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Abstract
Background: No assessment was conducted describing the age and gender speci�c epidemiology of lung
cancer (LC) prior to 2018 in Hungary, thus the objective of this study was to appraise the detailed
epidemiology of lung cancer (ICD-10 C34) in Hungary based on a retrospective analysis of the National
Health Insurance Fund database.

Methods: This longitudinal study included patients aged ≥20 years with LC diagnosis (ICD-10 C34)
between 1th January 2011 and 31th December 2016. Patients with different cancer-related codes 6
months before or 12 months after LC diagnosis or having any anti-cancer treatment different from lung
cancer protocols were excluded.

Results: Lung cancer incidence and mortality increases with age, peaking in the 70–79 age group
(375.0/100,000 person-years) among males, while at 60–69 age group for females (148.1/100,000
person-years). The male-to-female incidence rate ratio reached 2.46 to 3.01 (p<0.0001) among the 70–79
age group. We found 2-11% decrease in male incidence rate at most age groups, while a signi�cant 1-3%
increase was observed in older females (>60) annually during the study period.

Conclusion: This nationwide epidemiology study demonstrated that LC incidence and mortality in
Hungary is decreasing in younger male and female population, however we found signi�cant increase of
incidence in older female population, similar to international trends. Incidence rates peaked in younger
age-groups compared to Western countries, most likely due to higher smoking prevalence in these
cohorts, while lower age LC incidence could be attributed to higher competing cardiovascular risk
resulting in earlier mortality in smoking population. 

Background
Lung cancer was considered globally as a rare disease until the sharp rise starting from the 1930-40’s in
the Western world, that culminated in lung cancer becoming the leading cause of preventable cancer -
related death among men by the mid-century, with a notable increase in incidence in the female
population as well during the past decades (1),, showing a strong positive correlation with its main risk
factor, the increase of smoking prevalence (2). According to Cancer Research UK, a national cancer
information portal, 79% of the incident cases in 2015 could have been preventable with effective health
promotion interventions, thus avoiding signi�cant �nancial and societal burden (3).

Numerous publications have found that lung cancer incidence shows a strong correlation with age, the
highest incidence rates are found in elderly people (4). The UK Cancer Research portal reported that
between 2013 and 2015, more than 40% of incident lung cancer cases were diagnosed in the ≥75 years
age group (5). A recent Canadian study from 2015 by Akhtar-Danesh and colleagues, reported diverse
trends for lung cancer incidence depending on age and sex: an increasing incidence was observed in
elderly female age groups, whereas a decreasing trend in incidence was found among younger women
and in most male age cohorts. Age-speci�c incidence rates started to increase in the age group of 45–49
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years, with the highest rates found in the age group of 85–89 years in men and 80–84 years in women
(6). A study by the American Cancer Society from 2016 found that 53% of cases occur in individuals 55
to 74 years old and 37% occur over 75 years old in the United States. The highest incidence of lung
cancer in men is 585.9 per 100,000 in 85–89 years old, while the highest incidence in women is 365.8 per
100,000 person years (PSYs) in 75–79 years old (7).

Previous publications also found differing trends in lung cancer incidence among male and female
patients. A study from 2015 examining European cancer trends reported a signi�cant, 12% decrease in
the incidence of lung cancer among European men from 2009 to 2015, while an increase of 9% was
found among women in the same time period, concluding that lung cancer incidence rates may exceed
that of breast cancer in some EU countries by late 2010s’ (8). Studies from Europe also concluded that in
Western countries, men reached the peak of incidence and mortality for lung cancer, showing decreasing
trends, with women approaching the plateau. It is mostly established that these trends are in�uenced by
lifestyle, environment and chie�y, smoking habit rather than biological differences associated with gender
(9,10).

Hungary is frequently reported having one of the highest incidence and mortality rates of lung cancer in
Europe, though in a recent publication, these rates were revised, using a novel methodology based on
NHIF database, signi�cantly lower rates were found (11). In recent years, no comprehensive, age and
gender speci�c lung cancer appraisal was conducted in Hungary. Consequently, the primary goal of our
study was to determine the age and gender speci�c incidence and mortality of lung cancer in Hungary
between 2011 and 2016, and to assess the trends in both genders by age cohorts.

Methods

Study design
The National Health Insurance Fund of Hungary (NHIF) provided the input data used for the in-depth
analysis in this retrospective, longitudinal study covering lung cancer patients for the 6-year time period
between 2011 and 2016. The NHIF is the principal public-healthcare �nancing agency in Hungary, with its
database covering all patients and the entire care continuum for oncology treatments, with the exception
of less common private care visits which are outside the scope of this study. The database thus
represents nearly 100% of the Hungarian population (9,957,731 people covered – Hungarian CSO data,
2012), collecting ID and ICD-10 code information from all in- and out-patient visits, as well the entirety of
prescription drugs reimbursed in Hungary. The study license number is I043/88/2019 (at NHIF), and the
study ethical approval number issued by the Central Ethical Committee of Hungary is 10338-5/2019/EKU.

Lung cancer patients (ICD-10 C34) who were diagnosed between 1st of January 2011 and 31th of
December 2016 were included in the study, if they were ≥20 years of age at the time of diagnosis. In
order to diminish the risk of miscoding lung cancer, patients were included with a minimum of two
incidences of the ICD-10 code C34 within more than 30 but less than 365 days. One occurrence of C34
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was also accepted if a patient deceased within 60 days after the �rst C34 code registered. Patients were
excluded if they had different cancer-related ICD-10 codes, or if they received different anticancer therapy
within 6 months before or 12 months after the �rst lung cancer ICD-10 code. A period of 3 years between
2008 and 2010 was considered as a reference period to detect newly diagnosed lung cancer patients in
2011. Each patient was tracked until 31 December 2016 or until the time of death. All data were
anonymized prior to data extraction stage, ensuring that only non-identi�able data were used for further
analyses. The size of relevant Hungarian populations used for incidence and prevalence calculations
were obtained from the publicly available annual reports of the Hungarian CSO (12), while mortality data
for the lung cancer population was obtained from the source NHIF database.

The annual numbers of newly diagnosed lung cancer patients are presented as crude numbers (n) by age
cohorts. Age speci�c incidence and mortality rates are expressed as rates per 100,000 person-years. All-
cause mortality was expressed as crude numbers by age cohorts as well as age-speci�c rates per
100,000 person-years. In order to allow for comparison with earlier publications, the European Standard
Population (ESP) 2013 (13) age groups weights were used for standardization. The sign "<10" was used
for raw numbers below 10, as data protection rules of Hungary forbids their publication. All calculation
was run on the exact numbers. The following age- cohorts were used for analysis: 20–39; 40–49; 50–59;
60–69; 70–79, 80–89 and ≥ 90 (expect expressing detailed age speci�c rates in supplementary tables,
where we used 20–29 and 30–39 cohorts instead of 20–39).

Statistical analysis
Annual trends were estimated with 95% con�dence intervals (95% CI). A block-based bootstrap method,
with a �xed block size of 2 was used for time series, as data were not independent. Size of population at
risk was calculated by subtracting the number of previously diagnosed lung cancer patients on 1st of
January from mid-year population, for each study year. Linear regression was applied to calculate the
annual change of the mean age of patients. The outcome was age in years, the explanatory variable was
the year. The annual odds ratio of the proportion of males among lung cancer patients were calculated by
binomial logistic regression. The outcome was the proportion of males, the explanatory variable was the
year. Poisson regression was used to estimate crude incidence and mortality numbers, age-speci�c
incidence and mortality rates, and incidence and mortality rate ratios. The outcome was the number of
patients, the offset was the log of the number of patients at risk or the mid-year population, the
explanatory variables were the year, age group, gender and their paired interactions. Incidence rate ratios
(IRR) were calculated using contrasts. Independent linear models were created for the subgroups (sex,
age groups) of each line of the Supplementary tables. The only explanatory variable was the year. For all
males, females and the whole patient population, the outcomes were the rates for 100,000 person-years
standardized for the ESP 2013. All calculations were performed with R software, version 3.5.2 (2018-12-
20) with package boot version 1.3–20.

Results
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Crude numbers
In 2011, 4,522 new male lung cancer cases were registered in the NHIF database, while we found 4,176
incident patients in 2016. The number of female patients increased from 2,636 to 2,828 during the same
period (Table 1). Proportion of male patients decreased from 63.17% to 56.69% by the end of the study
period. The mean age at diagnosis was 64.51 years for men (SD±9.85) and 64.93 years for women
(SD±11.19) in 2011, increasing steadily to 65.80 years (SD±9.41) and 65.99 years (SD±10.45),
respectively.

Annual number of lung cancer related deaths were between 3,964 (2011) and 4,088 (2016) for males, and
2,099 to 2,377 for females. The mean age at the time of death also increased from 66.09 (SD±9.83) to
67.55 years (SD±9.37) at males between 2011 and 2016 and from 67.16 (SD±11.22) to 68.64 years
(SD±10.14) among females during the whole study period.

Age speci�c incidence rates
Age-speci�c incidence rates were higher in men than in women in most age cohorts (Figure 1). Incidence
rates for men peaked at 375.0/100,000 PSYs, in the age group of 70–79 years in 2011, declining to 326.7
by 2016, corresponding to a mean annual change of -2.00% (95% CI: 0.16%–2.14%; p=0.0639). Although
the crude number of newly diagnosed lung cancer patients was highest in the 60–69 age group in men
(1,627 in 2011 and 1,786 in 2016), the highest age-speci�c incidence rates were observed in the age
group 70-79 years (Table S1).

Both incidence rates and crude numbers plateaued for women in the age group of 60–69 years (137.7 in
2011 and 148.1 in 2016), without any signi�cant change (p=0.1718) during the 6-year study period. Male-
to-female rate ratios were higher among elderly patient: the highest statistically signi�cant male-to-
female rate ratio reached 3.01 (95% CI: 2.82–3.15; p<0.0001) in the age group of 70–79 years in 2011,
while the lowest was found to be 1.38 (95% CI:1.31-1.43; p<0.0001) in the 40-49 age group in 2011. In the
youngest age group (20–39 years) in 2016 the male to female ratio was 0.94, thus we found more
incident female patients than male, but the rate ratio was not statistically signi�cant.

Signi�cant differences were found in the incidence rates during 6-year study period among male patients
in the age groups of 40–49 and 50–59 years with a 11% (p=0.0101) and 4% (p<0.001) decrease,
respectively (Figure 2A). We did not �nd any signi�cant changes in incidence rates of lung cancer in 2016
versus 2011 in other age groups in men. In women a signi�cant increase in incidence rates was observed
in the age groups of 60–69 years (RR: 1.03; 95% CI: 1.00–1.06; p=0.0470) and 50–59 years (RR: 1.02;
95% CI: 1.01–1.05; p=0.0277), while a 7% decrease was detected in the age group of 40–49 years (RR:
0.93; 95% CI: 0.88–0.97; p=0.0192).

Age speci�c mortality rates
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The rates of lung cancer mortality were also found to be higher among men, showing a sharp surge from
the 50–59 age group and plateauing in the 70–79 years age-group with 368.9 and 385.0/100,000 PSYs
in 2011 and 2016, respectively. (Figures 3A and 3C and Table S2). However, the crude number of patients
died peaked in 60-69 age group (1,411 and 636 in 2011 increased to 1,653 and 901 in 2016 at males and
females, respectively). Male-to-female rate ratios were found to be highest with 3.38 in 2011 (95% CI:
3.18–3.67; p<0.0001) declining to 2.82 (2.66–2.95; p<0.0001) in 2016, respectively (Figures 3B and 3D).

A few statistically signi�cant differences were found in the rates of mortality during the 6 year study
period, showing varying trends by gender: we found a decrease among male patients in the age groups of
40–49 and 50–59 years in 2011 (RR: 0.89; 95% CI: 0.81–0.94, p<0.0001 versus 2016 (RR: 0.96;95% CI:
0.94-0.97, p<0.0001) respectively. (Figure 4). Inversely increase in mortality rates were found in the female
age groups of 60–69, 70–79 and 80–89 years by 4% (95% CI: 1.02–1.06; p=0.0189), 4% (95% CI: 1.02–
1.08; p=0.0101), and 3% (95% CI: 1.00–1.04; p=0.0084), respectively. In contrast, a decrease of 8% was
found in female mortality rates in the age group of 40–49 years during the 6-year study period.

Discussion
This nationwide, retrospective, longitudinal study aimed to provide a comprehensive review of the age
and gender speci�c incidence and mortality of lung cancer in Hungary, using a novel approach in data
collection and study design based on the database of the National Health Insurance Fund of Hungary.

The key �ndings of this database research covering 6 years can be summarised as follows:

1. Age-speci�c incidence rates of lung cancer were highest in the 70-79 age cohort for men, while it
peaked in the 60-69 age group for women.

2. While lung cancer incidence rates showed decreasing trends in most age cohorts for men, for
females we found an increase in older age groups.

Differences in lung cancer epidemiology based on gender is a quite thoroughly researched topic, showing
similar trends across the developed world, with incidence primarily in�uenced by prevalence of smoking
(14,15). Numerous developed countries have reached the peak of their respective tobacco-related lung
cancer disease burden, thus incidence and mortality rates started to decline, exhibiting major differences
by gender. Historically smoking was always more prevalent among men, leading to higher rates of lung
cancer incidence and mortality worldwide (16,17). Women took up smoking at a later period, mostly after
the Second World War, and their rates of cessation have lagged behind those of men, leading to a much
later peak in lung cancer incidence (18). In the United States age-standardized incidence rates for males
have declined from a peak of 102 in 1984 to 69/100,000 PSYs by 2009, displaying a strong correlation
with the decline in smoking prevalence since the 1980’s (18,19). However the trend is showing an
opposite curve for females, with age-standardized rates reaching 51/100,000 PSYs, a major increase
since 1984, from 39/100,000 PSYs (20).
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Similar trends were found in our recently published nationwide NHIF database study where incidence
rates among men declined signi�cantly from 115.7 to 101.6 per 100,000 PSYs during the 6 year study
period, equivalent to a decrease of 2.35 percent (12). This trend mirrors the decreasing smoking
prevalence rates among Hungarian men, declining from 44% in 1994 to 31% in 2014 (21). In the current
analysis, the highest, 11% reduction of male lung cancer incidence was found in the age group of 40–49
years, although a less pronounced but still signi�cant 4% change was detected in the age group of 50–59
years. In our study, the decrease in the incidence of lung cancer was not signi�cant in older male cohorts
(above 60 years), which can probably be attributed to the shorter observation period and relatively low
patient numbers. Nevertheless, the signi�cant decrease in middle-aged male population may re�ect the
e�cacy of antismoking initiatives in Hungary in the last decades (22). On the other hand, we found
increasing rates of lung cancer incidence in the whole female study population, with an annual increase
of 2.37%. However, detailed age dependent analysis shows mixed results, the increase was signi�cant in
older age groups, while a decrease was detected in the age group of 40–49 years. These �ndings
correspond to a study by Thomas et al. that compared the incidence of non-small cell lung cancer
(NSCLC) in lung cancer patients younger and older than 40 years and found decreasing trends between
1975 and 2010 in both cohorts of males, however opposite trends in females lung cancer population,
where younger patients had already decreasing trend on incidence, while older(40<) had still increase in
incidence rate (23). Akhtar-Danesh et al. also reported a decrease in the incidence of lung cancer among
women in the age group of 50–59 years, and an increase over the age of 60 (24).

Differences in incidence of lung cancer among the genders could be explained by several factors (26),
however, it can be concluded that the most important risk factor for the development of lung cancer is
smoking in both genders (26). Smoking among women has signi�cantly increased since the 1960s,
resulting in a consequent increase in the risk of death in the female population(27). The window of our
study most probably covers a period, when we could capture the impact of changing smoking habits due
to impact of anti-smoking campaign and initiatives (22). The European Health Interview Surveys reported
smoking prevalence data from Hungary. In 2000, the smoking prevalens of males 18–34, 35–64, 65≤
age cohorts were 44.4%, 41.1% and 13.7% respectively, while similar rates in 2009 was 36.3% and 36.4%
in 18–34 and 35–64 age groups, and 14.1% in the oldest one, showing a 18.2 and 11.2% decrease for the
two younger cohorts. On the other hand, we could �nd a 11.7% decrease at females only in the 18-34 age
group (29.0% onto 25.6% during 2000-2009 period), but plateauing trend was seen in the older female
population (28.2% to 28.8% and 3.4 to 7.0%) (28). In their latest report describing smoking habits in
Hungary they reported that smoking prevalence have almost equalized among the genders: the
proportion of male smokers showing a steady reduction (32–34%), with the prevalence of smoking
stabilizing at 24–25% of the population (29). This shifting prevalence of smoking is also in line with our
�ndings showing a diminishing difference in the risk of lung cancer incidence and mortality between the
genders in all age cohorts. The decreasing smoking prevalence at all male age cohort in the 2000s years
could be re�ected in the decrease of lung cancer incidence in the 2010s, while the peaking smoking
prevalence at females are re�ected in the increasing lung cancer incidence at most age groups of our
study population. The increasing incidence of adenocarcinoma among non-smoking women may also
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play a role in the narrowing gap between males and females (30). Introduction of a comprehensive and
rigorously enforced anti-smoking laws of 2011 and 2013, the reduction in retail tobacco selling points, the
new multi-media awareness campaign focusing on young generations and the foundation of a
Methodological Support Centre for Smoking Cessation at the National Korányi Institute of Pulmonology
may have further positive effects in the future by improving lung cancer trends in upcoming decades, in
both sexes.

It is observed that the incidence of lung cancer shows strong correlation with age: rates usually start to
increase from the age group of 45–49 years, with the highest rates observed in the 85–89 age group
among men and in the 80–84 age group among women (31,32). In the UK Cancer Research database, we
found similar result: male incidence peaked in 80 or above age cohort close to 600 per 100,000 PSYs,
while the rate did not exceed the 100 per 100,000 PSYs till the age of 50 (33). The peak of incidence was
also found in the age group of 80–85 years in the United States as reported by Lung Cancer Statistics,
while the highest rate among women was found in the 75–80 age group (34). The Hungarian male age
speci�c lung cancer incidence rate sharply increases from 40 to 49, exceeding 100 per 100.000 PSYs
already by the 50 to 59 age cohorts, peaking in the 60 to 79 age groups, then sharply decreases at 80≤
age groups in both genders. This result is partly different from UK and US trends where the peak of
incidence was found in older age groups. The UK Cancer Research database(4) gives detailed tobacco
smoking prevalence information, indicating lower smoking prevalence in the younger male and female
age groups compared to Hungary but no relevant differences could be found in the older age groups. We
could �nd similar differences in the age speci�c mortality rates. The earlier peak in the Hungarian lung
cancer incidence could be explained by the higher smoking rates, however the lower incidence and
mortality rates above the 80 age cohort could be explained by the higher cardiovascular risk of Hungarian
population, (35) acting as a competing morbidity, resulting in earlier mortality especially among regular
heavy smokers (36).

There are certain strengths and limitations of our study. The coverage of the whole population in the NHIF
database to identify lung cancer patients, the carefully cleaned data, the 6-year-long follow-up period, all
provide a solid foundation for drawing conclusions from our analysis. Nevertheless, NHIF database does
not contain any data on the staging or the Eastern Cooperative Oncology Group (ECOG) Scale of
Performance Status of patients, and no laboratory test results were available. Besides, we were not able
to examine the competing cause of death in the lung cancer population.

Conclusion
To conclude, our study is the �rst nationwide investigation describing the age and sex speci�c incidence
and mortality rates of lung cancer in Hungary, showing declining trends in most age groups of males, and
an increasing incidence in the older female population in parallel with international trends. The highest
incidence rates were found at 70-79 age cohort in males and at 60-69 age cohorts in females, earlier
compared to western countries, probably due to the higher competing risk of cardiovascular diseases in
elderly people.
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Our study emphasizes the needs of putting more focus on the increasing female lung cancer incidence
and reinforces the need of more detailed researches to understand more the underlying causes of these
negative trends as well as to put more effort on the screening of younger smoker population.
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Table 1 Crude incidence and mortality of lung cancer by sex and age between 2011 and 2016. SD: standard deviation.
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Figures

Figure 1

(A) Age-speci�c incidence rates and number of incident lung cancer cases by sex in 2011 (B) Male-to-
female incidence ratios by age cohorts in 2011 (C) Age-speci�c incidence rates and number of incident
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lung cancer by sex in 2016 (D) Male-to-female incidence ratios by age cohorts in 2016. CI: con�dence
interval; LC: lung cancer

Figure 2

(A) Incidence rate ratios by age groups in men in 2016 vs. 2011. (B) Incidence rate ratios by age groups in
women in 2016 vs. 2011. CI: con�dence interval; LC: lung cancer.
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Figure 3

(A) Age-speci�c mortality rates and number of lung cancer death by sex in 2011 (B) Male-to-female
mortality rate ratios by age cohorts in 2011 (C) Age-speci�c mortality rates and number of lung cancer
death by sex in 2016 (D) Male-to-female mortality rate ratios by age cohorts in 2016. CI: con�dence
interval; LC: lung cancer
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Figure 4

Mortality rate ratios by age groups in 2016 vs. 2011 in (A) men and (B) women. CI: con�dence interval;
LC: lung cancer.
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