establishing itself as the leading cause of cancer

death in men and the second one in women [1]. In Europe, it

is the third most common cause of cancer, only after breast

and prostate cancer, with an age-standardized mortality rate

(ASR-E, European-standard population) of 64 and 19 per

100,000 men and women, respectively [2]. Spain presents a

similar data, though with a greater disparity between sexes.

Lung cancer is the fourth most common cancer among

women in Spain, after cancer of the breast, colon and corpus

uteri, with 4935 lung cancer incident cases and an ASR-E of

15.7 per 100,000 women (5.6 % of all cancers) [3, 4]. This

difference, although still of great importance, is decreasing

due to stable incidence in men and a progressive increase in

women since the late 1990s [5].

Trends in the overall and age-adjusted lung cancer

incidence are determined by population exposure to

smoking: it is estimated that 85–90 % of cases of lung

cancer can be attributed to the consumption of cigarettes.

In those Western countries where there is a widely expo-

sure to smoking from nearly 100 years ago, a decrease in

the incidence and mortality is observed, thanks to the

implementations of population control programs. Cur-

rently, smoking is a growing problem in newly industrial-

izing countries across Asia and Europe and between young

women worldwide [6, 7]. In Spain, the peak in smoking

among men was reached in the 1950–1959 birth cohort, but

smoking among women was rare until 1960. Female

smoking prevalence rates increased progressively among

subsequent cohorts until 1980 [8]. The age distribution of

smoking prevalence in women in 1990 mimics that

observed in men 40 years earlier [9].

Regardless of sex differences in the relative risk of lung

cancer in smokers, lung cancer appears to be a biologically

different disease in women. The histological distribution of

lung cancer among women is distinctly different from that

among men [9, 10]. Female smokers are more likely to

develop adenocarcinoma of the lung than squamous cell

carcinoma, which is more common in men [11]. During the

last period, a change in the international trends by histologic

type has also been observed. The incidence of squamous cell

and small cell lung cancer in men has decreased compared to

the stable or increasing trend of adenocarcinoma. Among

women, although they all exhibit an increasing incidence, it

is even more pronounced in the adenocarcinoma case. These

epidemiologic features have been confirmed in Spanish

women [12], where approximately 60 % of patients were

current/former smokers and with adenocarcinoma being the

most common histologic subtype [11, 13, 14]. Never

smokers with lung cancer almost uniformly have adenocar-

cinoma and are also approximately 2.5 times more likely to

be female than male [15]. This difference in histologic dis-

tribution, with glandular differentiation being more common

in women, may be explained by differences in genetic, bio-

logic and hormonal factors.

In this study, we described the incidence rates of lung

cancer during the period 2008–2012 and analyzed lung

cancer trends in Granada over the 1985–2012 period; we

further analyzed these trends by age, sex and histologic

subtypes through data from population-based cancer reg-

istry of this geographical area.

Materials and methods

Population, data source and data collection

The study population was derived from a population-based

cancer registry located in Southern Spain, the Granada

Cancer Registry, which started in 1985 and covers a pop-

ulation of about 920,000 inhabitants (2011 intercensal

population estimates. Source: Instituto Nacional de Esta-

dı́stica http://www.ine.es).

8658 persons residing in the Granada Province were

diagnosed with an invasive first primary lung cancer (new

cases) between 1 January 1985 and 31 December 2012.

Lung cancers were defined as codes C33–34, according

to the International Statistical Classification of Diseases

and Related Health Problems 10th Revision (ICD-10) [16].

Standard cancer registry procedures and coding rules

were applied in the Granada Cancer Registry. This registry

regularly publishes its data in Cancer Incidence in Five

Continents (CIFC) monographs. Granada Cancer Registry

has obtained in these monographs good global quality

indicators for the period 1985–2007. Furthermore, Granada

Cancer Registry is the member of the European Network of

Cancer Registries and collaborates in the EUROCARE

study [4].

Age at diagnosis was categorized as: 0–34, 35–54,

55–64, 65–74 and 75 and more years.

Topography and morphology were coded according to

International Classification of Diseases for Oncology, 3rd

Edition, ICD-O-3 [17] in the period 1998–2012, while

ICD-O-2 [18] was used for the period 1985–1997.

Histologic groups were defined, using WHO histological

classification of tumors [19] into four major types: small
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cell lung carcinoma (ICDO-3 codes 8041–8045); large cell

lung carcinoma (8012–8014, 8082, 8123, 8310); squamous

cell lung carcinoma (8052, 8070, 8073, 8083–8084); ade-

nocarcinoma (8140, 8230, 8250, 8252–8255, 8260, 8310,

8333, 8470, 8480, 8490, 8550); and other/unspecified.

Population estimates for the period 1985–2002 were

obtained from Institute of Statistics and Cartography of

Andalusia (http://www.ieca.junta-andalucia.es/eiep/indicetab.

htm) and for the period 2003–2012 from Statistics National

Institute (http://www.ine.es/jaxiT3/Tabla.htm?t=9687).

Incidence rates were calculated with R software.

Because of sex differences in smoking habits and temporal

trends for lung cancer, separate analyses were conducted

for men and women.

Statistical analysis

European-standardized incidence rates (ASR-E) were cal-

culated by multiplying the age-specific incidence rates with

the standard European population and expressed per

100,000 person-years.

Rates for men and women are presented by sex, age

group (0–34, 35–54, 55–64 years, 65–74 and C75 years)

and histologic type (small cell carcinoma, squamous cell

carcinoma, adenocarcinoma, large cell carcinoma and

other).

Joinpoint regression analysis of age-standardized inci-

dence rates (ASR-E) was used to estimate the annual per-

cent change (EAPCs) in trends of lung cancer incidence

over time. EPACs were computed by fitting connected

linear trends on a log scale with calendar year as a

regressor variable, assuming constant variance and uncor-

related errors. In the regression analysis, up to three change

points (four trend line segments) were allowed.

Rates were considered to increase or decrease if the

p value for trend was\0.05.

EAPCs and corresponding 95 % confidence intervals

were calculated for the overall population, by gender, age

group (0–34, 35–54, 55–64, 65–74, 75 years and more) and

histologic subtypes.

Results

Lung cancer incidence: Granada, 2008–2012

By sex

Over the period 2008–2012, 1566 new cases of lung cancer

in men and 263 women were collected, resulting in a crude

rate of 69 new cases per 100,000 men and 11 per 100,000

women. European-standardized incidence rate during this

period was 59 and 9 per 100,000, respectively, and world-

standardized rate was 39 and 7 per 100,000, respectively.

The male–female age-standardized incidence ratio was 6.4.

Lung cancer was the second most commonly diagnosed

cancer in males in Granada, accounting for 14 % of all new

cancers (except non-melanoma skin cancer), while it was

the ninth most common cancer in females (3 % of the

total).

By age

In men, 68 % of the new diagnoses of lung cancer were

made for men older than 65 years. The incidence rate was

highest in men over 75 years. For women, the peak inci-

dence was between 55 and 64 years, unlike what was

observed in men in whom 43 % of the new cases occurred

in people over 65 years. The incidence in the group pop-

ulation of 0–34 years old was low for both sexes (Table 1).

By histologic type

The incidence by histological group during this period

shows differential characteristics between sexes. In men, a

diagnosis of squamous cell carcinoma was observed in

34 % and adenocarcinoma in 30 %. The distribution of the

remaining cases showed 13 % of small cell carcinoma and

1.8 % of large cell carcinoma. Among women, adenocar-

cinoma was the most frequent histological type, with 57 %

of diagnoses. Squamous cell carcinoma accounted for

10.5 %, and small cell carcinoma and large cell carcinoma

were the second and fourth most frequent, with 11.5 and

1.4 %, respectively. These data correspond to those

Table 1 Lung cancer incidence (%) by sex, age and histologic type,

Granada 2008–2012

Men Women

Age

0–34 0.4 0.8

35–54 10.7 27.4

55–64 21.2 28.5

65–74 31.7 14.4

C75 36.0 28.9

Histological type

Nonmicroscopical verification 22.5 17.1

Microscopical verification 77.5 82.9

ADC 29.5 56.9

SCC 34.2 10.5

LCC 1.8 1.4

SmCC 13.2 11.5

Others 21.3 19.7

ADC adenocarcinoma, SCC squamous cell carcinoma, LCC large cell

carcinoma, SmCC small cell carcinoma
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diagnoses in which histological confirmation was obtained:

77.5 % of cases diagnosed in men and 83 % of those

diagnosed in women (Table 1).

Temporal incidence trends on lung cancer:

Granada, 1985–2012

By sex

Overall, we observed an increase in the number of cases

compared to those of previous periods. This increase is

proportionately greater in women than in men. European-

standardized incidence shows a decrease of 6.5 % for men,

compared to a growth of 180.7 % in women. Analyzing

temporal trends in incidence in the period 1985–2012, we

observed in men an APC = ?2.5 % (95 % CI 0.7–4.4) to

the 1990s, which continues with an APC = -1.4 % (95 %

CI -2.0 to -0.7) until 2012. However, in women an

APC = ?4.2 % (95 % CI 3.1–5.4) is observed over the

entire period (Fig. 1).

By age

In the analysis by age, the general trend is observed in males

in the age group 65–74 years. The 0–34 and [75 years

groups showed an APC = ?2.4 and ?0.4 %, while the

55–64 years group showed APC = -0.9 % (Fig. 2). For

women, all groups showed a positive trend, especially the

segment 55–64 years with APC = 7 % (Fig. 3).

By histologic type

In men, stratification by histological type showed an APC =

-3.6 % for squamous cell carcinoma until the mid-1990s.

From that moment on we observed a change in trend, with

an APC = ?2.2 %. Adenocarcinoma has an APC =

?5.3 % during the study period, a trend that has led in

2012 to submit an incidence higher than that of squamous

carcinoma. Large cell carcinoma showed an APC =

?4.1 %, although the incidence was maintained at values

below the other types (Fig. 4). All histological types

showed a positive APC in women, except large cell car-

cinoma. It stands out that adenocarcinoma has an

APC = ?6.8 %, a trend proportionally greater than that

presented by other histological types (Fig. 5).

Discussion

Further understanding of the underlying causes for trends

over time can be gained by assessing the trends by sex and

histological subtype. Lung cancer trends are more complex

on stratification by histological subtype, and insight may be

gained by assessing trends according to the well-estab-

lished etiology by histology.

Our study showed that during 1985–2012, the overall

incidence of lung cancer significantly decreased among

men and increased among women, and trends differed by

age and histological subtype. In women, all age groups

show a positive trend especially the segment 55–64 years,

Fig. 1 Standardized (European population) lung cancer incidence rate trends in males and females in Granada from 1985 to 2012. APC annual

percent change
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while in men the general trend is observed in the age group

65–74 years. We also observed a positive APC in all his-

tological types in women, except for large cell carcinoma.

In men, on the other hand, we found a higher incidence of

adenocarcinoma subtype compared to squamous carci-

noma. In relation to small cell carcinoma, no changes from

1985 to 2012 were observed in men, while an increase

(APC = 3.8 %) occurred in women. These findings are

Fig. 2 Age-standardized (European population) lung cancer incidence rate trends for men in Granada from 1985 to 2012. APC annual percent

change

Fig. 3 Age-standardized (European population) lung cancer incidence rate trends for women in Granada from 1985 to 2012. APC annual percent

change
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consistent with previous studies where it is considered that

these trend modifications are related to changes in smoking

patterns and characteristics of tobacco [11, 13].

In men, several nations have now passed the peak of

tobacco-related epidemic, and the incidence and mortality

rates are now decreasing. In women, however, the

incidence has increased over this time period, but has

plateaued in the past decade [7]. Declines in lung cancer

incidence among men tended to follow the earlier uptake

and cessation in the US and European populations and for

which rates have historically been highest [20, 21]. Lung

cancer incidence rate in Spain shows a marked difference

Fig. 4 Annual percent change (APC) in standardized incidence rate (per 100,000 per year) for histological types of lung cancer from 1985 to

2012 for men in Granada. APC annual percent change

Fig. 5 Annual percent change (APC) in standardized incidence rate (per 100,000 per year) for histological types of lung cancer from 1985 to

2012 for women in Granada. APC annual percent change
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between sexes. While worldwide the ratio is 2.7, it is much

higher in the south of Europe [2, 5]. In 2012 we observed in

Spain an overall male–female incidence ratio of 4. How-

ever, Granada standardized incidence rate for men was 6.4

times higher than women in 2012 [5]. These trends are an

indicator of the impact of recent and potential future

changes in the prevalence of risk factors—notably tobacco

smoking—on lung cancer rates. Among effective tobacco

control measures are the increase in price or taxation of

cigarettes and other tobacco products, the extension of

smoking ban to all public and working spaces, the

restrictions on advertising tobacco products, the increase in

media campaigns and health warning against tobacco and a

more widespread access to treatments for smoking cessa-

tion [22]. However, of note are the uniformly increasing

lung cancer incidence rates among female birth cohorts in

France and Spain, with few signs of recent stabilization,

irrespective of subtype mainly in young adults [23]. In our

geographical area, a rise in incidence and mortality rates is

found in women of all age ranges, highlighting a greater

number of events between the ages of 55–64 years. In most

European countries, lung cancer mortality has been more

favorable in young women over the last calendar years.

The rates have been leveling off in many other countries of

northern Europe since the mid 1990s, but also in western

and southern European countries such as France, Italy and

Spain, where mortality in young women has been

increasing up to the early 2000s [23], while in men [24]

deaths have been declining since the late 1980s in most

European countries,. This shows, unfortunately, that these

measures have not been able to prevent the incidence in

women in Spain—the same holds true for Granada—at-

tributing this remarkable rise to the changes in smoking

habits during the last decades.

Smoking increases the risk of all subtypes of lung can-

cer, with the risk greater for squamous cell and small cell

carcinomas than for adenocarcinoma. Studies in this field

clearly implicate smoking as the major cause of adeno-

carcinoma, as well as of other lung cancers. Adenocarci-

noma has been rising steadily in all countries (with the

exception of the Netherlands), irrespective of the trends of

the other subtypes [25]. Adenocarcinoma rates started to

stabilize during the mid-1980s in North America, Australia

and Iceland, becoming the most common subtype in recent

years in all countries except France, Spain and the

Netherlands. Our study showed that until the mid-1990s,

Granada had an increased tendency for men to develop

squamous cell carcinomas. From this date on, there has

been an increasing trend toward the adenocarcinoma sub-

type, a trend that, as of 2012, has already led to a higher

incidence of adenocarcinoma than squamous cell carcino-

mas. For women, there has been an increasing incidence in

all histological types during the study period, also

highlighting adenocarcinomas over other subtypes. This

shift from squamous cell carcinoma to adenocarcinoma had

already been observed in previously published studies at a

national level (in the USA [26], Japan [15], Lithuanian men

[27]) and at an international level [2, 7, 15]. Women

smokers are more likely than men to develop lung adeno-

carcinoma; women who have never smoked are also more

likely to develop lung cancer than non-smoker men [28].

Furthermore, bronchioloalveolar carcinoma, now consid-

ered an adenocarcinoma subtype, is reported to be two to

four times more common in women, particularly between

non-smokers compared with men. Moreover, the smoke of

modern cigarettes contains higher concentrations of

nitrosamines that primarily predispose to adenocarcinoma

as opposed to other cell types [7].

Although smoking is the major risk factor for lung

cancer, smoking habits are insufficient to explain gender

differences in lung cancer, because about 25 % of lung

cancers occur in never smokers. It is not clear whether this

higher incidence in females is due to inherent susceptibility

to the carcinogenic effects of cigarette smoke or to a

greater contribution of risk factors other than smoking, or

this simply represents the fact that twice as many women as

men are never smokers and this difference increase with

age [29]. Lung cancer appears to be a biologically different

disease in women. This difference in histological distri-

bution, with glandular differentiation being more common

in women, may be explained by differences in genetic,

biologic and hormonal factors. Genetic variation between

men and women is present in some genes that encode

carcinogen metabolizing enzymes, as the increased

expression of the CYP1A1 gene in female smokers results

from the induction by hormones, notably estrogen. Other

studies suggest molecular differences, where women may

be more predisposed than men to molecular aberrations

that result from the carcinogenic effects of tobacco smoke,

such as the mutation in the p53 gene [8]. There are sig-

nificant hormonal differences between sexes. Estrogens are

involved in lung carcinogenesis, either by acting as estro-

gen receptor ligands and activating cellular proliferation

pathways or by metabolic activation to reactive interme-

diates that can produce DNA adducts and cause oxidative

damage. These estrogenic pathways may also act dispro-

portionately in women and could be responsible for sex

differences in lung carcinogenesis [30].

Conclusion

In conclusion, our data obtained from a population-based

cancer registry showed an increasing trend in incidence of

lung cancer among women in Granada, especially in

younger women. Conversely, a reduction of incidence rates
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was observed among men. In both sexes, an increasing

trend toward an adenocarcinoma subtype was observed.

This might be explained by the increased consumption of

cigarettes in women and especially during younger ages,

suggesting the need to implement anti-tobacco campaigns

to promote smoking cessation in middle-aged women and

to prevent smoking initiation in adolescents and young

women. Factors other than smoking such as genetic pre-

disposition, exposure to sex hormones and molecular fea-

tures need be further studied to explain the increase in

women’s susceptibility to lung cancer.
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