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Background

The nationwide HUN-CANCER EPI study examined cancer incidence and mortality rates in Hungary from 2011 to 2019.





Methods

Using data from the National Health Insurance Fund (NHIF) and Hungarian Central Statistical Office (HCSO), our retrospective study analyzed newly diagnosed malignancies between Jan 1, 2011, and Dec 31, 2019. Age-standardized incidence and mortality rates were calculated for all and for different tumor types using both the 1976 and 2013 European Standard Populations (ESP).





Findings

The number of newly diagnosed cancer cases decreased from 60,554 to 56,675 between 2011–2019. Age-standardized incidence rates were much lower in 2018, than previously estimated (475.5 vs. 580.5/100,000 person-years [PYs] in males and 383.6 vs. 438.5/100,000 PYs in females; ESP 1976). All-site cancer incidence showed a mean annual decrease of 1.9% (95% CI: 2.4%-1.4%) in men and 1.0% (95% CI:1.42%-0.66%) in women, parallel to mortality trends (-1.6% in males and -0.6% in females; ESP 2013). In 2018, the highest age-standardized incidence rates were found for lung (88.3), colorectal (82.2), and prostate cancer (62.3) in men, and breast (104.6), lung (47.7), and colorectal cancer (45.8) in women. The most significant decreases in incidence rates were observed for stomach (4.7%), laryngeal (4.4%), and gallbladder cancers (3.5%), with parallel decreases in mortality rates (3.9%, 2.7% and 3.2%, respectively).





Interpretation

We found a lower incidence of newly diagnosed cancer cases for Hungary compared to previous estimates, and decreasing trends in cancer incidence and mortality, in line with global findings and the declining prevalence of smoking.
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Introduction

Cancer is the second leading cause of mortality after cardiovascular disease in developed countries (1). Monitoring cancer incidence and mortality is of paramount importance for estimating the burden of the disease as well as for planning and evaluating public health programs and healthcare services (2–4). Although, most of the cancer registries are following the ENCR and IACR rules and work hard to produce incidence figures that are comparable between countries, minor methodological, quality and accuracy differences still exist which limit cross-country comparisons. This is especially an issue in some Central Eastern European countries where cancer registries are underfunded. Hungary has been reported to have the highest cancer incidence rates in Europe (5, 6). Although the National Cancer Registry has been operating according to international guidelines since 2000, its registered data have not been used for such estimates. The overestimation of cancer incidence in Hungary may partly be due to one of the highest reported cancer mortality rates among European countries, since most studies calculate incidence rates based on mortality data (5). However, a recent publication suggested that mortality rates may be significantly influenced by the high autopsy rate of the country resulting in a significant number of post-mortem diagnoses for cancers which may remain asymptomatic for a long time such as lung, colorectal and pancreatic cancers (7). The Hungarian Undiagnosed Lung Cancer (HULC) study showed that 11.1% of reported lung cancer deaths were diagnosed post-mortem by a pathologist in 2019, which is in line with Hungary’s outstandingly high autopsy rate compared to other European countries (8).

The main objective of our nationwide, retrospective study (HUN-CANCER EPI-study – Multiple Cancer Epidemiology study) was to estimate the incidence of all cancer types for the first time in Hungary, using data from the Hungarian National Health Insurance Fund (NHIF) database. Furthermore, we sought to examine the incidence of the top ten most frequent cancer types by sex and age and describe trends in incidence rates for cancers frequently included in European cancer incidence reports, mostly by Ferlay et al. (3) Finally, we aimed to compare our results to findings from other European countries.





Materials and methods




Data sources

Our nationwide, retrospective study was performed using the databases of the Hungarian National Health Insurance Fund (NHIF) and the Hungarian Central Statistical Office (HCSO). The NHIF database encompasses almost the entire Hungarian population, including details on drug prescriptions, hospital admissions, outpatient consultations, and medical interventions. It also contains medical information related to diagnosis codes, according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) (9). The HCSO database is the official source of statistics on annual mortality rates among Hungarian citizens, stratified by the reported cause of death, age, and sex.

Our current study focused on patients diagnosed with any type of cancer (ICD-10 codes C00-97, excluding C44) between January 1, 2011, and December 31, 2019. The identification of records from different sources was based on social security numbers (‘TAJ’ number in Hungarian). To calculate annual cancer incidence rates, the NHIF database was queried for individuals having a cancer-related ICD-10 code in at least two separate reimbursement records. Patients who died within 60 days of the first reported ICD-10 code of interest were also included. If a patient had two or more different cancer-related ICD-10 codes, the ICD-10 code group with a higher number of associated occurrences was considered. For instance, if both the breast cancer-related ICD-10 code C50 and the lung cancer-related C34 code appeared in the reports, but more reimbursement entries were related to C50, the patient was defined as having breast cancer. This approach helped to exclude coding mistakes (e.g., metastasis of breast cancer in the lung coded as primary lung cancer, as the NHIF database is not a medical registry but a reimbursement-focused database). The date of diagnosis was defined as the first appearance of the identified cancer-related ICD-10 code. Second or multiple primary malignancies were excluded from further analysis, the consequences of which are detailed in the limitation section. When defining the ‘dominant’ tumor type in patients with multiple cancer types, only ICD-10 codes with at least two occurrences were considered. To allow for international comparisons, we clustered patients into the following groups in line with Ferlay’s publications (2, 3): lip, oral cavity and pharynx (C00-14), esophagus (C15), stomach (C16), colorectum (C18-21), liver (C22), gallbladder (C23-24), pancreas (C25), larynx (C32), lung (C33-34), melanoma of the skin (C43), breast (C50), cervix (C53), corpus uteri (C54), ovarian (C56), prostate (C61), testicular (C62), kidney (C64-65), bladder (C67), cancer of brain and CNS (C70-72), thyroid (C73), Hodgkin tumor (C81), non-Hodgkin lymphoma (C82-86, C96), multiple myeloma (C88+C90), and leukemia (C91-95).

Patients who did not have any of the previously described ICD-10 codes but had an ICD-10 code starting with C (except for C44) were classified as having other cancer. ICD-10 codes of C44 (non-melanoma skin cancer) were excluded in accordance with international cancer epidemiology studies (2, 3). We also calculated the incidence of any type of cancer for cross-country comparisons as the sum of the number of individuals in all categories (excluding C44).

A screening period was set from 2009 to 2010 to accurately identify newly diagnosed cancer patients from 2011 and to exclude patients with prevalent cancers at the start of the time window who had a prior cancer diagnosis code. To test the sensitivity of our definitions in the query, we carried out multiple calculations based on slightly modified alternative definitions of patients with cancer and compared the results. Incidence rates estimated based on these alternative definitions are included as Supplementary Material (Supplementary Table 1). The tested definitions included more stringent conditions, specifying a maximum gap between the two closest visits (30-180 days or 30-365 days), as well as less strict requirements, such as requiring only one occurrence of a cancer-related ICD-10 code for the most liberal definition. To identify the most accurate definition for cancer incidence, we investigated all reimbursed cancer-related interventions (systemic anticancer therapy, radiotherapy, morphology code, and cancer-related surgical intervention) for all the previously detailed scenarios (Supplementary Table 2). Based on these sensitivity analyses, we prioritized the scenario for cancer definition which required the occurrence of minimum two cancer-related ICD-10 codes of a given cancer type (except for cervical cancer, where a stricter definition was prioritized with a minimum of two cancer-related ICD-10 codes repeated within 30 to 180 days based on the sensitivity analyses in Supplementary Tables 2-4).

Hungarian population sizes for incidence calculations by age and sex, as well as dates and numbers of cause-specific mortality among cancer patients were obtained from the HCSO (10). For the calculation of incidence rates, annual numbers of newly diagnosed patients with any type of cancer were given as crude numbers (n); new cases were counted for each calendar year (between January 1 and December 31). Annual incidence rates are expressed as standardized rates (per 100,000 person-years [PYs]). Age-standardized incidence per 100,000 PYs were also calculated by sex using the cohort weights from European Standard Population (ESP) 2013 (11) for local trend analyses and ESP 1976 for cross-country comparisons (as most of the prior publications used this standard population) (12). Where crude numbers of any parameter were recorded below ten, we indicated “<10” as the NHIF data protection rule does not allow the presentation of case numbers below ten in a stratum. In these cases, calculations were run on the exact crude numbers.

Aggregated cause-specific mortality data by age and sex was obtained from the HCSO for the disease groups described previously. We considered the number of patients who died of any type of cancer (excluding C44) between January 1 and December 31 of a given year as the number of cancer-related cause-specific deaths. Cancer-specific mortality was expressed as crude numbers (n) and standardized rates per 100,000 PYs. We used standardized incidence and cause-specific mortality rates to evaluate temporal trends in incidence and mortality. Where the crude number of individuals in a category was below three (no more detail can be disclosed to protect the privacy of these patients), the numerical value was imputed to be 1.5 in calculations concerning the data point. The size of the Hungarian population by year, age and sex was also provided by the HCSO.

The study was approved by the National Ethical Committee (IV/298-2/2022/EKU).





Statistical analysis

Age-standardized incidence and mortality rates per 100,000 PYs by sex were calculated using ESP 2013 (11) cohort weights for local trend analyses and ESP 1976 weights (12) for comparability with Ferlay’s publications (3). Annual trends for incidence and mortality were estimated based on a Poisson-regression model incorporating age and sex as explanatory variables in addition to the year and the log of the population size as offsets. To compensate for the bias potentially introduced by the interdependence of population sizes in consecutive years, 95% confidence intervals (95% CI) were estimated using the robust sandwich method offered by the R package sandwich (13). Differences were considered statistically significant when p-value proved to be lower than 0.05. All calculations were carried out in R v4.2.1 (Available from: https://www.r-project.org).






Results




Number of newly diagnosed cases

We identified 60,554 and 56,675 newly diagnosed cancer cases in the NHIF database in 2011 and in 2019, respectively (30,154 in males and 30,400 in females in 2011; 27,970 in males and 28,705 in females in 2019) (Table 1). The five most common tumor types in men were as follows (based on the number of newly diagnosed cases in 2019): colorectal cancer (C18-21: n=5,293), lung cancer (C33-34: n=4,787), prostate cancer (C61: n=4,022), bladder cancer (C67: n=1,797), and lip, oral cavity, and pharyngeal cancers (C00-14: n=1,509). In women, the most common tumor types were breast cancer (C50: n=7,305), colorectal cancer (C18-21: n=3,978), lung cancer (C33-34: n=3,711), uterine cancer (C54: n=1,463), and melanoma of the skin (C43: 1,180). The number of newly diagnosed cancers (a) and the number of cause-specific deaths (b) by different age groups are shown in Supplementary Table 3. For the sensitivity analyses, newly diagnosed cancer cases based on alternative cancer definitions are shown inSupplementary Tables 1A–D.


Table 1 | Number of newly diagnosed cases and deaths by cancer type, sex, and year in Hungary, HCSO: Hungarian Central Statistical Office; NHIF: National Health Insurance Fund.







Age-standardized incidence and mortality rates

Age-standardized incidence rates of all cancers excluding C44 (ESP 2013) decreased from 808.8 in 2011 to 686.0/100,000 PYs in 2019 in men, with a mean annual decrease of 1.86% (95% CI: 1.36-2.35; decrease for the whole study period: 15.18%) (Figure 1). Corresponding numbers in females were 558.1 in 2011 (31.0% lower than in males) and 505.7 in 2019, showing a mean annual decrease of 1.04% (95% CI: 0.66-1.42). Age-standardized overall cause-specific mortality rates (excluding C44) were 495.2/100,000 PYs in 2011 and 439.0/100,000 PYs in 2019 in males, with a mean annual decrease of 1.63% (95% CI: 0.92-2.34) (Figure 1). Similarly, mortality rates were 266.1/100,000 PYs in 2011 and 250.98/100,000 PYs in 2019 among females, corresponding to a significant mean annual decrease of 0.64% (95% CI: 0.15-1.13). On the other hand, the annual number of registered cancer deaths did not significantly change during the study period, remaining between 32,000–33,000 in both genders. The overall, combined incidence rate of cancer has increased from 650.5 onto 570.9/100,000 PYs with a yearly average of 1.4% (95%CI: 2.4%-0.5%), while the overall mortality rate has change from 355.1 onto 324.4/100,000 PYs, showing also significant yearly average change (-1.2%; 95%CI:-1.7%–0.6%).




Figure 1 | Age-standardized overall cancer incidence rates and overall cause-specific cancer mortality rates in Hungary between 2011 and 2019 (ESP 2013) (per 100,000 PYs; dotted lines represent 95% CI). CI, confidence interval; ESP, European Standard Population; PYs, person-years.







Age-standardized incidence and mortality rates by most common tumor types in 2018

In 2018, the most common cancer type among men was lung cancer, with an age-standardized incidence rate of 88.3/100,000 PYs, followed by colorectal cancer (82.2/100,000 PYs) and prostate cancer (62.3/100,000 PYs). Mortality rates were 88.8, 46.5, and 20.9 per 100,000 PYs, respectively, using ESP 1976 (Figure 2). In 2019, the age-standardized incidence of colorectal cancer exceeded that of lung cancer (87.2 vs. 79.3/100,000 PYs, respectively) (Supplementary Table 4). Incidence and mortality rates of lung cancer and colorectal cancer were well above the European Union (EU) average.(3) However, the incidence of prostate cancer was lower.




Figure 2 | Age-standardized incidence and mortality rates for the 10 most common cancer types in Hungary in 2018 using ESP 1976. Incidence and mortality rates are compared with the European Union (28) average based on Ferlay’s report from 2018 (3). ESP, European Standard Population.



In women, the three most common cancer types were the breast cancer (104.6/100,000 PYs), lung cancer (47.7/100,000 PYs), and colorectal cancer (45.8/100,000 PYs). The highest mortality rate was found for lung cancer (40.6/100,000 PYs), followed by breast cancer (24.6/100,000 PYs), and colorectal cancer (22.6/100,000 PYs) in 2018. Incidences of colorectal cancer and lung cancer were higher, than the EU average; however, breast cancer incidence was similar. Figure 2 provides a comprehensive overview of the other most common cancer types among males and females, comparing their incidence rates and rankings to the EU average. For international comparisons, age-standardized incidence and mortality rates of different cancer types are shown for the whole study period with ESP 1976 (Supplementary Table 4) as well as with ESP 2013 (Supplementary Table 5).





Incidence and mortality of all cancer types in Hungary compared to other European countries

In the current study, the age-standardized incidence of all cancer types (excluding C44) was 475.5/100,000 PYs in 2018 in males, which was higher, than the EU-27 average (436.0/100,000 PYs), but significantly lower, than previously estimated for Hungary (580.5/100,000 PYs using ESP 1976) (Figure 3A). Incidence rates found in the current study were comparable to those from the Czech Republic, Slovakia, Lithuania, and Estonia, and higher than in Austria, a neighboring but more developed country. The age-standardized mortality rate of all cancer types was 291.7/100,000 PYs in 2018 in males, one of the highest among European countries (average: 217.4/100,000 PYs), but somewhat lower, than in Ferlay’s report (299.9/100,000 PYs) (Figure 3A) (3).




Figure 3 | Age-standardized incidence (red) and mortality (blue) rates in males (A) and females (B) for all cancer types (excluding C44) per 100,000 PYs in European countries and Hungary based on Ferlay’s report (2) and in the HUN-CANCER EPI study using the NHIF/HCSO databases in 2018 (ESP 1976). ESP, European Standard Population; NHIF, National Health Insurance Fund; HCSO, Hungarian Central Statistical Office; PYs, person-years. Description: EU-28: 28 European Union member states in 2018.



In women, the age-standardized incidence of all cancer types (excluding C44) was 383.6/100,000 PYs in 2018, which was higher, than the EU-27 average (332.6/100,000 PYs), but significantly lower, than previously estimated for Hungary (438.5/100,000 PYs using ESP 1976). The age-standardized mortality rate for all cancer types was 168.7/100,000 PYs compared to the European average of 128.1/100,000 PYs in 2018, considerably lower, than the rate estimated by Ferlay et al. (178.1/100,000 PYs) (Figure 3B). (3) Mortality rates remained among the highest in Europe in both sexes and were higher than in other Central Eastern European countries.





Change in incidence and mortality rates of different cancer types between 2011 and 2019

Figure 4 shows the changes in incidence and cause-specific mortality rates of all cancer types (excluding C44) among the most common cancer types between 2011 and 2019.




Figure 4 | Changes in incidence (A) and cause-specific mortality rates (B) between 2011 and 2019 (prior to the Covid-19 pandemic) among the most common cancer types in the total study population and according to sex. CI, confidence interval.



The highest annual decreases in incidence rates were found in stomach cancer (4.65%), laryngeal cancer (4.44%) and gallbladder cancer (3.45%), while there were significant increases in the incidence of non-Hodgkin lymphoma (0.88%), melanoma of the skin (1.41%) and thyroid cancer (3.30%). The most pronounced decreases in cause-specific mortality rates were found in stomach cancer (3.85%), gallbladder cancer (3.20%), thyroid cancer (2.91%), laryngeal cancer (2.71%), and melanoma of the skin (2.66%). The only significant increases in mortality rates were found among women for bladder cancer (1.38%) and pancreatic cancer (1.22%).





Change in overall incidence and mortality rates by different age cohorts between 2011 and 2019

Figure 5 shows the changes in overall incidence and cause-specific mortality rates of all cancer types (excluding C44) among the different age cohorts by different sex, between 2011 and 2019. The most relevant decrease of cancer incidence was found in the 40-49, 50-59 and in 80≤ age cohorts, especially in case of males, where we found a 3.9% average annual decrease (4.4%-3.6%) at the 50-59 cohorts. On the other hand, the increase of average annual incidence was significant in the female 30-39 cohort (1.6%; 95%CI:0.8%-2.4%). The age and sex related change of mortality rates were mostly similar to the incidence rate trends, the highest decrease in the mortality rate was found in the 40-49 and 50-59 male cohorts. The only significant increase in mortality rate was found in the 70-79 cohort of females.




Figure 5 | Age and sex related average annual percent changes in incidence (A) and cause-specific mortality rates (B) between 2011 and 2019 (prior to the Covid-19 pandemic). CI, confidence interval.








Discussion

This nationwide, retrospective study was performed as part of the Hungarian HUN-CANCER EPI Multiple Cancer Epidemiology program to assess incidence and mortality rates of all cancer types between 2011 and 2019 in Hungary. Besides the epidemiological data of the Hungarian National Cancer Registry (14, 15), this study provides real-world data on all cancer types in Hungary, based on the analysis of the national health insurance fund database.

The main results of our analysis were as follows:

	1. Age-standardized incidence rates of all cancer types were significantly lower in both sexes in 2018, than estimates reported by Ferlay et al. (18.1% lower in men and 12.4% lower in women; HUN-CANCER EPI vs. Ferlay et al.: 475.5 vs. 580.5/100,000 PYs in males and 383.6 vs. 438.5/100,000 PYs in females in 2018).



	2. Age-standardized incidence of all cancer types was higher in males, and significantly decreased by 1.46% on average per year (by 1.86% in males and by 1.04% in females). Age-standardized mortality rates showed a mean annual decrease of 1.16% in males and 0.57% in females between 2011 and 2019. Both decrease of incidence and mortality rates were most pronounced at 40-59 age cohorts of males.



	3. In 2018, the five most common cancer types were lung, colon, prostate, bladder and head and neck cancers in males, and breast, colon, lung, uterine cancer, and melanoma of the skin in females.



	4. Age-standardized incidence rates (ESP 1976) were generally higher, than the EU average, except for prostate cancer, where the Hungarian incidence rates were significantly lower.



Recent cancer incidence reports, such as those from the European Cancer Information System (ECIS), Globocan, and Cancer Incidence in Five Continents (CI5), provide comprehensive and up-to-date data on the global burden of cancer. The ECIS focuses on detailed cancer statistics across Europe, highlighting regional variations and trends within the continent. Globocan offers a global perspective, estimating cancer incidence and mortality worldwide, with a particular emphasis on variations between high- and low-income countries. The CI5 series, published by the International Agency for Research on Cancer (IARC), compiles data from cancer registries across five continents, enabling comparisons of cancer patterns and trends over time and across different populations. Together, these sources underscore the importance of continuous monitoring and international collaboration in understanding and addressing the global cancer burden.

However, previous GLOBOCAN estimates on overall cancer incidence in Hungary were solely based on the methodology applied by Ferlay et al. for 2018. Namely, cancer mortality rates reported by the HCSO were used for the calculation of incidence rates. Mortality data from the 2006–2015 period served as a basis for the calculation of age-standardized mortality rates in 2018, already resulting in a slight overestimation. Then, incidence and mortality data from the Czech Republic and Slovakia were derived from their respective cancer registries. As a final step, Hungarian incidence rates were estimated using mortality-per-incidence rate ratios from these two neighboring countries and HCSO-based mortality data. In other words, incidence and mortality rates reported in the Czech Republic and Slovakia were ‘translated’ into Hungarian incidence data (3).

Our recent publication on the epidemiology of lung cancer in Hungary demonstrated the high proportion of only post-mortem diagnosed lung cancer cases in Hungary, accounting for 11.1% of cancer-related cause-specific mortality. This may be due to the much higher autopsy rate compared to other European countries (7, 8). Lower autopsy rates for hospital deaths decrease the likelihood of post-mortem cancer diagnoses, especially for cancers commonly diagnosed in late stages. Therefore, cause-specific mortality reported from countries with low autopsy rates may be lower than the actual numbers. The Czech Republic and Slovakia were reported to have 16.6% and 10.9% autopsy rates of hospital deaths in 2018, respectively, compared to the Hungarian rate of 35.8% (8). Traditionally, international comparisons of mortality rates have used HCSO-derived data from Hungary, which contains post-mortem diagnosed cases. Therefore, we propose using NHIF-based cancer incidence data from Hungary for comparisons of cancer burden with other European countries, at the same time acknowledging that actual cancer incidence may be higher due to the significant proportion of post-mortem diagnosed cases. Of note, autopsy rates significantly decreased during the study period in Hungary, which may partly explain the decrease of standardized mortality. On the other hand, the change in age distribution in Hungary during the study period may also have contributed to the observed decrease in standardized mortality rates, which is supported by the fact that the number of deaths did not change during the study period. Incidence rates found in our study are much more in line with those reported from other post-socialist countries in the region, than shown by previous estimates. Cancer incidence in Hungary was found to be in a similar range to that reported from the Czech Republic, Slovakia, and Serbia based on their respective cancer registries, and much higher, than incidence rates reported from Austria, a neighboring but more developed country. This similarity can be attributed to the comparable prevalence of cancer risk factors in these countries. Smoking is one of the main risk factors for the development of cancer (16). The estimated proportion of regular daily smokers in the population aged 15 years and over was 25.8% in 2014 in Hungary, which only slightly exceeds the EU average (22.3%) and proportions in the Czech Republic (22.3%), Slovakia (22.9%), and Austria (24.3%), and is lower than in Croatia (27.5%), Bulgaria (28.2%), and Serbia (29.2% in 2013) (WHO) (17). In terms of obesity, which is another important risk factor for cancer development (18), Hungary ranks among the countries with the highest prevalence of overweight (58.4% in 2014 vs. 51.2% EU average), with similar rates observed in the Czech Republic (58.4%), Slovakia (57.8%), Poland (56.7%), and Croatia (63.8%). Regular alcohol consumption is also known to increase the risk of cancer (19). In Hungary, the proportions of daily and weekly alcohol consumers were 6.3% and 19.1% in 2019, respectively, lower than the EU average (8% and 28.4%, respectively), Czech Republic (7.8% and 33.8%), and Bulgaria (10.2% and 23.8%), but similar to Slovakia (4.1% and 19.3%), Croatia (10.2% and 17.9%), and Romania (2.9% and 19.0%) (20).

After conducting a thorough validation of the HUN-CANCER EPI study data on incidence and mortality, we can state that the incidence of diagnosed cancer in Hungary is higher, than the European average in both sexes, albeit not exceptionally high compared to other Central European countries. Of note, based on analysis, these rates showed a decreasing trend over the past decade, even prior to the onset of the Covid-19 pandemic (21, 22). Our results highlight a fundamental shift in perception about cancer burden in Hungary, showing similar cancer incidence rates to other countries in the region, rather than exceptionally high incidence rates in Europe. These findings support the need for the unification of data collection and adjustment guidelines which may establish more accurate and comprehensive cancer registries in post-socialist countries. Achieving this goal would allow for the more accurate analysis of cancer burden in the region, since the role of population-based registries is essential to provide reliable epidemiological data. Until then, currently available cancer incidence estimates, including our current study, should be interpreted with caution, acknowledging their limitations (3).

According to the population-based data of GLOBOCAN, in the majority of EU member states the standardized incidence rates of all malignant tumors excluding C44 stagnated or decreased in 2011-2018 or in part of the period for which data were reported (23). This is in line with our findings. Nevertheless, the studied period was relatively short, and the future availability of longer time series will allow for the observation of more reliable trends over time. Beside the already implemented prevention and screening programs, to ensure the positive trends in cancer incidence, more focus should be put on the Third Expert Report on Diet, Nutrition, Physical Activity, and Cancer by the World Cancer Research Fund (WCRF), the European code against cancer guidelines and the American Institute for Cancer Research (AICR), which offers a comprehensive analysis of current research in cancer prevention and survivorship (24). It provides a global framework for reducing cancer burden, enhancing health, and improving the quality of life for survivors, while guiding healthcare practitioners on diet and lifestyle changes. Additionally, it outlines research priorities to improve evidence-based recommendations for public health and personalized strategies for at-risk individuals and cancer survivors.

Our study has important strengths and limitations that need to be considered when interpreting the results. One of the notable strengths lies in the robust number of identified cancer patients, which increases the statistical reliability of our findings. The data were thoroughly cleaned, ensuring their accuracy and validity. Additionally, the extended 9-year follow-up period provided a comprehensive view of cancer trends over time. The nationwide coverage of the NHIF database and its comparison to HCSO mortality data allowed for a more comprehensive assessment of cancer outcomes in the country. Furthermore, the inclusion of cancer-related interventions helped to exclude cases where cancer-associated ICD codes were used mistakenly, and the interventions did not align with the ICD code and the patient did not die shortly after the ICD code assignment. These methodological considerations contribute to the soundness of our conclusions.

However, there are certain limitations, as well. Our reported incidence rates are generally lower than those published by the Hungarian National Cancer Registry, which is due to the different data cleaning and processing methods. For example, one reason for the difference is that the registry contains each reported case until the rapporteur withdraws it in case of false reporting (i.e., the diagnosis of the case changes), whereas our study used the rules for case definition described in the Methods section. Furthermore, the NHIF database lacks information on post-mortem diagnosed cases, which could have resulted in the underestimation of cancer incidence. The impact of post-mortem diagnosed cancer cases highly depends on the autopsy rate for hospital deaths. While this limitation exists, it is worth noting that the autopsy rate in most other European countries is generally below 10%. Therefore, the potential underestimation of cancer incidence due to the exclusion of post-mortem identified cases might be of a similar magnitude, rendering our results still comparable to those of other countries. Another limitation is related to the methodology of identifying cancer patients based on the majority of cancer-related ICD code records. Although a sensitivity analysis was performed, this approach might lead to the exclusion of patients who could have had secondary or multiple primary tumors, potentially resulting in a certain underestimation of cancer incidence. Moreover, our retrospective database analyses span a 9-year period, during which patients initially diagnosed with a certain primary tumor could have developed another type of primary cancer during the follow-up period. This temporal aspect should be considered when interpreting the results and understanding the potential changes in cancer diagnoses over time. Previous analyses from the SEER Program in 1995 reported that multiple primary neoplasms accounted for 13.1% of cancers in men and 13.7% in women (25, 26). In a study from Portugal, the 5-year cumulative incidence of secondary primary cancer was 3.0% (27). In our 9-year study, we estimated approximately 14,000 cases of secondary primary cancer over a median follow-up of 4.5 years in a prevalent cancer population of 459,204 individuals in 2019 (including incident cases in 2019). This may have led to an underestimation of around 1,500 new cancer cases annually (2.7%). Moreover, the NHIF database lacked information on molecular histology, TNM stage, and ECOG status of the patients, preventing us from assessing cancer incidence by specific histological and molecular subtypes and examining the impact of patient-related factors on cancer mortality. We are also emphasizing, that there is a cancer registry for childhood malignancies available in Hungary led by Semmelweis University, which reports cancer incidence and survival estimations for 0-18 year cohort on a regular basis.

Given that cancer incidence trends can be sensitive to the duration of the screening period (2 years from 2009 and 2010), we conducted a trend analysis with the use of a longer, six-year screening period. We calculated the average yearly incidence change from 2015 to 2019 and observed a significant decrease, greater than that seen in the 2011-2019 period, for both sexes. For males, the average yearly decrease was 2.10% (95% CI: 1.47%-2.72%-), and for females, it was 1.67% (95% CI: 1.18%-2.17%-). Regarding mortality rates, the 2015-2019 period also showed a significant decrease, slightly higher than the previous period, with a yearly average of 1.67% (95% CI: 0.48%-2.85%-) for males and 1.14% (95% CI: 0.33%-1.94%-) for females. Therefore, the longer screening period confirmed that cancer incidence and mortality rates have significantly decreased for both sexes in Hungary over the last decade.





Conclusion

The HUN-CANCER EPI study represents an effort to provide more accurate estimates of the incidence of newly diagnosed cancer cases in Hungary using the database of the Hungarian National Health Insurance Fund in a pioneering way. Our results show a significantly lower number of diagnosed cancer cases compared to previous GLOBOCAN estimates which were based on cause-specific cancer mortality data and mortality-to-incidence rate ratios from neighboring countries. One crucial factor contributing to the previous overestimation of cancer incidence in Hungary is the exceptionally high autopsy rate for hospital deaths in the country which led to a high number of post-mortem diagnosed cancer cases coded as the underlying cause of death, thus inflating incidence estimates. Our newly calculated cancer incidence rates are consistent with data from other Central Eastern European countries in line with the similar prevalence of major cancer risk factors in these countries. The highest incidence rates were found for lung, colon, and prostate cancer in men, and for breast, colon, and lung cancer in women, which is consistent with international findings. Furthermore, our study revealed decreasing trends in cancer incidence and mortality for almost all cancer types. These trends can largely be attributed to the decreasing prevalence of smoking, driven by European and Hungarian initiatives and regulations aimed at tobacco control. Nevertheless, the burden of cancer is still very high in Hungary, and its control should be a public health priority. The means are known and should be implemented.
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Bold values indicate total case numbers, considering all tumor types included in the study.
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