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Objective: Lung cancer is one of the most common cancers worldwide and its survival is still poor. The objective of our study was to estimate long-term survival of Hungarian lung cancer patients at first time based on a nationwide review of the National Health Insurance Fund database.
Methods: Our retrospective, longitudinal study included patients aged ≥20 years who were diagnosed with lung cancer (ICD-10 C34) between January 1, 2011 and December 31, 2016. Survival rates were evaluated by year of diagnosis, patient gender and age, and morphology of lung cancer.
Results: 41,854 newly diagnosed lung cancer patients were recorded. Mean age at diagnosis varied between 64.7 and 65.9 years during study period. One- and 5-year overall survival rates for the total population were 42.2 and 17.9%, respectively. Survival was statistically associated with gender, age and type of lung cancer. Female patients (n = 16,362) had 23% better survival (HR: 0.77, 95% confidence interval (CI): 0.75–0.79; p < 0.001) than males (n = 25,492). The highest survival rates were found in the 20–49 age cohort (5Y = 31.3%) and if the cancer type was adenocarcinoma (5Y = 20.5%). We measured 5.3% improvement (9.2% adjusted) in lung cancer survival comparing the period 2015–2016 to 2011–2012 (HR: 0.95 95% CI: 0.92–0.97; p = 0.003), the highest at females <60 year (0.86 (adjusted HR was 0.79), interaction analysis was significant for age and histology types.
Conclusion: Our study provided long-term Lung cancer survival data in Hungary for the first time. We found a 5.3% improvement in 5-year survival in 4 years. Women and young patients had better survival. Survival rates were comparable to–and at the higher end of–rates registered in other East-Central European countries (7.7%–15.7%).
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INTRODUCTION
Lung cancer (LC) is a rapidly progressing, life-threatening disease [1], which constitutes a major disease burden [2, 3]. Despite continuous advances in surgical, radio- and systemic treatment procedures (like targeted and immunotherapy) over the past years, lung cancer still has one of the lowest survival rates among carcinomas, making it one of the most important health problems of the 21st century [4, 5].
Variations in cancer survival between countries of comparable affluence and health systems have prompted international efforts to better understand the root of these differences. One–if not the main–reason for poor lung cancer survival may be late diagnosis [6]. Overall, the 5-year lung cancer survival rate is one of the poorest among cancers. The 5-year survival of LC, at all stages combined, varied between 10 and 20% in Europe in 2010–2014 prior to the modern immune-oncology era [7]. According to the 2019 Fact & Figures publication of the American Cancer Society, the 5-year survival rate for non-small cell lung cancer (NSCLC) was 23%, compared to 6% for small-cell lung cancer [8]. Lung cancer survival varies greatly depending on the stage of the disease and the time of diagnosis. According to the seventh edition of the non-small cell lung cancer (NSCLC) TNM groupings, 5-year survival estimates in NSLCC ranged from 73% in stage IA disease to 13% in stage IV disease [9]. A recently published comprehensive literature review investigating changes in lung cancer survival over a four decade-long period confirmed that female patients had a better long-term (5-year) survival rate (17.7%) than male patients (13.0%) [10]. In general, elderly lung cancer patients had poorer survival rates than younger patients. Notably, all age groups have shown a marked increase in survival rates over the decades since the 1970s, particularly in the 15–44 age-group, where 5-year survival exceeded 30% by 2010 [10].
According to the CONCORD-3 study, LC 5-year survival rates fluctuated between 7.7 and 15.7% in East-Central Europe within the 2010–2014 period [7]. Though Hungarian lung cancer incidence is among the highest in Europe [11], to date, there is no data regarding the long-term survival of Hungarian lung cancer patients. Therefore, the objective of our nationwide study was to investigate the 5-year survival rates of patients who were newly diagnosed with LC between 2011 and 2016. Our analysis also aimed to examine the effects of age, gender and the tumors’ histological characteristics on survival as well as to assess the changes in survival rates during the study period.
MATERIALS AND METHODS
Study Design
This nationwide, retrospective study used the claim database of the National Health Insurance Fund of Hungary (NHIF), which is a nationwide insurance system (covering almost 100% of the Hungarian population), as data source. The NHIF database contains medical information regarding ID and ICD-10 codes of the in- and out-patient visits and procedures involved in medical care, containing 100% of lung cancer related intervention as there is no other insurance system for Hungarian citizens for lung cancer treatment. The study was approved by the National Ethical Committee, with the 10338-5/2019/EKU ethical approval number and the I043/88/2019 study license number.
Lung cancer (ICD-10 C34) patients newly diagnosed between January 1, 2011 and December 31, 2016 and ≥20 years or older at the time of diagnosis were included in our study. In order to identify newly diagnosed LC patients from 2011, we set a reference screening period for 2009–2010. Potential miscoding of lung cancer was prevented by only including patients with a minimum of two records of the C34 ICD-10 code within an interval of over 30 but less than 365 days following the first coding. Patients with only one recorded C34 code who died within 60 days after coding, were also included. If patients had ICD-10 codes related to other cancers or if they were administered oncological treatment other than the lung cancer-specific treatment protocol 6 months prior to or 12 months following the first recorded lung cancer code, then these patients were excluded.
Newly diagnosed LC patients were followed up until December 31, 2016 or alternatively until their dates of death, which were also obtained from the NHIF database. Since the immediate cause of death was not available from this data source, all-cause mortality data were accessed. During data collection, data were anonymized and only non-identifiable data were used in the investigation. The total number of newly diagnosed lung cancer patients per year is shown as crude numbers (n). For the total number of patients and for both genders separately, the mean ages at diagnosis were determined for the 2011–2012, 2013–2014 and for 2015–2016 diagnostic time intervals. As NHIF database could not provide data on cause specific mortality, therefore we calculated and report overall survival of the Hungarian lung cancer patients as defined by Tan et al. [12]. We investigated survival rates in relation to the pathomorphological types of lung cancer in the patient population, where data were available. Stage of disease was not recorded in the NHIF database. We drew Kaplan-Meier curves to show overall survival. Cox regression model was used estimate the association between gender, age and survival. Interaction between age and gender was also studied. Cox regression was also used to calculate the hazard ratio of death of patients diagnosed between 2015 and 2016 vs. between 2011 and 2012 with adjustment for age. Sex, histology type of lung cancer and main first line treatment type. Interaction between age and period of diagnosis was also studied. All calculations were performed with R version 3.5.2 (December 20, 2018) with package boot version 1.3–20.
RESULTS
Study Population
As shown in Table 1, 41,860 newly diagnosed lung cancer cases were recorded in the Hungarian NHIF database between 2011 and 2016: 14,080 in 2011–2012, 13,803 in 2013–2014, and 13,977 in 2015–2016. 59.5–62.7% of patients were male, the mean ages of the patients varied between 64.7 and 65.6 years during the study period. The difference between the mean age of male and female LC patients at diagnosis was not clinically relevant.
TABLE 1 | Patient characteristics.
[image: Table 1]The highest numbers of patients were recorded in the 60–69 age group (n = 15,568; 37.2% of total), peaking at 40.2% by the end of the study period. Patients diagnosed in the 20–49 age group represented 6.1% of the total LC population. The histological type of the tumor was recorded in more than 50% (56.3%) of the cases. The majority of lung cancers was non-squamous cell carcinoma (adenocarcinoma, 29.5%). 7.9% of the total lung cancer population had small-cell carcinoma.
Long-Term Survival Short and Long-Term Survival
42.2% of the total lung cancer population (n = 41,860) survived the first year. The overall survival rate by the end of the second year the survival rate was 29.3%, and the 5-year survival rate was 17.9% (Figure 1). Female lung cancer patients had better survival throughout the study period. Female patients had a 47.6% one-year survival rate vs. 38.8% for males. 5-year survival rates for females and males were 22.8 and 14.8%, respectively (Figure 1).
[image: Figure 1]FIGURE 1 | Estimated overall survival of Hungarian lung cancer patients diagnosed between 2011 and 2016.
Females had 22.88% better lung cancer survival compare to males (HR: 0.77; 95% CI: 0.75–0.79, p < 0.001) (Figure 2). The difference in survival between females and males increased in the younger age groups reaching 37.16% in the youngest cohort. While these differences decreased to 21% and 17% in the 60–69 and 70–79 age groups. The survival differences between the genders were found to be non-significant above the age of 80 (Figure 2).
[image: Figure 2]FIGURE 2 | Difference of estimated overall lung cancer survival between female and male in different age groups.
One-year survival rates were highest in the 20–49 age group, reaching 55.1%, while the largest 50–59 and 60–69 age cohorts had 48.3 and 44.1% survival rates by the end of the first follow-up year. The long-term survival rates decreased to 31.3, 22.5, 17.7, 10.2% in the 20–49, 50–59, 60–69 and 70–79 age cohorts, respectively (Supplementary Figure S1).
Lung cancer patients diagnosed between 2015 and 2016 had a 5.3% lower risk of mortality compared to patients in the 2011–2012 study period (HR 0.95 95% CI 0.92–0.97; p = 0.001) adjusted only for age (Figure 3). When we adjusted the change of survivals by age, sex, histology type of lung cancer and main treatment type, we got 9.2% improvement (HR = 0.91; 95%CI: 0.88–0.93; p < 0.001).
[image: Figure 3]FIGURE 3 | Age, sex, histology type and treatment dependent difference in estimated overall lung cancer survival between patients diagnosed in 2015–2016 and in 2011–2012.
The improvement of survival was higher by younger age, where p for trend analysis was significant, interaction p = 0.014. We also calculated this interaction between age above or below 60 years: interaction: p = 0.024 interaction (period and type): p = 0.003 (These results were adjusted for sex, histology type of lung cancer and treatment types).
Improvement of survival was found to be higher at females (HR:0.89; 95%CI:0.85–0.93; p < 0.001) than males (HR: 0.93; 95%CI:0.90–0.96; p < 0.001), especially at younger age, thought the interaction analysis for sex was not significant (p = 0.1024) (These results were adjusted for age (expect detailed age perspective) histology type of lung cancer and treatment types).
When we compared the 2015–16 and 2011–2012 period by histology type of lung cancer, we found the highest improvement at adenocarcinoma, where hazard ratio was 0.89 (95%CI: 0.85–0.93; p < 0.001), especially under age of 60 years, where HR was 0.86 (95%CI:0.79–0.93; p < 0.001). On the other hand, we recorded 5%, but not significant improvement at patients having squamous cell carcinoma (HR:0.95; 95%CI:0.89–1.00; p = 0.065), while there were no change found at small-cell carcinoma (HR: 1.02; 95%CI: 0.94–1.12; p = 0.594). Interaction analysis showed significant relation for type of histology (p = 0.003) (These results were adjusted for sex, age (expect age related parts) of lung cancer patients and treatment types).
We also analyzed those lung cancer patients having systemic treatment in late stage or surgery in early stage. At those, whom had surgery in first line treatment, improvement were not detected (HR:1.00; 95%CI: 0.91–1.11; p = 0.976), while we recorded relevant increase in survival at patients received systemic therapy (HR:0.89; 95%CI:0.85–0.93; p < 0.001), especially those, were age below 60 years (HR:0.85; 95%CI:0.78–0.92); p < 0.001).
Based on the morphological report of the NHIF, the histological type of lung cancer was recorded in 56.3% of all LC patients. Adenocarcinoma was more common in females, with 33.4% vs. 27.0% in male patients, while squamous-cell carcinoma was more frequently found in the male patient population, 22.7% in males vs. 12.9% in females (Supplementary Table S1). The best crude survival rates among LC patients could be found in patients with adenocarcinoma (n = 12,353), where the 1- and 5-year survival rates were 53.7 and 20.5%, respectively (Figure 4). The poorest survival rates were recorded in the small-cell lung carcinoma group (n = 3,312) where the 5-year survival proved to be only 5.6%.
[image: Figure 4]FIGURE 4 | Estimated survival of Hungarian lung cancer patients depending on histological characteristics.
We could record the 1st line treatment as systemic therapy at 28.14% of all patients (including chemo and targeted therapy), and surgery (including those having adjuvant treatment) at 14.15%. The share of systemic therapy increased from 26.68 onto 29.08%, while share of those having surgery in early stage, decreased from 17.60 onto 11.32%.
DISCUSSION
Our retrospective, longitudinal analysis provides long-term LC overall survival data from Hungary based on a comprehensive, nationwide data source. This study is also the first to report an improvement in LC survival during the 2011–2016 period in Hungary. The main findings of this large-scale evaluation can be summarized as follows:
1. Hungarian LC patients had a 5-year overall survival rate of 17.9% between 2011 and 2016, with a 5.3% improvement in survival during the 6 year-study period.
2. The survival of LC depends on age and sex, as well as on cancer type. Females had a 23% lower mortality risk than male LC patients, and the highest crude survival rates were found in patients with adenocarcinoma.
Short-Term Survival of Lung Cancer
Despite several recently published analyses on lung cancer in Europe [10–13], neither short-term (1-year) nor long-term (5Y) data have been available regarding survival in Hungarian patients. When we compared our short-term survival results with findings from the Danish Lung Cancer Group study [14], one-year survival rates were comparable (42.37% vs. 43% for the Hungarian 2011–2012 and Danish 2010–2012 interval, respectively), although the Danish study used a different diagnostic period. Additionally, the drop of the survival curve of Hungarian LC patients was more rapid and occurred earlier. The distribution of male and female 1-year survival rates was also similar, 39.2% vs. 39% in Hungarian and Danish males, and 47.66% vs. 47% in Hungarian and Danish females, respectively. The short-term survival rates in our study were unequivocally higher than the EUROCARE-5 study reported in Eastern European countries (32.4%) [15]. They corresponded with the Central European country results (42.3%), although this study analyzed patients diagnosed between 2000 and 2007 [15]. The Cancer Research United Kingdom database provided short-term LC survival data for both genders in the 2010–2011 diagnostic period [16], where net survival rates were 30.4% in males and 35.1% in females, nevertheless, LC survival rates in the United Kingdom tended to be at the lower end of rates collected in Western European countries [7–15].
Long-Term Survival of Lung Cancer
Studies involving patients diagnosed with lung cancer before 2014 were the only data source which could provide 5-year survival data in 2019. Hence, a number of international publications and data sources were of limited comparability with regard to our study encompassing the 6 year period of 2010–2016. In the CONCORD-3 study, the age-standardized 5-year survival rates varied between 7.7 and 15.7% for East-Central Europe in the 2010–2014 diagnostic period [7]. In our study, we observed a 17.9% 5-year survival rate in the 2010–2011 diagnostic period. Since our defined age cohorts were slightly different than what the CONCORD-3 study used for standardization, we were not able to directly compare our national results with other East-Central European countries. Nevertheless, with a similar age distribution in our study population as well as in neighboring countries, Hungarian survival rates could be considered comparable with the survival rates of countries in the region and in most Western European countries. These similar numbers could be due to the same, limited LC treatment options of the early 2010s as well as the advanced stage of LC at diagnosis. Gender-specific survival data for comparison were only available from the Cancer Research United Kingdom database [16] where the 5-year net survival rates were 8.4 and 11.6% in males and females, respectively. These results were lower compared to our findings (14.75 and 22.84% in males and in females), although the gender differences tended to be similar between the two analyses.
Trends in Long Term Survival
We demonstrated a 5.3% improvement in survival (9.0% adjusted) between 2015–2016 and 2010–2011 periods, which was an increase expressed by hazard ratio, hence not the change of the fifth year survival rates as 2015–2016 period did not have such a long follow-up period. Nevertheless, the change is close to a yearly 1% improvement. If we compare the trends of lung cancer survival in other study, we can find a 18.9% vs 12.4% in Denmark, 14.7% vs 10.0% in United Kingdom, 20.4% vs 15.4% in Norway and 21.7% vs 18.5% in Canada by comparing the 2010–2014 and 2005–2009 periods based on the ICBP SURVMARK-2 study [17]. In this aspect, this is a 3–6% absolute change of fifth year net survival within a 10-year period, which is hardly comparable with the trend of our survival improvement in a 6-year period, though these changes are in the same range. The US SEER database presented the fifth year survival change from 18.42 onto 21.41% from 2007 to 2012, in a same, 6-year period, which is an average 2.1% yearly improvement [18]. If we investigate the trends of fifth year lung cancer survival in the CONCORD-3 study, we can see a 0.8% absolute change in Czech, 0.7% in Slovakia and 0.3% in Poland between 2010–2014 and 2005–2009 period, which is a 8.16, 6.67, and 2.13% relative change consequently where the Slovak and Czech results are comparable with our improvement [7]. Nevertheless, in the Western EU countries (like Denmark, Norway, United Kingdom, Ireland), CONCORD-3 study presented even a 25–35% relative improvement in the relative change of 5th year survival during this period. All in all, we can conclude that the size of lung cancer survival improvement is within the range of previously presented study results, even if the data are hardly comparable. Besides, if we expect the at least the same improvement rate of the Hungarian lung cancer survival in last years, the 5th year survival may exceed the 20% by the end of this decade, especially due to the impact of newly approved immunotherapies.
Gender Differences in Lung Cancer Survival
We found 23% better survival rates for female LC patients than for males, and survival differences tended to be larger (up to 37%) in the younger age groups. Gender differences have been investigated in several studies during the past decades, like in the analysis from the US lung cancer database [8]. Average survival rates were 13.0% in males and 17.7% in females. The ECOG 1594 trial involving 1,157 patients found a statistically significant, 1.9-month improvement in median survival among women compared to men, despite similar response rates and greater toxicity from treatment and no differences regarding other known prognostic factors [19]. Population-based studies have supported this finding, including a multivariate analysis of more than 20,000 lung cancer cases from Poland that found a 1.15 relative risk (RR) of death in men [20]. An evaluation of 4,618 NSCLC patients who were prospectively enrolled and followed from 1997 to 2002 at the Mayo Clinic in Rochester, Minnesota found a 1.20 relative risk of mortality in men after adjusting for age, histology, cancer stage, smoking history, and treatment [21]. These differences in survival between genders may be multifactorial [22]. Due to gender differences in smoking habits, females were prone to develop adenocarcinoma more frequently [ [23–25]] which LC lung type results in better survival rates than other histological types of LC [ [26, 27]]. Our analysis confirmed that adenocarcinoma was more frequently diagnosed in females than in men. Additionally, females tended to have higher rates of surgical treatment in the early stages of lung cancer [28], which resulted in improved survival outcomes in these stages compared to other modalities of treatment [29].
On the other hand, though the improvement in survival was higher at females, especially at younger age, the interaction analysis was not significant for sex, therefore we could conclude that sex did not play role in the time dependent improvement of lung cancer.
Age-Dependent Survival of Lung Cancer
Older lung cancer patients had poorer survival than younger patients [8]. All age groups have shown significant improvements in survival rates since the 1970s, and the greatest improvements were recorded in the youngest age groups (15–44 years), as reported by Lu et al. [10]. Our findings have confirmed these trends, since the youngest lung cancer patients had 31.3% crude 5-years survival rate, compared to 10.2% in the age group of 70–79 years. We found more pronounced improvements in age-dependent survival rates at younger cohorts during the 2015–2016 interval than in the 2011–2012 diagnostic period. Though we could not identify the prevalence of typical carcinoids at young cohort, it may also play role in better survival results of this cohort due to its good prognosis and curability [30].
Long-Term Survival of Lung Cancer by Cancer Type
Lung cancer survival is known to vary depending on the histological type of the cancer. Patients with adenocarcinoma have been shown to have higher survival rates compared to those with squamous cell carcinoma, while patients with small-cell carcinoma have been found to have the lowest 5-year survival rates compared to the previous two LC subtypes [10, 31]. In our study, the histological types of lung cancer could be identified in 56.3% of the cases. 5-year survival rates among patients with adenocarcinoma and those with squamous cell carcinoma were 20.5 and 15.7%, respectively, and were comparable with international findings [10]. In line with previous observations, adenocarcinoma occurred more frequently while squamous cell carcinoma less frequently in females.
We found the highest improvement of survival in case of adenocarcinoma (11%), especially those, having age below 60 years at time of diagnosis. On the other hand, we did not find any change in case of small cell carcinoma, while relevant, 5%, but not significant at squamous cell carcinoma. This result is parallel with the historic changes in the treatment of different types of lung cancer. The aera of personalized treatment, the introduction of targeted therapy was most frequent at adenocarcinoma, especially at young patients (ALK inhibitors), while in older women, the possibility of EGFR inhibition resulted in visible improvement [32]. On the other hand, we did not have any significant change in treatment options patients with small cell carcinoma between 2011 and 2016. Nevertheless, these types of changes reflected in a 11% overall change in survival of patient population received systemic therapy, while we could not find relevant improvement at those, having surgery in first line treatment.
Strength of our study is the large number of diagnosed lung cancer patients, the carefully cleaned data, the 6-year-long follow-up period and the nationwide nature of the NHIF database, which all provide a solid foundation for drawing conclusions from our analysis. However, our study is not free from limitations. The applied exclusion criteria may have led to the exclusion of patients who had other cancer types besides lung cancer. According to our estimations however, this patient population is negligible. Moreover, the NHIF database contained data on the pathomorphology of lung cancer in only 52% of the cases. Staging, ECOG status and laboratory tests of patients were not recorded in the NHIF database. Consequently, we were not able to provide specific survival data based on these characteristics. Other limitation of our study is that we were able to provide only overall survival of lung cancer patients, and we did not estimate net survival, hence, we could not adjust the age related survival analysis to the natural survival rates of the general population. Nevertheless, as lung cancer patients have much higher mortality than the reference general population, and the vast majority of their mortality is caused by the cancer itself, this does not have a severe effect on the results and interpretation. Beside, we were able to detect the type of first treatment only certain part of lung cancer population. Those, having first line treatment as part of a study or received radiotherapy or palliative care, were not recorded in the NHIF database, hence we evaluated those, whom 1st line treatment was unambiguous, like systemic therapy or surgery and only from the perspective of survival improvement analysis.
CONCLUSION
To summarize, our study is the first to provide long-term survival data on Hungarian lung cancer patients and to report a 9.2% adjusted improvement in survival during the 6-year study period. The 5-year crude survival rate of 17.8% is comparable with neighboring countries’ data from the same period. Female lung cancer patients had a 23% better survival rate than males, which could be attributed to a higher incidence rate of adenocarcinoma in women. Survival rates were comparable to–and at the higher end of–rates registered in other East-Central European countries.
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