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Simple Summary

The COVID-19 pandemic severely disrupted cancer screening and diagnosis. Using na-
tionwide health insurance data, this study compared cancer incidence and mortality rates
before (2011-2019), during (2020-2021), and after (2022-2023) the pandemic in Hungary.
The results showed steadily declining cancer incidence rates before the pandemic. During
2020-2021, incidence dropped sharply below expectations, with the largest declines seen
for slow-growing tumors heavily dependent on routine screening such as prostate, kidney,
and skin cancers. By 2022-2023, partial recovery was observed for some of these cancers,
suggesting delayed cases were eventually detected. Lung and liver cancers showed no re-
covery. Overall cancer mortality remained relatively stable during the available follow-up;
however, melanoma was a notable exception, where mortality increased in 2023. These find-
ings underscore the need for targeted catch-up screening strategies and greater healthcare
system resilience against future disruptions.

Abstract

Background: The coronavirus disease 2019 (COVID-19) pandemic significantly disrupted
cancer screening, diagnosis, and care. This phase of the Hungarian Cancer Epidemiology
(HUN-CANCER-EPI) study evaluated trends in cancer incidence and mortality in Hungary
during the pre-COVID (2011-2019), COVID (2020-2021), and post-COVID (2022-2023)
periods. Methods: Nationwide data from the Hungarian National Health Insurance Fund
database were analysed. Age- and sex-adjusted incidence and mortality trends from 2011
to 2019 were modeled using Poisson regression. Changes from trends in 2020-2023 were
compared to pre-COVID projections with 95% confidence intervals. Results: From 2011 to
2019, age-standardised cancer incidence declined by 1.9% (95% CI: 1.3% to 2.4%) annually
in males and by 1.0% (95% CI: 0.6% to 1.4%) in females. During 20202021, incidence
dropped sharply below the expected: in 2020 (—12.8% in males and —11.8% in females)
and in 2021 (—11.7% and —7.9%, respectively). The largest declines affected prostate,
melanoma, and kidney cancer. Rapidly progressing tumors like pancreatic and esophageal
showed smaller decreases. By 2023, partial incidence rebounds were observed for prostate
cancer, kidney cancer, and melanoma, likely reflecting the recovery of pandemic-delayed
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diagnoses. Lung and liver cancers showed no rebound. The steepest drops were in males
aged 70+, with incomplete recovery. Mortality stayed near expected levels overall, with
some exceptions, like melanoma, where the rebound in incidence coincided with increased
mortality rates in 2023, which may reflect delayed diagnosis, although this cannot be
directly confirmed. Conclusions: The pandemic had lasting, cancer-type-specific impacts
on incidence patterns, particularly affecting screening-dependent, slow-growing tumors.
Mortality remained largely stable overall during the available follow-up, highlighting the
need for targeted recovery strategies and strengthened healthcare system resilience.

Keywords: COVID-19, cancer screening; pandemic impact on cancer diagnosis; cancer
mortality Hungary; delayed cancer diagnosis; cancer in Hungary

1. Introduction

The COVID-19 pandemic profoundly disrupted healthcare systems worldwide, in-
cluding cancer care pathways [1]. Multiple studies have documented its impact on cancer
incidence and mortality, demonstrating that diagnostic delays, reduced access to screening,
and reorganized healthcare services led to a substantial decline in new cancer diagnoses,
particularly during the peak years of 2020 and 2021 [2,3]. These effects were most pro-
nounced for malignancies reliant on elective diagnostics and organized screening, such as
melanoma, prostate, colorectal, and kidney cancers, while tumors with acute symptoms
and rapid progression (e.g., pancreatic, esophageal, lung) showed smaller or inconsistent
reductions [4].

Although international research, mainly from Western Europe and North America,
has documented overall pandemic-related shifts in cancer detection and care, detailed
national analyses stratified by cancer type, sex, and age remain limited. In Hungary, Elek
et al. demonstrated that during 20202021, newly diagnosed lung, colorectal, and breast
cancers decreased by 14-20% compared with expected trends, with the strongest declines
observed among older age groups and some narrowing of socioeconomic disparities [5].
Another study by the same group showed that temporary reductions in organized mam-
mography screening were associated with 15-30% fewer new breast cancer diagnoses and
surgical interventions in quarters with markedly reduced screening activity compared
with pre-pandemic years [6]. Notably, post-pandemic trends in cancer incidence and
mortality during 2022 and 2023 are still underreported, especially in Central and Eastern
Europe, where comprehensive, population-based studies spanning the entire pre-COVID
(2011-2019), COVID (2020-2021), and post-COVID (2022-2023) periods are mostly lacking.

To address this gap, the HUN-CANCER EPI initiative was launched to assess cancer
incidence and mortality trends in Hungary using the National Health Insurance Fund
(NHIF) database which allows for the robust evaluation of both short-term disruptions
and longer-term epidemiological shifts observed during the pandemic period. The current
study aimed to quantify deviations in cancer incidence and mortality from pre-pandemic
trends (2011-2019) during the pandemic years, examine variations across major cancer
types, assess age- and sex-specific patterns, and identify rebound effects and diagnostic
deficits during and after the COVID-19 pandemic (20202021, 2022-2023).

2. Materials and Methods

This nationwide, retrospective study was based on the administrative databases of the
Hungarian National Health Insurance Fund (NHIF) and the Hungarian Central Statistical
Office (HCSO). The NHIF database includes over 95% of the entire Hungarian population
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and provides detailed longitudinal records on in- and outpatient care, reimbursed medical
procedures, prescribed medications, and mortality data. Diagnostic information is recorded
according to the International Statistical Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10). The HCSO database served as the official source for
annual population sizes and cause-specific mortality data by age and sex [7].

We identified patients diagnosed with malignant tumors (ICD-10 codes C00-C97,
excluding C44) between 1 January 2009, and 31 December 2023. Patients were classified
into cancer groups according to the ICD-10 coding system, following the grouping system
defined in Ferlay’s publications [8,9]. Individuals were included in the primary incident
cancer population if they had at least two occurrences of the same ICD-10 ‘C’ code (within
the study period) in either inpatient or outpatient specialist care after 1 January 2011, and
no cancer-related ICD-10 code during the screening period (1 January 2009, to 31 December
2010). As an exception, patients were also included if only a single C-code occurrence
was recorded and any of the following conditions applied: (i) the patient died within
60 days following the first appearance of the code; (ii) the cancer-related ICD-10 code
was recorded as the cause of death in the NHIF mortality data; (iii) at least one oncology-
specific intervention was associated with the cancer ICD-code (e.g., systemic anticancer
therapy, radiotherapy, oncologic surgery, or a valid morphology code). Where more than
one cancer-related ICD-10 code was recorded, the tumor type with the highest number
of occurrences (over the whole study period) was selected as the index primary cancer,
unless a different cancer type met the stricter inclusion criteria outlined above. The date of
diagnosis was defined as the earliest date on which the relevant C-code appeared. Patients
with second or third primary cancers were also identified using a standardized algorithm.
A second primary cancer was defined as a distinct Ferlay-classified tumor diagnosed at least
12 months after the index primary cancer, involving at least two occurrences of a different
ICD-code and supported by at least one oncology-specific intervention. Similarly, a third
primary cancer was defined as a further, new ICD-code distinct from both primary and
secondary cancers, also observed at least one year later and linked to at least one oncology-
specific procedure. Only cases that met all criteria for subsequent primary cancers were
included. ICD-10 codes of C44 (non-melanoma skin cancer) were excluded in accordance
with international cancer epidemiology standards. For international comparisons, we also
calculated total cancer incidence by summing cases from all eligible ICD-10 categories
(excluding C44). For cervical cancer specifically, two cancer-related ICD-10 codes were
required within 30 to 180 days, based on the results of sensitivity analyses. As ICD coding
practices for cervical cancer changed during the study period, precancerous lesions were
no longer routinely coded as invasive cervical cancer.

Sensitivity analyses were performed to assess the robustness of our case definitions
and to explore how alternative assumptions might influence the observed incidence trends.
Because the NHIF claims database does not contain individual-level clinical validation,
we relied on administrative proxies to test the plausibility of our identification algorithm.
First, we compared the primary case definition with alternative definitions that were
either stricter or more permissive with respect to the number of required ICD-10 code
occurrences and the time interval allowed between repeated claims. This allowed us to
examine whether the observed trends were driven by the exact coding rules used for
case ascertainment. Second, we assessed the proportion of identified cases that could
be corroborated by oncology-specific evidence, including surgery, radiotherapy, systemic
anticancer treatment, or morphology codes. In addition, we examined consistency with
cause-specific mortality data from the NHIF to further support the plausibility of the
identified cases at the population level. Across these alternative specifications, the main
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findings remained materially unchanged, suggesting that the observed incidence patterns
were not highly dependent on a single operational definition of a cancer case.

Annual age- and sex-specific population sizes and cause-specific mortality data were
obtained from the CSO. The number of newly diagnosed cancer cases each year was
expressed as absolute numbers (n), and annual incidence and cause-specific mortality rates
were calculated as standardized rates per 100,000 person-years (PYs). Age-standardized
rates were computed using the European Standard Population (ESP) 2013 weights [10].
Wherever the crude number of individuals in a category was below ten, the value was
masked in accordance with NHIF data protection policies; in such cases zero cases were
imputed for calculations concerning the data points. For cause-specific mortality, the data
masking threshold was lower (3 cases), and it was possible to differentiate from layers
with 0 cases. A virtual case number of 1.5 was imputed for these data point to enable
downstream statistical analyses.

Annual incidence and mortality trends were evaluated using Poisson regression mod-
els. Calendar year was included as a continuous linear predictor to estimate the underlying
pre-pandemic trend, while sex and age group (10-year bandwidth) were included as co-
variates. Deviations during the pandemic and post-pandemic years were modeled using
year-specific indicator variables. The log-transformed population size was included as an
offset. Poisson regression was chosen because the outcomes were annual counts of incident
cancer cases and deaths, making this approach appropriate for modeling rate data with
population size included as an offset. The pre-pandemic period (2011-2019) was used to
estimate the underlying secular trend with a simple linear time term as an operational
and interpretable approximation of long-term change. The assumption of approximate
linearity in the pre-pandemic trend was evaluated descriptively and supported by the
sensitivity analysis using alternative age-group specifications. Because the number of cases
below age 30 was low for most studied diagnoses, and because data masking introduced
substantial noise in the 0-29 age group, these observations were excluded from the primary
statistical model. This decision was also consistent with the study focus on adult-onset
cancers, for which the youngest age groups were not central to the research question. To
examine whether the choice of 10-year age bands and the masking of small cell counts had
any meaningful influence on the estimated trends, we fitted an alternative model using
single-year age bins and unmasked case numbers. The results of this sensitivity analysis
are shown in Supplementary Table S1. The overall findings were materially unchanged,
indicating that the primary results were robust to this alternative model specification.

We defined 2011-2019 as the pre-pandemic period, 2020-2021 as the COVID period and
2022-2023 as the post-COVID period, acknowledging that healthcare recovery was gradual.
A single statistical model was built to simultaneously estimate a long-term trend (data
from 2011-2019) and the deviation of rates in individual years from the trend starting with
2020, adding those years as extra categorical variables. Results are shown as the estimated
difference between values observed during the COVID period (2020-2021) or post-COVID
period (2022-2023) and expectations based on the average annual percent change (AAPC)
in the 2011-2019 period. The differences were expressed as relative deviations in percent
with 95% confidence intervals (95% ClIs). Post-pandemic rebound was defined as incidence
that was not significantly below the incidence expected based on the 2011-2019 trend. To
address potential bias from repeated measurements across years, CIs were calculated using
the robust sandwich estimator from the sandwich package in R. A p-value of less than
0.05 was considered statistically significant. All analyses were performed in R version 4.2.1
(https:/ /www.r-project.org) (Accessed date: 30 November 2025).

The study was approved by the Hungarian National Ethical Committee (IV/298-
2/2022/EKU).
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3. Results
3.1. Trends in Overall Cancer Incidence and Mortality by Age and Sex in Hungary, 2011-2023

Between 2011 and 2019, age-standardized cancer incidence and mortality rates
(Supplementary Tables S2-S5) showed a consistent decline in Hungary for both sexes. In
males, cancer incidence decreased by an average of 1.9% per year (95% CI: —2.4% to —1.3%),
while females experienced a slower decline of 1.0% annually (95% CI: —1.4% to —0.6%)
(Figure 1). Mortality rates followed a similar downward trend, with annual decreases of
1.7% (95% CI. —2.5% to —0.9%) for males and 0.7% (95% CI: —1.2% to —0.1%) for females.
In 2020, observed cancer incidence dropped sharply below expected levels in both sexes:
by 12.8% (95% CI: —16.6% to —8.9%) in males and by 11.8% (95% CI: —15.9% to —7.7%) in
females (Figure 1). This reduction persisted in 2021, with incidence rates remaining 11.7%
(95% CI: —=17.7% to —16.6%) lower than expected in males and 7.9% (95% CI: —11.5% to
—4.3%) lower in females. By 2022-2023, incidence trends diverged by sex. A rebound in
incidence was observed in both sexes, although its magnitude and statistical significance
varied by cancer type and sex. Specifically, females demonstrated a statistically significant
increase above expected levels in 2023, with incidence exceeding predictions by 4.8% (95%
CI: 0.5% to 9.20/0).
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Figure 1. Age-standardized incidence and mortality rates of all cancer types (excluding C44) in
Hungary between 2011 and 2023 (ESP 2013), with percentage changes shown relative to the expected
trend based on the pre-COVID period (2011-2019). The figure highlights changes in incidence
during the COVID period (2020-2021) and in the post-COVID years (2022-2023), alongside diverging
mortality trends by sex (* relates to significant changes). ESP, European Standard Population.

Mortality remained close to predicted values from 2020 to 2023 in both sexes
(Figures 1 and 2), consistent with the long-term declining trend observed across the study
period. However, delayed consequences of pandemic-related diagnostic disruptions may
only become apparent in subsequent years.

Age-specific trends in the pre-pandemic period revealed the largest incidence and mortal-
ity decreases in middle-aged groups, particularly in males aged 4049 years (incidence change:
—3.2% [95% CI: —3.4% to —3.0%]; mortality change: —6.6% [95% CI: —7.7% to —5.5%]) and
50-59 years (incidence change: —4.1% [95% CI: —4.6% to —3.6%]; mortality change: —5.3%
[95% CI: —5.7% to —4.9%]) (Figure 2). Women showed comparable declines in these age
groups (Figure 3). Notably, females aged 30-39 years experienced a slight increase in incidence
(1.1% [95% CI: 0.4% to 1.9%]) without a corresponding rise in mortality.

During the COVID period, males exhibited an age-dependent decline in incidence,
which was especially pronounced in the oldest cohort (80+ years: —17.3% [95% CI: —20.4%
to —14.1%] in 2020), with some rebound observed by 2023, notably in the 40-49 and 80+ age
groups (3.4% [95% CI: 7.5% to 11.9%] and 17.7% [95% CI: 12.7% to 22.7%], respectively)

https://doi.org/10.3390/ cancers18132027


https://doi.org/10.3390/cancers18132027

Cancers 2026, 18, 2027

7 of 22
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(Figure 2). Male mortality rates were generally lower than expected, except for an increase
in the 70-79 age group in 2023 (3.3% [95% CI: 1.1% to 5.5%]). Females experienced a similar
initial decline in incidence, with substantial rebound in 2023 concentrated in the 30-39
and 80+ age groups (9.5% [95% CI: 3.5% to 15.5%] and 14.9% [95% CI: 11.5% to 18.3%],
respectively). Female mortality remained stable, except for a significant increase in the
40-49 age group (14.9% [95% CI: 9.7% to 20.7%] in 2023), indicating a deceleration of
previous improvements.
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Figure 2. Annual changes in age-specific overall cancer incidence (A) and mortality (B) rates among
males in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the
expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.
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Figure 3. Annual changes in age-specific overall cancer incidence and mortality rates among females
in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the expected
trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values were
projected based on linear trends from the pre-pandemic years.

In summary, the COVID-19 pandemic was associated with a significant transient
decline in cancer incidence without corresponding changes in mortality. This pattern is
compatible with widespread diagnostic delays during the pandemic, although a direct
assessment of delayed diagnoses was beyond the scope of this study. Post-pandemic
rebounds in incidence rates, particularly among females, highlight the need for ongoing
monitoring and healthcare system adaptation.
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3.2. Trends in Cancer Incidence and Mortality by Cancer Type (2011-2023)
3.2.1. Males

Figure 4 shows a detailed breakdown of male cancer incidence trends by cancer site
during the entire study period. The incidence of lung cancer showed a steady pre-pandemic
decline of 3.4% annually (95% CI: —4.6% to —2.3%). This decline accelerated during the
pandemic years with a significant incidence reduction of 11.1% (95% CI: —19.2— to 3.0%)
in 2020 and consistent, although not significant reductions in 2021-2023. Laryngeal and
head and neck cancers also exhibited significant annual decreases pre-COVID (change:
—4.9% [95% CI: —6.8% to —3.0%] and —3.6% [95% CI: —5.0% to —2.2%], respectively),
with smaller and not statistically significant pandemic-related dips (estimated decreases
ranging from 7.4% to 9.1%). Esophageal cancer showed a milder pre-pandemic decline
(change: —2.3%/year [95% CI: —3.9% to —0.8%]), and was only marginally affected by
the pandemic, maintaining relatively stable incidence rates. In contrast, prostate cancer
demonstrated a decreasing incidence trend before the pandemic (change: —1.2%/year
[95% CI: —2.2% to —0.2%]), followed by substantial incidence reductions of 18.1% (95% CI:
—25.2% to —11.1%,; 2020) and 15.3% (95% CI: —21.9% to —8.6%; 2021), and a rebound of
17.7% (95% CI: 10.2% to 25.3%) in 2023. Melanoma incidence in males increased modestly
pre-COVID (0.9% [95% CI: 0.0% to 1.8%] per year), dropped sharply during the pandemic
(change: —18.1% [95% CI: —23.7% to —12.6%] in 2020, —13.0% [95% CI: —20.1% to —6.0%]
in 2021), and then showed not yet significant increases, showing a rebound above expected
levels. Kidney cancer incidence followed a similar pattern, with sharp pandemic declines
and minimal recovery, suggesting persistent diagnostic delays. Rapidly progressing tumors
such as pancreatic cancer and liver cancer did not show significant incidence rebounds post-
pandemic. Pancreatic cancer incidence remained largely unchanged during the pandemic,
with a slight downward trend continuing in 2022 and 2023. Liver cancer incidence also
declined slightly during the pandemic and remained stable thereafter.
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Figure 4. Annual changes in cancer incidence (A) and mortality (B) rates by main cancer types among
males in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the
expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.
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Cancer mortality trends in males largely mirrored incidence changes. Pre-COVID
mortality for lung cancer decreased by approximately 2.3% (95% CI: —3.6% to —1.1%)
annually. In 2023, melanoma mortality increased significantly by 9.3%, consistent with
delayed diagnosis leading to more advanced disease stages at presentation. Prostate cancer
mortality showed a non-significant upward trend in 2023 (3.1%).

3.2.2. Females

The analysis of female cancer incidence stratified by cancer type (Figure 5) revealed
a modest pre-pandemic decline in breast cancer incidence (change: —0.7%/year [95% CI:
—1.4% to —0.1%]), followed by a marked incidence drop during the pandemic (change:
—13.0% [95% CI: —19.1% to —7.0%] in 2020), and a sharp rebound of 11.7% (95% CI: 3.4% to
20.0%) in 2023, reaching statistical significance. Cervical cancer incidence similarly declined
pre-pandemic (change: —2.9%/year [95% CI: —3.8% to —1.9%]), with a non-significant
pandemic-related decrease, and a notable rebound of 12.6% (95% CI: 0.1% to 25.1%) in 2023.
Ovarian cancer incidence showed steady declines both before and during the pandemic,
with no clear rebound. Melanoma incidence among females increased pre-pandemic (1.5%
[95% CI: 0.5% to 2.4%] annually) but was disrupted by a sharp decline in 2020 (change:
—19.7% [95% CI: —26.7% to —12.8%]) and a smaller decline in 2021 (change: —8.4% [95%
CI: —16.9% to 0.1%]), before modest and not statistically significant rebounds in 2022 and
2023. Kidney cancer incidence in females declined sharply during the pandemic (change:
—18.1% [95% CI: —26.8% to —9.4%] in 2020 and —24.4% [95% CI: —31.2% to —17.6%] in
2021), without post-pandemic recovery.
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Figure 5. Annual changes in cancer incidence (A) and mortality (B) rates by main cancer types among
females in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the
expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.
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Female cancer mortality rates demonstrated stable or slightly declining trends pre-
pandemic, particularly for breast and cervical cancers, consistent with improved detection
and treatment. During the pandemic years, mortality trends remained largely stable, with
no significant excess mortality observed for most cancer types. However, despite the
absence of significant changes in the incidence or rebound for uterine cancer, its mortality
rate was substantially higher than expected during the entire pandemic and post-pandemic
period. The observed mortality increase was 11.8% (95% CI: 1.0% to 22.5%) in 2020, with
fluctuations continuing through 2023 and an overall excess mortality of approximately
24.2% (95% CI: 13.0% to 35.4%) over the pre-pandemic trend. Unexpectedly and in contrast
to men, melanoma mortality in women already increased significantly by 18.2% (95% CI:
3.9% to 35.2%) in 2020, with elevated mortality persisting through 2023 (overall increase:
23.0% [95% CI: 2.5% to 43.5%]). In 2023, a slight increase in breast cancer mortality (2.5%)
was also noted, although this did not reach statistical significance. Cervical cancer mortality
rates remained stable throughout the study period.

3.3. Age-Dependent Changes in the Pre-COVID, COVID and Post-COVID Periods for the Most
Common Cancer Types

3.3.1. Lung Cancer

The most pronounced declines in lung cancer incidence before the COVID-19 pan-
demic (2011-2019) were observed in the age groups of 4049 and 50-59 years in males, with
annual decreases of 9.5% (95% CI: —11.0% to —8.0%) and 7.0% (95% CI: —8.1% to —5.9%),
respectively (Figure 6a). Among females, the 40—49 age group also showed a significant
annual decline of 8.7% (95% CI: —10.8% to —6.5%), while incidence declined by 3.7% (95%
CI: —5.1% to —2.3%) in the 50-59 age group (Figure 6b). During the first two pandemic
years (2020-2021), lung cancer incidence dropped sharply, most notably in the 50-59 age
group among males, with decreases exceeding 11% compared to expected values based
on pre-pandemic trends. Similar patterns were seen in females, where the 50-59 cohort
experienced incidence reductions of 21.0% (95% CI: —28.6% to —13.4%) in 2020 and 23.3%
(95% CI: —31.9% to —14.2%) in 2021. Importantly, in the post-COVID period (2022-2023),
lung cancer incidence did not return to pre-pandemic expected levels in the 50-59 age
cohort. Incidence rates in these groups remained persistently lower than anticipated, with
deficits of up to 4.3% (95% CI: —19.8% to 11.3%) observed in 2022 and 1.3% (95% CI: —19.5%
to 17.0%) in 2023 among males. This sustained reduction was particularly evident even in
mortality trends in the 40-59 age cohorts, while older cohorts showed smaller declines or
slight rebounds.

3.3.2. Colorectal Cancer

Between 2011 and 2019, the incidence of colorectal cancer in Hungary declined steadily
in both sexes (males: —1.3%/year [95% CI: —1.9% to —0.6%]; females: —1.7%/year [95% CI:
—2.3% to —1.1%]) (Figures 7a,b and S2). The most pronounced declines occurred in those
aged 80+ years (males: —2.7%/year [95% CI: —3.3% to —2.1%]; females: —3.0%/year
[95% CI: —3.4% to —2.7%]). Moderate annual decreases were seen in the 50-59 years
(—2.3% [95% CI. —3.7% to —1.0%] in males; —2.0% [95% CI: —2.7% to 1.2%] in females) and
60-69 years (—1.5% [95% CI: —2.7% to —0.3%] in females) age cohorts. A non-significant
increase was observed only in the 30-39 age group in both sexes (1.4% [95% CI:—1.8% to
4.7%)] in males; 2.4% [95% CI: —0.4% to 5.1%] in females).
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Figure 6. Annual changes in age-specific lung cancer (C33-34) incidence and mortality rates among
males (a) and females (b) in Hungary during the pre-COVID period (2011-2019), and percentage
deviations from the expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods.
Expected values were projected based on linear trends from the pre-pandemic years.

During the COVID-19 pandemic (2020-2021), colorectal cancer incidence dropped
significantly compared to expected trends (males: —10.9% [95% CI: —17.4% to —4.4%]
in 2020 and —7.4% [95% CI: —12.5% to —2.3%] in 2021; females: —9.2% [95% CI: —17.2%
to —1.1%] and —5.7% [95% CI: —12.6% to 1.3%], respectively). Although modest in-
creases were observed in 2022 and 2023, values remained below pre-pandemic levels
(Supplementary Figure S2). In 2020, incidence dropped sharply in older age groups: 13.4%
(95% CI: —=16.5% to —10.3%) and 19.5% (95% CI: —21.7% to —17.2%) lower vs. expected in
males aged 70-79 and 80+ years, respectively, and 12.7% (95% CI: —16.0% to —9.5%) and
21.0% (95% CI: —23.8% to —18.1%) lower than expected in females, respectively. While
some rebound occurred by 2023, mainly in the 70-79 and 80+ years cohorts, recovery was
partial and inconsistent. Age-specific mortality trends showed steady long-term declines in
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middle-aged and older groups, with the steepest reductions observed among males aged
50-59 years (—2.3%/year [95% CI: —3.5% to —1.0%]) and 80+ years (—1.5%/year [95% CI:
—2.1% to —0.9%]), and in females aged 80+ years (—1.7% [95%: —2.5% to —0.9%]) and
60-69 years (—1.0% [95% CIL: —2.6% to 0.5%]). In 2023, male colorectal cancer mortality
increased significantly in non-screened age groups: by 15.8% (95% CI: 5.4% to 26.2%) in
the 4049 and by 6.8% (95% CI: 1.9% to 11.7%) in the 70-79 cohort. In contrast, no excess
mortality was seen in the screened 50-69 age groups, where mortality was even lower
(albeit, not in a statistically significant manner) than expected: 10.0% (95% CI: —20.8% to
0.8%) lower in the age group of 50-59 years and 5.8% (95% CI: —13.0% to 1.3%) lower in
those aged 60-69 years.
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Figure 7. Annual changes in age-specific colorectal cancer (C18-21) incidence and mortality rates
among males (a) and females (b) in Hungary during the pre-COVID period (2011-2019), and per-
centage deviations from the expected trends in the COVID (2020-2021) and post-COVID (2022-2023)
periods. Expected values were projected based on linear trends from the pre-pandemic years.
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3.3.3. Breast Cancer

The age-standardized incidence of female breast cancer in Hungary declined modestly
between 2011 and 2019 (AAPC: —0.7% [95% CI: —1.4% to —0.1%]), dropped sharply in 2020
(—13.0% [95% CI: —19.% to —7.0%]), and showed a strong rebound in 2022 and 2023, with
increases of 5.2% (95% CI: —2.0% to 12.4%) and 11.7% (95% CI: 3.4% to 20.0%), respectively,
reaching the highest rates of 148.0 per 100,000 PYs during the study period (Supplementary
Figure S3). In contrast, age-standardized mortality declined slightly pre-pandemic (AAPC:
—0.5% [95% CI: —1.1% to 0.1%]) and showed no significant deviation from trends during
2020-2023. Prior to the COVID-19 pandemic, breast cancer incidence increased significantly
by 3.5% (95% CI: 2.0% to 5.0%) per year among women aged 30-39 years (Figure 8) (from
43.1 to 51.3/100,000 PYs; Supplementary Figure S4) and by 0.9% (95% CI: 0.0% to 1.8%)
per year in women aged 40-49 years. In contrast, incidence declined by 1.1% (95% CI:
—1.9% to —0.4%) annually in the 50-59 age group, by 2.0% (95% CIL: —2.8% to —1.2%) in
the 60-69 age group and by 2.0% (95% CI: —2.7% to —1.1%) in the >80 age group and
remained stable in women aged 70-79 years (0.1%/year [95% CI: —0.4% to 0.7%]).
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Figure 8. Annual changes in age-specific breast cancer (C50) incidence and mortality rates among
females in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the
expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.

The COVID-19 pandemic led to major shifts in breast cancer incidence across all age
groups, with varying recovery patterns. In women aged 30-39 years, incidence dropped
sharply by 19.2% (95% CI: —29.6% to —8.8%) in 2020 and remained 20.7% (95% CI: —35.5%
to —5.9%) below expectations by 2023. In contrast, the 4049 age group showed only a minor
decline in 2020 (—1.2% [95% CI: —5.3% to 3.1%]), followed by a strong rebound peaking
in 2023 at 177.7 per 100,000 PYs—the highest during the study period (Supplementary
Figure 54). Other age groups (50-79 years) experienced steep declines in 2020 (—13.3%
[95% CI: —17.0% to —9.6%] to —17.2% [95% CI: —19.2% to —15.2%]), with partial rebounds
by 2023, while the 80+ cohort saw a full recovery and 27.2% (95% CI: 22.7% to 31.6%) excess
incidence by 2023. Despite these fluctuations, breast cancer mortality remained stable
across all age groups, with no significant pandemic-related deviations.

3.3.4. Melanoma

Between 2011 and 2019, melanoma incidence plateaued following previous increases,
while mortality declined steadily (Supplementary Figure S5). However, the COVID-19
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Change versus expected trend based on 2011-19 incidence rates

pandemic disrupted these trends: incidence dropped sharply in 2020-2021 but rebounded
by 2023, whereas mortality, especially among women, increased significantly and remained
higher than before (Figure 9a,b). During the COVID-19 period (2020-2021), melanoma
incidence declined across all male age groups, with the largest decrease observed in the
oldest cohort (—30.1% [95% CI: —39.5% to —20.85%] in men aged 80+ years), followed
by a significant rebound in 2022-2023, particularly among men aged 50-69 years, where
incidence showed the greatest excess over expectations. In women, incidence showed a
declining trend pre-COVID but dropped by about 20% in nearly all age groups in 2020, and
then increased significantly above expected levels in the 50-69 age group during 2022-2023.
Mortality in this middle-aged female cohort also increased significantly above expected
values during the COVID and post-COVID periods.
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Figure 9. Annual changes in age-specific melanoma incidence and mortality rates among males (a) and
females (b) in Hungary during the pre-COVID period (2011-2019), and percentage deviations from
the expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.
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3.3.5. Prostate Cancer

During the pre-COVID period (2011-2019), prostate cancer incidence showed a sig-
nificant annual decrease of 1.2% (95% CI: —2.2% to —0.2%), with the most pronounced
decline observed in the >80 age group (—4.7% [95% CI: —5.6% to —3.7%]), while mortality
remained stable across all age cohorts (Figures 10 and S6). In 2020 and 2021, incidence
dropped significantly in all age groups: by 26.0% (95% CI: —30.6% to —21.4%) and 14.2%
(95% CI: —20.6% to —7.8%) in the 70-79 and >80 group, respectively, with moderate de-
clines in younger age cohorts. Mortality during the COVID years showed non-significant
changes in most age groups, except for a notable 80.6% (95% CI: —122.1% to —39.2%)
decrease in the 40—49 group in 2020. In 2023, a strong rebound in incidence was observed:
17.7% (95% CI: 9.2% to 26.1%) in the 60-69 group, 8.8% (95% CI: 1.1% to 16.4%) in the
70-79 group, and 47.6% (95% CI: 38.5% to 56.6%) in the >80 group. Mortality remained
largely unchanged except in the 60-69 group, where a 23.7% (95% CI: 9.1% to 38.3%)
increase was detected in 2023.
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Figure 10. Annual changes in age-specific prostate cancer incidence and mortality rates among
males in Hungary during the pre-COVID period (2011-2019), and percentage deviations from the
expected trends in the COVID (2020-2021) and post-COVID (2022-2023) periods. Expected values
were projected based on linear trends from the pre-pandemic years.

3.3.6. Further Main Cancer Types Including Bladder and Pancreatic Cancer

Bladder cancer incidence in Hungary showed a significant declining trend among men
between 2011 and 2019, particularly in the 50-69 age group, while female rates remained
largely stable. The COVID-19 pandemic led to a sharp but temporary drop in incidence in
both sexes, most prominently in younger males, suggesting pandemic-related diagnostic
delays. Mortality remained stable throughout, indicating that short-term disruptions did
not translate into worse outcomes. Pancreatic cancer incidence and mortality showed no
meaningful long-term trend or COVID-related disruption between 2011 and 2023, with
consistently high lethality and closely aligned incidence and mortality rates in both sexes.
Detailed age-specific analyses and visualizations of main cancer types are presented in the
Supplementary Document and Figures.

4. Discussion

We observed a persistent decline in Hungarian cancer incidence through both 2020
and 2021, with limited recovery in 2022, and a rebound in 2023. Besides the striking trend
changes, the decline in cancer incidence observed in Hungary in 2020 appears particularly
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pronounced, as compared to international trends. According to recent population-based
studies, the cumulative decrease in newly diagnosed malignant cases during 2020 varied
across Europe, with declines reported in Sweden and Finland, while no significant reduction
was observed in Denmark, Norway, or the Faroe Islands [11]. Iceland even reported a slight
excess in incident cases (4.2%). In the United States, SEER-22 data showed a significant
decline in overall cancer incidence in 2020, followed by a smaller decrease in 2021 [3].
Similar reductions were reported in Germany and England [12]. A cohort study from the
Greater Poland region also found a substantial decrease in new cancer diagnoses during
the first pandemic year [13]. Indirect evidence from other neighboring Central European
countries also suggests a decline in cancer diagnoses during the pandemic period; however,
no comprehensive, systematic studies are available [14,15]. Overall, these findings indicate
that the pandemic affected cancer diagnosis patterns across multiple countries, although
the magnitude and duration of the decline varied considerably.

While the observed decline in overall cancer incidence in Hungary during 2020 ap-
pears pronounced, drawing direct international comparisons remains challenging due to
substantial heterogeneity in analytical approaches. Studies vary in the calendar periods
analyzed (e.g., March-December 2020 versus the full year), the reference years used for
comparison (2019 versus the 2017-2019 averages), and whether they report raw counts or
age-standardized rates. Nevertheless, available data suggest that although the magnitude
of the decline observed in Hungary is among the higher reductions reported across Europe
(12.8% and 11.8% in 2020 for males and females), they are not exceptionally high. For exam-
ple, Germany and Sweden reported comparable decreases (7.1% and 6.2%, respectively),
while Poland experienced even greater drops (20% in men and 17% in women).

The Hungarian trends can also be considered in the broader context of global patterns.
According to a meta-analysis by Angelini and Teglia et al., the average decline in new
cancer diagnoses across Europe in early 2020 was approximately 25.4%, indicating that the
Hungarian figures fall within the range of observed international variation [16]. However,
unlike in some Western countries such as the United States and England where incidence
rebounded or normalized by 2021, Hungary continued to show a deficit in new cancer
diagnoses well into 2022, and incidence rates remained consistently below pre-pandemic
levels through 2022. A rebound was observed in 2023, mainly in cancer types with high
survival rates and strong dependence on screening (e.g., melanoma, breast cancer, and
prostate cancer).

This pattern is also consistent with broader evidence syntheses on screening disruption
and diagnostic delays. Angelin and Teglia et al. reported the smallest reduction for breast
cancer and larger declines for gastrointestinal, skin, and genitourinary cancers, consistent
with greater disruption of screening-dependent, high-survival tumors [16]. Similar patterns
were observed in Belgium and England, where marked declines in melanoma, breast, and
prostate cancer diagnoses were reported, and some cases remained undiagnosed after the
first pandemic waves [17,18]. In contrast, more aggressive or symptomatic cancers such as
pancreatic, esophageal, lung, and laryngeal cancers showed smaller relative declines [9,19].
Several countries have also reported incomplete rebounds in incidence for certain cancer
types, raising concern that some cases remained undiagnosed [4,20]. It is also worth
mentioning that some published studies raise the possibility of oncogenic potential of the
SARS-CoV-2 virus itself [21-23].

Differences in melanoma growth kinetics by histological subtype contribute to the
observed sex-specific and delayed mortality patterns. Superficial spreading melanoma
(SSM), which accounts for approximately two-thirds of melanoma cases and is more
frequent in women, typically shows slower growth rates, making short-term diagnostic
delays less critical for survival. In contrast, nodular melanoma (NM), which contributes
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disproportionately to melanoma-related deaths, is characterized by rapid vertical growth,
so diagnostic delays may have more serious consequences [24,25].

These findings highlight the complex interaction between cancer biology, healthcare
systems, and patient behavior during and after the pandemic, and underscore the need for
standardized, pan-European analyses using uniform frameworks to enable reliable cross-
country comparisons and inform future disruption responses. While the general pattern of
reduced incidence and partial recovery has been reported internationally, our study adds
nationwide Hungarian evidence with long pre-pandemic follow-up and detailed tumor-
and sex-specific analyses.

4.1. Age-Dependent Impact of the COVID-19 Pandemic on Cancer Incidence and Mortality

Our study reveals a clear age-dependent impact of the COVID-19 pandemic on can-
cer diagnosis and mortality in Hungary, with older adults, especially men aged 80 years
and older, experiencing the largest declines in cancer incidence during 2020, mirroring
international findings. In a UK study by Maringe et al. (2020), the reduction in cancer
diagnoses during the early pandemic was more profound among older adults, reflecting
both higher vulnerability to COVID-19 infection and greater disruption of routine health-
care access in this population [26]. Similarly, Dutch cancer registry data demonstrated
that cancer incidence dropped most sharply among patients aged 70 and older, with some
age groups experiencing up to a 25% decrease in diagnoses during 2020 compared to
pre-pandemic levels [27]. The reductions may have reflected deferred screening, reduced
healthcare access, and patient reluctance to seek care due to infection fears, particularly
among the elderly [28-30]. By 2023, a notable rebound in cancer diagnoses was found
in our study, primarily in age groups and cancer types associated with screening (e.g.,
prostate, melanoma, breast cancer), consistent with patterns observed internationally. A
Swedish cohort study reported sharp declines in melanoma and prostate cancer diagnoses
in 2020, most likely reflecting delayed detection due to interrupted screening and routine
care. Similarly, a systematic review showed substantial diagnostic catch-up for breast
cancer after pandemic-related service suspensions [31-33].

In our study, mortality remained stable or slightly decreased in most groups during
the pandemic, although increases were seen in males aged 70-79 and females aged 4049
in 2023. These findings are consistent with concerns that delayed diagnoses may translate
into later-stage disease and excess mortality in subsequent years [34]. Similar concerns
have been reported from the United States and the United Kingdom, where pandemic-
related diagnostic delays were projected to affect future cancer outcomes [26]. Overall,
the Hungarian patterns suggest that the impact of the pandemic on cancer care was
heterogeneous and depended on age, cancer type, and healthcare system resilience. Because
cancer mortality often lags diagnosis by several years, particularly in tumors with improved
survival, the absence of a detectable mortality deviation by 2023 should be interpreted
cautiously. Therefore, any impact of COVID on the mortality data of later years is yet to be
seen [35].

4.2. Strengths and Limitations

The strengths of our study include a large nationwide cancer patient cohort from the
Hungarian National Health Insurance Fund (NHIF) ensuring robust statistical power and
reliability, thorough data cleaning and validation, an extended 9-year pre-pandemic follow-
up for detailed trend analysis, and comprehensive outcome assessment from integrating
NHIF and Central Statistical Office (CSO) mortality data. Methodological steps to exclude
misclassified cases, by cross-referencing cancer-related ICD codes with cancer-specific inter-
ventions and mortality, further strengthen validity. However, incidence rates are generally
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lower than those reported by the Hungarian National Cancer Registry, primarily due to
differences in reporting, data processing and case definitions including stricter inclusion
criteria, lack of post-mortem diagnoses in the NHIF, and limited clinical detail on tumor
subtype and staging. In addition, major healthcare system reforms implemented in the
post-pandemic period may have altered diagnostic pathways and healthcare utilization
patterns. Since these structural changes could not be disaggregated from COVID-19-related
effects within the available aggregated administrative data, residual confounding from
non-pandemic system-level factors cannot be excluded [36,37]. For analytical purposes,
we defined 2011-2019 as the pre-pandemic period, 2020-2021 as the COVID period and
2022-2023 as the post-COVID period, acknowledging that healthcare recovery was gradual
and that this calendar-based definition may not fully capture the pace of recovery across
different cancer diagnostic pathways. Accordingly, the post-COVID period should be inter-
preted as an operational analytical category rather than evidence of complete normalization
of healthcare utilization or diagnostic activity.

Another main limitation of the present analysis is the short post-pandemic follow-up,
limited to 2022-2023. This timeframe may be insufficient to capture delayed effects on
cancer mortality and long-term recovery in incidence, particularly for tumors with long
survival times or strong stage-dependent prognosis. Longer follow-up will be needed to
determine whether the observed incidence deficits were fully compensated and whether
any mortality impact becomes detectable in subsequent years. In addition, because this
is an ecological analysis based on administrative incidence data, the observed changes
may also reflect shifts in healthcare-seeking behavior, diagnostic intensity, surveillance
practices, or coding variability rather than true epidemiological changes alone. Although
the long pre-pandemic period allowed us to estimate secular trends, residual confounding
by contemporaneous healthcare system changes unrelated to COVID-19 cannot be excluded.
Therefore, the present analysis cannot disentangle changes in case detection and healthcare
utilization from underlying incidence dynamics. Despite these limitations, the robust
dataset and methodology provide important insights into Hungarian cancer epidemiology
before and during the COVID-19 pandemic.

5. Conclusions

Recent analyses from the Hungarian HUN-CANCER EPI study series show a pro-
longed and more pronounced decline in cancer incidence during the COVID-19 pandemic
compared to most international trends. While several Western countries experienced a
rebound in new diagnoses by 2021, Hungary’s cancer incidence remained significantly
below pre-pandemic levels through 2022, with only a partial recovery seen in 2023. This
delayed rebound was primarily observed in screening-dependent, high-survival cancers.
In contrast, for rapidly progressing or symptomatic cancers, such as lung or pancreatic
cancer, incidence deficits were not recovered by 2023.

These findings emphasize the need for standardized, long-term surveillance strategies
to fully understand and mitigate the pandemic’s lasting impact on cancer care and outcomes
and support a conceptual framework for interpreting the effect of the pandemic on cancer
detection. Our results regarding the timing and magnitude of cancer incidence declines
and rebounds in Hungary provide valuable insights into the resilience and limitations of
oncology care systems during crises. Understanding tumor-specific and demographic nu-
ances will inform future health policies, including screening strategy adaptation, diagnostic
pathway restoration, and targeted resource allocation.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers18132027/s1, Figure S1: Trends in age-standardized lung
cancer incidence (C34) in Hungary by sex, 2011-2023, including average annual change and deviations
during COVID and post-COVID periods (ESP 2013). ESP, European Standard Population.; Figure S2:
Age-standardized incidence and mortality rates of colorectal cancer (C18-21) by sex in Hungary
between 2011 and 2023 (ESP 2013), with percentage changes shown relative to the expected trend
based on the pre-COVID period (2011-2019) and specifically change in 2019 versus 2011-2018 period
at incidence (green). The figure also highlights changes in incidence during the COVID period
(2020-2021) and in the post-COVID years (2022-2023), alongside diverging mortality trends (*relates
to significant changes). ESP, European Standard Population.; Figure S3: Age-standardized incidence
and mortality rates of breast cancer (C50) in Hungary between 2011 and 2023 (ESP 2013), with
percentage changes shown relative to the expected trend based on the pre-COVID period (2011-2019).
The figure highlights changes in incidence during the COVID period (2020-2021) and in the post-
COVID years (2022-2023), alongside diverging mortality trends (*relates to significant changes).
ESP, European Standard Population.; Figure S4: Age-specific cancer incidence rates among females
with breast cancer (C50) by different age groups during the pre-COVID (2011-2019), in the COVID
(2020-2021) and post-COVID (2022-2023) periods.; Figure S5: Age-standardized incidence and
mortality rates of melanoma (C43) in Hungary between 2011 and 2023 (ESP 2013), with percentage
changes shown relative to the expected trend based on the pre-COVID period (2011-2019). The figure
highlights significant declines in incidence during the COVID period (2020-2021) and a rebound
in the post-COVID years (2022-2023), alongside diverging mortality trends by sex. ESP, European
Standard Population.; Figure S6: Age-standardized incidence and mortality rates of prostate cancer
(C61) in Hungary between 2011 and 2023 (ESP 2013), with percentage changes shown relative to
the expected trend based on the pre-COVID period (2011-2019). The figure highlights significant
declines in incidence during the COVID period (2020-2021) and a rebound in the post-COVID years
(2022-2023), alongside diverging mortality trends. ESP, European Standard Population.; Table S1:
Comparison of model estimates: 10-year versus single-year age groupings. Outputs from a Poisson
regression model using 10-year age bins were compared against those from an equivalent model
fitted on a more granular dataset with single-year age groups. Color-coded columns indicate the
relative difference between the two sets of estimates, highlighting strata where the models yielded
discordant results.; Table S2: Incidence counts (A) and mortality counts (B) by age, sex, and year of
diagnosis; Table S3: Age-specific incidence (A) and mortality (B) rates by sex and year of diagnosis;
Table S4: Age-standardized incidence (A) and mortality (B) rates per 100,000 persons based on ESP 1976;
Table S5: Age standardized incidence (A) and mortality (B) rates per 100,000 persons based on ESP 2013.

Author Contributions: Conceptualization, Z.K.,, T.G.S., AM., Z.H., PN., O.S,, LK. (Istvan Kenessey),
LW, AW, G.AM., M.D. (Miklés Darida), M.D. (Magdolna Dank), LK. (Istvan Koveskdti), R.B.T.,
K.B. (Krisztina Bogos), J M., G.G., L.T.,, VM., ZK., Z.P-S,, E.B., RP.G,, K.B. (Katalin Boér), PH., ] K.,
SM., AN, ZN,, G.R, M.D. (Mikl6s Darida) and Z.V.; methodology, Z.K., T.G.S., Z.A.-T. and VK.;
validation, K.B. (Krisztina Bogos), K.B. (Katalin Boér), ].M., VM., M.D. (Magdolna Dank) and Z.V,;
formal analysis, Z.A.-T. and V.K.; writing—original draft preparation, Z.K.; writing—review and
editing, AM., Z.B., ZH., PN,, O.S,, LK. (Istvan Kéveskati), AW., LW, G.AM., LK. (Istvdn Kenessey),
R.B.T., K.B. (Katalin Boér), ] M., G.G,, L.T.,, VM., ZTK,, Z.P-S., EB., RP.G., K.B. (Krisztina Bogos),
PH,, JK, SM.,, AN, ZN., G.R,, M.D. (Miklés Darida), M.D. (Magdolna Dank), and Z.V.; data
curation: G.R. (Gyorgy Rokszin), Z.A.-T. and V.K,, visualization, ZK., T.G.S., N.N. and M.D. (Mikl6s
Darida), M.D. (Magdolna Dank); supervision, Z.K., M.D. (Mikl6s Darida), M.D. (Magdolna Dank).
and Z.V.; project administration, N.N.; funding acquisition, Z.K. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was financially supported by MSD Pharma Hungary, which directly covered
the research costs as well as the full publication charges. No grant number applies to this support.
The funder had the following involvement with the study: study design, data collection and analysis,
decision to publish, and preparation of the manuscript. The work of C.P,, PN., LK.(Istvan Kenessey).,
and A.W. was implemented with the support from the National Research, Development and Inno-

https:/ /doi.org/10.3390/ cancers18132027


https://www.mdpi.com/article/10.3390/cancers18132027/s1
https://www.mdpi.com/article/10.3390/cancers18132027/s1
https://doi.org/10.3390/cancers18132027

Cancers 2026, 18, 2027

20 of 22

References

vation Fund of the Ministry of Culture and Innovation under the National Laboratories Program
(National Tumor Biology Laboratory [2022-2.1.1-NL-2022-00010]) and the Hungarian Thematic Ex-
cellence Program (under project TKP2021-EGA-44) Grant Agreements with the National Research,
Development and Innovation Office.

Institutional Review Board Statement: This study was approved by the Hungarian National Ethical
Committee (IV/298-2/2022/EKU). Ethic Committee Name: Medical Research Council, Committee on
Scientific and Research Ethics. Approval Code: IV/298-2/2022 /EKU. Approval Date: 30 November 2021.

Informed Consent Statement: Informed consent was not required for this study, as all data were fully
anonymized and presented in aggregated form that precluded the identification of individual participants.

Data Availability Statement: Data sharing is available in Supplementary tables and figures, and the
authors are happy to share all available data from the study.

Acknowledgments: We would like to thank Zsoéfia Barcza for medical writing support. We also
express our gratitude for the Central Statistical Office of Hungary for providing detailed mortality
data for our calculations.

Conflicts of Interest: Authors ZK., Z.P, M.V,, AB., T.G.S., V.B. and K.K. were employed by the
company MSD Pharma Hungary. Z.V. is an employee of Semmelweis University. Semmelweis
University received a grant from MSD Pharma Hungary to contribute to this research. G.R. and L.E.
are employees of RxTarget Ltd. and Z.B. is employed by Syntesia Ltd. where their contribution to this
project was financially compensated. The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed as a potential
conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AAPC Average Annual Percent Change

CI Confidence Interval

COVID-19 Coronavirus Disease 2019

CSO Central Statistical Office

EKU Egészségiigyi Tudomanyos Tandcs (Hungarian National Ethical
Committee, referenced as IV /298-2/2022 /EKU)

ESP European Standard Population

HCSO Hungarian Central Statistical Office

HUN-CANCER EPI

Hungarian Cancer Epidemiology
International Statistical Classification of Diseases and Related

1CD-10 Health Problems, 10th Revision

NHIF National Health Insurance Fund

NHS National Health Service

NM Nodular Melanoma

PYs Linear dichroism

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2
SEER Surveillance, Epidemiology, and End Results

SSM Superficial Spreading Melanoma

1. Tan, Y.Y.; Chang, W.H.; Katsoulis, M.; Denaxas, S.; King, K.C.; Cox, M.P; Davie, C.; Balloux, E; Lai, A.G. Impact of the COVID-19
pandemic on health-care use among patients with cancer in England, UK: A comprehensive phase-by-phase time-series analysis
across attendance types for 38 cancers. Lancet Digit. Health 2024, 6, ¢691—-704. [CrossRef] [PubMed]

2. Patt, D,; Gordan, L.; Diaz, M.; Okon, T.; Grady, L.; Harmison, M.; Markward, N.; Sullivan, M.; Peng, J.; Zhou, A. Impact of
COVID-19 on Cancer Care: How the Pandemic Is Delaying Cancer Diagnosis and Treatment for American Seniors. JCO Clin.
Cancer Inform. 2020, 4, 1059-1071. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ cancers18132027


https://doi.org/10.1016/S2589-7500(24)00152-3
https://www.ncbi.nlm.nih.gov/pubmed/39332853
https://doi.org/10.1200/cci.20.00134
https://www.ncbi.nlm.nih.gov/pubmed/33253013
https://doi.org/10.3390/cancers18132027

Cancers 2026, 18, 2027 21 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Burus, T,; Lei, F; Huang, B.; Christian, W.J.; Hull, P.C.; Ellis, A.R.; Slavova, S.; Tucker, T.C.; Lang Kuhs, K.A. COVID-19 and Rates
of Cancer Diagnosis in the US. JAMA Netw. Open 2024, 7, €2432288. [CrossRef] [PubMed]

Kim, U.; Rose, J.; Carroll, B.T.; Hoehn, R.S.; Chen, E.; Bordeaux, J.S.; Koroukian, S.M. Recovery From COVID-19-Related
Disruptions in Cancer Detection. JAMA Netw. Open 2024, 7, €2439263. [CrossRef] [PubMed]

Elek, P; Csanddi, M.; Fadgyas-Freyler, P.; Gervai, N.; Oross-Bécsi, R.; Szécsényi-Nagy, B.; Tatdr, M.; Vdaradi, B.; Zemplényi, A.
Heterogeneous impact of the COVID-19 pandemic on lung, colorectal and breast cancer incidence in Hungary: Results from time
series and panel data models. BM] Open. 2022, 12, e061941. [CrossRef] [PubMed]

Elek, P.; Fadgyas-Freyler, P.; Véradi, B.; Mayer, B.; Zemplényi, A.; Csanadi, M. Effects of lower screening activity during the
COVID-19 pandemic on breast cancer patient pathways: Evidence from the age cut-off of organized screening. Health Policy 2022,
126, 763-769. [CrossRef] [PubMed]

Hungarian Central Statistical Office (HCSO). Causes of Death by Sex and Age (ICD-10), Hungary. Available online:
https:/ /www.ksh.hu (accessed on 31 March 2026).

Ferlay, J.; Steliarova-Foucher, E.; Lortet-Tieulent, J.; Rosso, S.; Coebergh, J.W.; Comber, H.; Forman, D.; Bray, F. Cancer incidence
and mortality patterns in Europe: Estimates for 40 countries in 2012. Eur. J. Cancer 2013, 49, 1374-1403. [CrossRef] [PubMed]
Ferlay, J.; Colombet, M.; Soerjomataram, I.; Dyba, T.; Randi, G.; Bettio, M.; Gavin, A.; Visser, O.; Bray, F. Cancer incidence and
mortality patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018. Eur. ]. Cancer 2018, 103, 356-387. [CrossRef]
[PubMed]

Revision of the European Standard Population—Report of Eurostat’s Task Force—2013 Edition—Products Manu-
als and Guidelines—Eurostat. Publications Office of the European Union: Luxembourg, 2013. Available online:
https:/ /ec.europa.eu/eurostat/web/products-manuals-and-guidelines /- /ks-ra-13-028 (accessed on 31 March 2026).
Johansson, A.L.V.; Larenningen, S.; Skovlund, C.W.; Kristiansen, M.E.; Morch, L.S.; Friis, S.; Johannesen, T.B.; Myklebust, TA,;
Skog, A.; Pettersson, D.; et al. The impact of the COVID-19 pandemic on cancer diagnosis based on pathology notifications: A
comparison across the Nordic countries during 2020. Int. J. Cancer 2022, 151, 381-395. [CrossRef] [PubMed]

Jacob, L.; Kalder, M.; Kostev, K. Decrease in the number of patients diagnosed with cancer during the COVID-19 pandemic in
Germany. J. Cancer Res. Clin. Oncol. 2022, 148, 3117-3123. [CrossRef] [PubMed]

Trojanowski, M.; Radomyski, P.; Kycler, W.; Michalek, .M. Decrease in the number of new cancer diagnoses during the first
year of the COVID-19 pandemic—Cohort study of 3.5 million individuals in western Poland. Front. Oncol. 2023, 13, 1230289.
[CrossRef] [PubMed]

Kelemenic-Drazin, R.; Budisavljevic, A.; Plavetic, N.D.; Fucak, I.K,; Silovski, T.; Dobric, V.T.; Nalbani, M.; Curic, Z.; Boric-Mikez,
Z.; Ladenhauser, T.; et al. Impact of the coronavirus disease pandemic on cancer care in Croatia: A multicentre cross-sectional
study. Ecancermedicalscience 2021, 15, 1263. [CrossRef] [PubMed]

Apostu, A.P; Vesa, $.C,; Fritila, S.; Iancu, G.; Bejinariu, N.; Muntean, M.; Senila, S.C.; Baba, O.A.; Secasan, C.P.; Ungureanu, L.
The effects of the COVID-19 pandemic on the diagnosis and prognosis of melanoma 2 years after the pandemic in two Romanian
counties. Front. Med. 2024, 11, 1328488. [CrossRef] [PubMed]

Angelini, M.; Teglia, F.; Astolfi, L.; Casolari, G.; Boffetta, P. Decrease of cancer diagnosis during COVID-19 pandemic: A systematic
review and meta-analysis. Eur. |. Epidemiol. 2023, 38, 31-38. [CrossRef] [PubMed] [PubMed Central]

Peacock, H.M.; Tambuyzer, T.; Verdoodt, F.; Calay, F.; Poirel, H.A.; De Schutter, H.; Francart, J.; Van Damme, N.; Van Eycken, L.
Decline and incomplete recovery in cancer diagnoses during the COVID-19 pandemic in Belgium: A year-long, population-level
analysis. ESMO Open 2021, 6, 100197. [CrossRef] [PubMed]

Lemanska, A.; Andrews, C.; Fisher, L.; Bacon, S.; Mehrkar, A ; Inglesby, P.; Davy, S.; Goldacre, B.; MacKenna, B.; OpenSAFELY
Collaborative; et al. During the COVID-19 pandemic 20 000 prostate cancer diagnoses were missed in England. BJU Int. 2024, 133,
587-595. [CrossRef] [PubMed]

Kajiwara Saito, M.; Morishima, T.; Ma, C.; Koyama, S.; Miyashiro, I. Diagnosis and treatment of digestive cancers during
COVID-19 in Japan: A Cancer Registry-based Study on the Impact of COVID-19 on Cancer Care in Osaka (CanReCO). PLoS ONE
2022, 17, €0274918. [CrossRef] [PubMed]

Fialka, N.M.; El-Andari, R.; Jogiat, U.; Bédard, E.L.R.; Laing, B.; Nagendran, J. Impact of the COVID-19 pandemic on esophageal
cancer resource allocation: A systematic review. J. Thorac. Dis. 2024, 16, 1576-1589. [CrossRef] [PubMed]

Wang, H.-Y,; Lin, Y.-C.; Hou, J.-U.; Chao, C.-H.; Tsai, S.-C. Association between COVID-19 infection and thyroid cancer
development: A retrospective cohort study using the TriNetX database. Biomedicines 2025, 13, 1933. [CrossRef] [PubMed]
Jaiswal, A.; Shrivastav, S.; Kushwaha, H.R.; Chaturvedi, R.; Singh, R.P. Oncogenic potential of SARS-CoV-2—Targeting hallmarks
of cancer pathways. Cell Commun. Signal. 2024, 22, 447. [CrossRef] [PubMed]

Rudroff, T. Convergent mechanisms in virus-induced cancers: A perspective on classical viruses, SARS-CoV-2, and Al-driven
solutions. Infect. Dis. Rep. 2025, 17, 33. [CrossRef] [PubMed]

Liu, W.; Dowling, J.P.; Murray, W.K.; McArthur, G.A.; Thompson, J.F.; Wolfe, R.; Kelly, ].W. Rate of growth in melanomas:
Characteristics and associations of rapidly growing melanomas. Arch. Dermatol. 2006, 142, 1551-1558. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ cancers18132027


https://doi.org/10.1001/jamanetworkopen.2024.32288
https://www.ncbi.nlm.nih.gov/pubmed/39240562
https://doi.org/10.1001/jamanetworkopen.2024.39263
https://www.ncbi.nlm.nih.gov/pubmed/39401037
https://doi.org/10.1136/bmjopen-2022-061941
https://www.ncbi.nlm.nih.gov/pubmed/35981776
https://doi.org/10.1016/j.healthpol.2022.05.013
https://www.ncbi.nlm.nih.gov/pubmed/35690504
https://www.ksh.hu
https://doi.org/10.1016/j.ejca.2012.12.027
https://www.ncbi.nlm.nih.gov/pubmed/23485231
https://doi.org/10.1016/j.ejca.2018.07.005
https://www.ncbi.nlm.nih.gov/pubmed/30100160
https://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/ks-ra-13-028
https://doi.org/10.1002/ijc.34029
https://www.ncbi.nlm.nih.gov/pubmed/35419824
https://doi.org/10.1007/s00432-022-03922-5
https://www.ncbi.nlm.nih.gov/pubmed/35041059
https://doi.org/10.3389/fonc.2023.1230289
https://www.ncbi.nlm.nih.gov/pubmed/38179170
https://doi.org/10.3332/ecancer.2021.1263
https://www.ncbi.nlm.nih.gov/pubmed/34567248
https://doi.org/10.3389/fmed.2024.1328488
https://www.ncbi.nlm.nih.gov/pubmed/38323030
https://doi.org/10.1007/s10654-022-00946-6
https://www.ncbi.nlm.nih.gov/pubmed/36593334
https://pmc.ncbi.nlm.nih.gov/articles/PMC9807424
https://doi.org/10.1016/j.esmoop.2021.100197
https://www.ncbi.nlm.nih.gov/pubmed/34474811
https://doi.org/10.1111/bju.16305
https://www.ncbi.nlm.nih.gov/pubmed/38414224
https://doi.org/10.1371/journal.pone.0274918
https://www.ncbi.nlm.nih.gov/pubmed/36126088
https://doi.org/10.21037/jtd-23-1232
https://www.ncbi.nlm.nih.gov/pubmed/38505032
https://doi.org/10.3390/biomedicines13081933
https://www.ncbi.nlm.nih.gov/pubmed/41463095
https://doi.org/10.1186/s12964-024-01818-0
https://www.ncbi.nlm.nih.gov/pubmed/39327555
https://doi.org/10.3390/idr17020033
https://www.ncbi.nlm.nih.gov/pubmed/40277961
https://doi.org/10.1001/archderm.142.12.1551
https://www.ncbi.nlm.nih.gov/pubmed/17178980
https://doi.org/10.3390/cancers18132027

Cancers 2026, 18, 2027 22 of 22

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

Shaikh, W.R.; Xiong, M.; Weinstock, M.A. The contribution of nodular subtype to melanoma mortality in the United States, 1978
to 2007. Arch. Dermatol. 2012, 148, 30-36. [CrossRef] [PubMed]

Maringe, C.; Spicer, ].; Morris, M.; Purushotham, A.; Nolte, E.; Sullivan, R.; Rachet, B.; Aggarwal, A. The impact of the COVID-19
pandemic on cancer deaths due to delays in diagnosis in England, UK: A national, population-based, modelling study. Lancet
Oncol. 2020, 21, 1023-1034. Correction in Lancet Oncol. 2021, 22, e5. https:/ /doi.org/10.1016 /51470-2045(20)30752-X. [CrossRef]
[PubMed]

Dinmohamed, A.G.; Visser, O.; Verhoeven, R.H.A.; Louwman, M.W.].; van Nederveen, FEH.; Willems, S.M.; Merkx, M. A.W.;
Lemmens, V.E.PP; Nagtegaal, I.D.; Siesling, S. Fewer cancer diagnoses during the COVID-19 epidemic in the Netherlands. Lancet
Oncol. 2020, 21, 750-751. [CrossRef] [PubMed]

Mak, V.P; White, K.; Wilkens, L.R.; Cheng, I.; Haiman, C.A_; Le Marchand, L. The impact of COVID-19 on cancer screening and
treatment in older adults: The Multiethnic Cohort Study. eLife 2023, 12, e86562. [CrossRef] [PubMed]

Lim, J.; Broughan, J.; Crowley, D.; O’Kelly, B.; Fawsitt, R.; Burke, M.C.; McCombe, G.; Lambert, J.S.; Cullen, W. COVID-19’s impact
on primary care and related mitigation strategies: A scoping review. Eur. |. Gen. Pract. 2021, 27, 166-175. [CrossRef] [PubMed]
Alhalal, E.; Alkhair, Z.; Alghazal, F; Muhaimeed, F; Halabi, R. Fear of contamination among older adults in the post-COVID-19
era. Geriatr. Nurs. 2022, 48, 1-7. [CrossRef] [PubMed]

Zaurito, P.; Garmo, H.; Gedeborg, R.; Ahlberg, M.; Orrason, A.W.; Styrke, ]J.; Robinson, D.; Stattin, P.; Westerberg, M. Prostate
cancer incidence in Sweden before, during and after the COVID-19 pandemic. Scand. J. Urol. 2025, 60, 93-96. [CrossRef] [PubMed]
Johansson, A.; Skog, A.; Johannesen, T.B.; Myklebust, T.A.; Kenig, S.M.; Skovlund, C.W.; Merch, L.S,; Friis, S.; Kristiansen, M.E;
Pettersson, D.; et al. Changes in cancer incidence and stage during the COVID-19 pandemic in 20202021 in the Nordic countries.
Acta Oncol. 2025, 64, 257-266. [CrossRef] [PubMed]

Li, T.; Nickel, B.; Ngo, P.; McFadden, K.; Brennan, M.; Marinovich, M.L.; Houssami, N. A systematic review of the impact of the
COVID-19 pandemic on breast cancer screening and diagnosis. Breast 2023, 67, 78-88. [CrossRef] [PubMed]

Jabbal, I.S.; Sabbagh, S.; Dominguez, B.; Itani, M.; Mohanna, M.; Samuel, T.; Nahleh, Z. Impact of COVID-19 on cancer-related
care in the United States: An overview. Curr. Oncol. 2023, 30, 681-687. [CrossRef] [PubMed]

Sharpless, N.E. COVID-19 and cancer. Science 2020, 368, 1290. [CrossRef] [PubMed]

OECD/European Observatory on Health Systems and Policies. Hungary: Country Health Profile 2023; OECD Publishing: Paris,
France, 2023.

OECD/European Observatory on Health Systems and Policies. Hungary: Country Health Profile 2021; OECD Publishing: Paris,
France, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ cancers18132027


https://doi.org/10.1001/archdermatol.2011.264
https://www.ncbi.nlm.nih.gov/pubmed/21931016
https://doi.org/10.1016/S1470-2045(20)30752-X
https://doi.org/10.1016/s1470-2045(20)30388-0
https://www.ncbi.nlm.nih.gov/pubmed/32702310
https://doi.org/10.1016/s1470-2045(20)30265-5
https://www.ncbi.nlm.nih.gov/pubmed/32359403
https://doi.org/10.7554/elife.86562
https://www.ncbi.nlm.nih.gov/pubmed/37366344
https://doi.org/10.1080/13814788.2021.1946681
https://www.ncbi.nlm.nih.gov/pubmed/34282695
https://doi.org/10.1016/j.gerinurse.2022.08.010
https://www.ncbi.nlm.nih.gov/pubmed/36095886
https://doi.org/10.2340/sju.v60.43172
https://www.ncbi.nlm.nih.gov/pubmed/40391647
https://doi.org/10.2340/1651-226x.2025.42079
https://www.ncbi.nlm.nih.gov/pubmed/39935358
https://doi.org/10.1016/j.breast.2023.01.001
https://www.ncbi.nlm.nih.gov/pubmed/36646004
https://doi.org/10.3390/curroncol30010053
https://www.ncbi.nlm.nih.gov/pubmed/36661702
https://doi.org/10.1126/science.abd3377
https://www.ncbi.nlm.nih.gov/pubmed/32554570
https://doi.org/10.3390/cancers18132027

	Introduction 
	Materials and Methods 
	Results 
	Trends in Overall Cancer Incidence and Mortality by Age and Sex in Hungary, 2011–2023 
	Trends in Cancer Incidence and Mortality by Cancer Type (2011–2023) 
	Males 
	Females 

	Age-Dependent Changes in the Pre-COVID, COVID and Post-COVID Periods for the Most Common Cancer Types 
	Lung Cancer 
	Colorectal Cancer 
	Breast Cancer 
	Melanoma 
	Prostate Cancer 
	Further Main Cancer Types Including Bladder and Pancreatic Cancer 


	Discussion 
	Age-Dependent Impact of the COVID-19 Pandemic on Cancer Incidence and Mortality 
	Strengths and Limitations 

	Conclusions 
	References

