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Introduction: The COVID-19 pandemic has considerably affected healthcare
systems worldwide and is expected to influence cancer incidence, mortality,
stage at diagnosis, and survival. This study aimed to assess COVID-19-related
changes in cancer incidence observed in 2020 in the Greater Poland region.

Materials and methods: Data from the Greater Poland Cancer Registry on cancer
patients diagnosed between 2010 and 2020 were analysed. To quantify the
change in the number of incident cancer cases during the COVID-19 pandemic,
we calculated the standardized incidence ratio (SIR) and the incidence rate
difference (IRD) to assume the pandemic-attributable gap in cancer incidence.

Results: In 2020, in Greater Poland, the expected number of new cancer cases
was 18 154 (9 226 among males and 8 927 among females), while the observed
number was 14 770 (7 336 among males and 7 434 among females). The
registered number of cancer cases decreased in 2020 by 20% (SIR 0-80, 95%
Cl 0-78 to 0-81) and 17% (SIR 0-83, 95% CI 0-81 to 0-85) in males and females,
respectively. Among men, the most significant difference was reported for
myeloma (SIR 0-59, 95% CI 0-45 to 0-77), among women for bone cancer (SIR
0-47, 95% Cl 0-20 to 0-93). In females the observed incidence was higher than
expected for cancer of an unspecified site (SIR 1-19, 95% CI 1-01 to 1-38). In our
study, the decrease in new cancer cases was greater in males than in females.

Discussion: The observed incidence was affected in most cancer sites, with the
most significant deviation from the expected number in the case of myeloma. An
increase in the observed incidence was reported only in women diagnosed with
cancer of an unspecified site, which might reflect shortages in access to
oncological diagnostics.
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1 Introduction

The COVID-19 pandemic has considerably affected healthcare
systems worldwide (1) and is expected to influence cancer
epidemiological metrics, such as incidence, mortality, stage at
diagnosis, and survival. The anticipated changes were caused by
medical and non-medical reasons, such as limited access to
healthcare services (2), fear of exposure to the virus in medical
facilities, and low cancer screening participation rates.

According to literature, cancer morbidity in Europe was
reduced in 2020, especially between March and May, from 22%
in Sweden to 66% in Spain (1). Reports encompassing the entire
2020 period presented a lower and somewhat similar decrease in
incident cancer cases compared to 2019 — 6% in Denmark (3), 6% in
Sweden (4), 4% in Finland (4), and 6% in Slovenia (5). Although
extensive research has been carried out on the influence of the
pandemic on observed cancer incidence, no single study has
compared the observed number of cases to the expected one in
the Polish population, meaning that existing studies may have
underestimated the influence of the pandemic by not considering
the predicted year-to-year increase in cancer incidence.

The first case of COVID-19 in Poland was confirmed on the 4™
of March 2020. Six days later, the government implemented various
restrictions, which became more severe in the following weeks. The
organization of healthcare services was changed, also influencing
cancer registration. Large numbers of medical staff were redirected
to combat the pandemic. Hence some planned oncological surgeries
were postponed or cancelled, and diagnostic tests and treatments
were unavailable (6, 7). Cancer screening participation rates
decreased in Poland (8-10), as in other European countries (11).
Introducing telemedicine tools that received relatively positive
feedback (12) partially mitigated these problems. Nevertheless, the
overall impact of the pandemic on the Polish healthcare system and
its performance was still considerable, as reflected by the overall
number of deaths, which was approximately 15% higher than
expected (13). According to Eurostat, this was one of Europe’s
highest excess mortality rates (14).

This study aimed to assess COVID-19-related changes in cancer
incidence observed in 2020 in the Greater Poland region (western
Poland) compared with predicted values.

2 Materials and methods

2.1 Data sources, study design, and
cohort selection

To assess the influence of the COVID-19 pandemic on cancer
incidence in Greater Poland (Wielkopolskie), Poland, we conducted
a population-based, open cohort study.

Data were obtained from the Greater Poland Cancer Registry
(GPCR), an official, state-funded, Polish regional institution dealing
with cancer epidemiology in Greater Poland, one of the most
populous first-level administrative regions in Poland (population
of 3.51 million in 2020) (15). The GPCR database covers all incident
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cancer cases of persons with official addresses in Greater Poland. All
data are coded by qualified specialists according to the International
Classification of Diseases, the tenth revision (ICD-10), and
International Classification of Diseases for Oncology (ICD-O).
The GPCR, as a part of the Polish Cancer Registry (PLCR),
follows all the operational rules of the PLCR, comprehensively
described elsewhere (16). All of the recorded cases are routinely
passed through specific tools to validate the quality of the data
against the recommendations of the European Network of Cancer
Registries. The registration system is based on a unique Polish
personal identification number (PESEL) and avoids double coding
of the same patient.

Mid-year Greater Poland population estimates were obtained
from Statistics Poland (15).

2.2 ldentification of cancer cases

We identified all patients registered with a diagnosis of primary
malignant neoplasms and/or in situ neoplasms (C00-D09,
according to ICD-10) between the 1% of January 2010 and the
31" of December 2020. Cases diagnosed between the 1** of January
2010 and the 31°* of December 2019 were included in the study to
serve as a basis for predicting the expected number of incident
cancer cases in 2020. Cases diagnosed between the 1° of January
2020 and the 31* of December 2020 were included to assess the
influence of the COVID-19 pandemic on the number of registered
cancer cases. For patients with two or more independent incident
diagnoses of coexisting neoplasms, diagnoses of all primary
malignant neoplasms were included in the study. We obtained
the following data for all registered cases: age at diagnosis, sex, and
ICD-10 code for the diagnosis. All included cancer sites were
grouped and labelled, as shown in Table S1.

2.3 Statistical analyses

Crude annual incidence rate was defined as the number of new
cases diagnosed per 100 000 person-years. In the denominator, we
applied the mid-year population, defined as the population size on
the 30™ of June of the respective year. Following GLOBOCAN, we
performed direct age standardization for the World Standard (Segi-
Doll) (17) with age-group proportions (18 age groups) to enable
international comparison.

To quantify the change in the number of incident cancer cases
during the COVID-19 pandemic for all cancer sites, we calculated
the standardized incidence ratio (SIR), which is the ratio of the
observed to expected number of new cancer cases. The observed
numbers of cases were retrieved from the GPCR database. We
attempted to predict the expected number of incident cancer cases
in 2020, together with crude and age-standardized incidence rate
(ASR), deploying GPCR data encompassing ten years before the
COVID-19 pandemic (2010-2019; 159 436 individuals diagnosed
with cancer), using simple linear regression analysis. A simple linear
regression analysis was chosen because, according to literature, it
outperforms other machine-learning models when used for
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predicting cancer incidence rates (18). We created 222 models
(number of cases ~ year; crude incidence ~ year; standardized
incidence ~ year), one for each ICD-10-sex-predicted variable
combination. Formal goodness-of-fit was calculated using the
symmetric mean absolute percentage error (SMAPE) (19). The
SMAPE is an accuracy measure expressed as percentage errors and
represents the size of a “typical” objective error in the model,
overcoming the shortcomings of the original mean absolute
percentage error. The 95% confidence intervals (CIs) were
calculated assuming a Poisson distribution.

To assess the COVID-19 pandemic-attributable gap in cancer
incidence in 2020, we calculated the incidence rate difference (IRD)
by subtracting the expected ASR from the observed ASR. The IRD
should be interpreted as the number of cancer cases per 100 000
person-years not identified due to the pandemic.

Statistical analyses were performed using R (version 4.1.2).

2.4 Compliance with ethical standards

According to Polish legislation, individual-level data from the
GPCR can be used for statistics in aggregate form and for scientific
purposes. The GPCR obeys strict regulations to secure
confidentiality and protection of individuals. This study was
conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines (20).

3 Results
3.1 Cancer incidence overall

In 2020, in Greater Poland, the expected number of new cancer
cases was 18 154 (9 226 among males and 8 927 among females),
while the observed number was 14 770 (7 336 among males and 7
434 among females; Table 1). This equates to a 20% decrease in the
registered number of cancer cases in males (SIR 0.80, 95% CI 0.78 to
0.81) and 17% in females (SIR 0.83, 95% CI 0.81 to 0.85).
Correspondingly, the registered ASR for all cancer sites decreased
from 310 to 248 per 100 000 person-years for males and from 264 to
226 per 100 000 person-years for females. Hence, there were 62 new
cancer cases less than expected per 100 000 men, and 39 new cancer
cases less than expected per 100 000 women.

3.2 Cancer site and sex

The distribution of changes in registered cancer incidence was
similar between sexes. Among men, the most significant difference
between the observed and expected incidence was reported for
myeloma (SIR 0.59, 95% CI 0.45 to 0.77; Table 1), followed by
thyroid cancer (SIR 0.65, 95% CI 0.49 to 0.84), leukaemia (SIR 0.68,
95% CI 0.58 to 0.81), and skin cancer (SIR 0.69, 95% CI 0.64 to
0.74). Among women, the lowest significant SIR was found in bone
cancer (SIR 0.47, 95% CI 0.20 to 0.93), followed by myeloma (SIR
0.69, 95% CI 0.53 to 0.88), thyroid cancer (SIR 0.73, 95% CI 0.64 to
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0.82), and skin cancer (SIR 0.73, 95% CI 0.68 to 0.78). The observed
incidence was higher than expected in females diagnosed with
cancer of an unspecified site (SIR 1.19, 95% CI 1.01 to 1.38).
There was no meaningful change in the registered incidence of
tumours that are more common in younger age groups, namely soft
tissues and central nervous system malignancies, and
Hodgkin lymphoma.

3.3 Age group and sex

Among children, adolescents, and young adults, the decrease in
cancer incidence was significant only among males aged 30-34 years
(SIR 0.76, 95% CI 0.59 to 0.97; Table 2). Among older adults, the
decrease in newly diagnosed cancer cases was more pronounced
with rising age at diagnosis. In males all age groups >55 years were
affected, with the most significant decrease in the observed
incidence among 65-69-year-olds (SIR 0.69, 95% CI 0.66 to 0.73)
and among 75-79-year-olds (SIR 0.71, 95% CI 0.66 to 0.77). Among
females aged =55 years negative changes were also observed, with
the most significant decrease in 80-84-year-olds (SIR 0.74, 95% CI
0.68 to 0.84) and 85+-year-olds (SIR 0.66, 95% CI 0.59 to 0.73).

4 Discussion
4.1 The relevance of the study

We assessed the influence of the COVID-19 pandemic on
cancer incidence in Greater Poland, one of the largest
administrative regions in Poland. In contrast with existing
literature which compares yearly epidemiological observations,
this study uses a calculation method juxtaposing observed new
cancer cases with expected numbers. The added value of this study
lies in a more precise assessment of the gap caused by the COVID-
19 pandemic, as 2020 data are contrasted with predicted numbers
for this year rather than past epidemiological data, taking into
account expected changes in cancer incidence over time.

In addition, contrary to other European cancer registries that
reported disruptions in cancer registration (21), during the first
wave of the COVID-19 pandemic, the GPCR continued the
registration process and provided a reliable dataset for such an
analysis. The continued work of the GPCR was possible because of
the hybrid work model and the division of the registry staff into
separate teams without close contact.

4.2 Main findings of the study in the
context of Polish literature

One of our main observations was the decrease in the registered
number of new cancer cases in 2020 by 20% in males and 17% in
females compared with the number of cases expected in that year.
Our findings broadly support previous estimates by the PLCR,
which compared the number of incident cancer cases in 2020 versus
2019 and reported a difference of -15% in Polish males and -11% in
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TABLE 1 The observed and expected crude number of new cancer cases, standardized incidence ratio (SIR) together with 95% confidence interval (Cl)
and symmetric mean absolute percentage error (SMAPE), crude and age-standardized incidence rate (ASR), and incidence rate difference (IRD), by sex
and ICD-10 — Greater Poland, 2020.

Site (ICD-10) Value Cases SIR (95% ClI) SMAPE % Crude ASR (World) IRD
Observed 7 336 429.62 248.19
Male 0.80 (0.78 to 0.81) 1.38 -62.24
Al sites Expected 9 226 541.90 310.42
(€00-C96, D00-D09) Observed 7 434 41223 22581
Female 0.83 (0.81 to 0.85) 1.28 -38.62
Expected 8927 495.04 264.43
Observed 265 15.52 9.36
Male 0.80 (0.71 to 0.91) 6.20 -2.41
Head and neck Expected 330 19.40 11.77
(C00-C14) Observed 104 577 287
Female 0.77 (0.63 to 0.93) 5.35 -1.13
Expected 135 7.54 4.00
Observed 1652 96.75 54.59
Male 0.80 (0.76 to 0.84) 1.86 -13.35
Di . Expected 2 067 121.39 67.94
igestive organs
(C15-C26) Observed 1259 69.81 3230
Female 0.84 (0.80 to 0.89) 1.84 -5.31
Expected 1495 83.18 37.62
Observed 1261 73.85 41.19
Male 0.82 (0.77 to 0.86) 2.84 -8.18
Respi Expected 1543 90.52 49.38
esplratory organs
(C30-C39) Observed 718 39.81 18.60
Female 0.81 (0.75 to 0.87) 3.66 -4.93
Expected 889 49.50 23.53
Observed 12 0.70 0.61
Male 0.67 (0.34 to 1.16) 24.49 -0.49
B Expected 18 1.08 1.10
ones
(C40-Ca1) Observed 8 0.44 0.42
Female 0.47 (0.20 to 0.93) 16.90 -0.35
Expected 17 0.92 0.77
Observed 746 43.69 23.51
Male 0.69 (0.64 to 0.74) 5.39 -11.42
Skin Expected 1078 63.31 34.94
(C43-C49) Observed 794 44.03 2083
Female 0.73 (0.68 to 0.78) 4.63 -7.08
Expected 1092 60.82 2791
Observed 59 3.46 2.74
Male 0.84 (0.64 to 1.09) 5.18 -0.24
Soft tissues Expected 70 4.11 2.98
(C45-C49) Observed 58 322 2,01
Female 0.84 (0.64 to 1.09) 9.55 -0.69
Expected 69 3.82 2.70
Observed 10 0.59 0.37
Male 0.77 (0.37 to 1.41) 21.77 -0.06
Breast Expected 13 0.77 0.42
(C50) Observed 1848 102.47 61.63
Female 0.88 (0.84 to 0.92) 2.40 -6.30
Expected 2101 116.95 67.93
Female genital organs Observed 988 54.79 30.67
Cf_’ s 8 Female 0.83 (0.78 to 0.88) 333 572
( B ) Expected 1196 66.51 36.40
. Observed 1610 94.29 53.96
Male genital organs
C60-C63 Male 0.80 (0.76 to 0.84) 4.11 -13.24
( B ) Expected 2 005 117.87 67.20
(Continued)
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TABLE 1 Continued

10.3389/fonc.2023.1230289

Site (ICD-10) Value Cases SIR (95% Cl) SMAPE % Crude ASR (World)
Observed 719 42.11 23.68
Male 0.80 (0.74 to 0.86) 5.05 -5.79
Urinary tract Expected 896 52.62 29.47
(C64-Co8) Observed 327 18.13 8.99
Female 0.76 (0.68 to 0.85) 4.10 -2.53
Expected 431 24.02 11.53
Observed 154 9.02 6.40
Male 0.92 (0.78 to 1.07) 7.06 -1.04
Central nervous system Expected 168 9-89 744
(C69-C72) Observed 134 7.43 481
Female 0.89 (0.74 to 1.05) 6.01 -0.65
Expected 151 8.41 5.46
Observed 57 3.34 2.46
Male 0.65 (0.49 to 0.84) 6.85 -1.44
Thyroid Expected 88 5.19 3.90
(€73-C75) Observed 273 15.14 1291
Female 0.73 (0.64 to 0.82) 6.73 -3.62
Expected 375 20.88 16.53
Observed 172 10.07 5.59
Male 1.06 (0.91 to 1.23) 6.61 +0.68
Expected 162 9.51 491
Unspecified (C76-C80)
Observed 164 9.09 3.79
Female 1.19 (1.01 to 1.38) 11.01 +0.76
Expected 138 7.65 3.03
Observed 40 2.34 2.50
Male 0.93 (0.66 to 1.27) 11.17 +0.24
Hodgkin lymphoma Expected 43 2,51 2.26
(csn) Observed 16 2.55 234
Female 1.21 (0.89 to 1.61) 7.97 +0.39
Expected 38 2.11 1.95
Observed 155 9.08 5.99
Male 0.84 (0.71 to 0.99) 7.41 -0.72
Non-Hodgkin lymphoma Expected 184 10.79 6.70
(C82-C88) Observed 163 9.04 499
Female 0.97 (0.83 to 1.13) 6.83 +0.12
Expected 168 9.37 4.86
Observed 57 3.34 1.89
Male 0.59 (0.45 to 0.77) 8.55 -1.36
Myeloma Expected 96 5.65 3.24
(C90) Observed 64 3.55 175
Female 0.69 (0.53 to 0.88) 16.14 -0.54
Expected 93 5.19 2.30
Observed 141 8.26 5.91
Male 0.68 (0.58 to 0.81) 9.93 -2.36
Leukaemia Expected 206 12.09 8.27
(C91-C96) Observed 132 7.32 486
Female 0.79 (0.66 to 0.94) 8.00 -0.54
Expected 167 9.27 5.40
Observed 226 13.24 7.45
Male 0.88 (0.77 to 1.00) 15.08 -1.07
In si Expected 258 15.20 8,51
n situ
(D00-D09) Observed 354 19.63 12.03
Female 0.95 (0.86 to 1.06) 6.26 -0.49
Expected 372 20.74 12.52

Statistically significant values are presented in bold.

Frontiers in Oncology

05

frontiersin.org



https://doi.org/10.3389/fonc.2023.1230289
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Trojanowski et al. 10.3389/fonc.2023.1230289

TABLE 2 The observed and expected crude number of new cancer cases, standardized incidence ratio (SIR) together with 95% confidence interval (CI)
and symmetric mean absolute percentage error (SMAPE), crude and age-standardized incidence rate (ASR), and incidence rate difference (IRD), by sex
and age group — Greater Poland, 2020.

Age group Sex Value Cases SIR (95% Cl) SMAPE % Crude ASR (World) IRD
Observed 23 23.30 2.80
Male 1.00 (0.63 to 1.50) 19.71 -0.11
Expected 23 24.25 291
0 - 4 years
Observed 25 26.79 322
Female 1.32 (0.85 to 1.94) 14.71 +0.72
Expected 19 20.79 2.49
Observed 11 11.00 1.10
Male 1.00 (0.50 to 1.79) 16.05 +0.06
Expected 11 10.40 1.04
5 -9 years
Observed 12 12.69 1.27
Female 1.20 (0.62 to 2.10) 17.17 +0.26
Expected 10 10.09 1.01
Observed 11 10.81 0.97
Male 0.92 (0.46 to 1.64) 31.18 -0.20
Expected 12 13.07 1.18
10 - 14 years
Observed 9 9.43 0.85
Female 0.75 (0.34 to 1.42) 33.37 -0.33
Expected 12 13.12 1.18
Observed 12 13.84 1.25
Male 0.71 (0.36 to 1.23) 12.17 -0.61
Expected 17 20.59 1.85
15 - 19 years
Observed 7 8,51 0.77
Female 0.54 (0.22 to 1.11) 13.28 -0.71
Expected 13 16.40 1.48
Observed 35 36.22 2.90
Male 1.25 (0.87 to 1.74) 13.30 +0.50
Expected 28 29.92 2.39
20 - 24 years
Observed 26 27.90 223
Female 0.70 (0.46 to 1.03) 8.33 -0.97
Expected 37 39.96 3.20
Observed 47 39.69 3.18
Male 0.85 (0.63 to 1.14) 7.21 -0.55
Expected 55 46.56 3.72
25 - 29 years
Observed 77 67.15 5.37
Female 0.96 (0.76 to 1.20) 6.11 -0.12
Expected 80 68.64 5.49
Observed 66 48.39 2.90
Male 0.76 (0.59 to 0.97) 9.42 -0.63
Expected 87 58.95 3.54
30 - 34 years
Observed 163 123.11 7.39
Female 1.10 (0.94 to 1.28) 4.39 +1.22
Expected 148 102.79 6.17
Observed 107 70.42 4.23
Male 0.95 (0.78 to 1.14) 6.78 -0.16
Expected 113 73.04 4.38
35 - 39 years
Observed 239 161.18 9.67
Female 1.00 (0.88 to 1.14) 5.81 +0.13
Expected 239 158.94 9.54
Observed 146 102.04 6.12
Male 0.96 (0.81 to 1.13) 7.26 -0.22
Expected 152 105.77 6.35
40 - 44 years
Observed 348 248.95 14.94
Female 0.90 (0.81 to 1.00) 3.62 -1.81
Expected 388 279.10 16.75
(Continued)
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TABLE 2 Continued

Age group Value Cases SIR (95% Cl) SMAPE % Crude ASR (World) IRD
Observed 181 148.49 8.91
Male 0.87 (0.74 to 1.00) 4.93 -2.25
Expected 209 185.95 11.16
45 - 49 years
Observed 414 342.85 20.57
Female 0.92 (0.83 to 1.01) 5.08 -3.84
Expected 450 406.79 2441
Observed 312 311.59 15.58
Male 1.01 (0.90 to 1.12) 3.32 -1.53
Expected 310 342.11 17.11
50 - 54 years
Observed 484 474.92 23.75
Female 0.94 (0.86 to 1.03) 2.62 -3.78
Expected 515 550.44 27.52
Observed 591 592.66 23.71
Male 0.80 (0.74 to 0.87) 3.39 -3.93
Expected 739 691.01 27.64
55 - 59 years
Observed 653 615.63 24.63
Female 0.81 (0.75 to 0.87) 3.43 -3.82
Expected 808 711.05 28.44
Observed 1114 1005.30 40.21
Male 0.74 (0.70 to 0.79) 2.60 -11.48
Expected 1499 1292.38 51.70
60 - 64 years
Observed 1012 810.23 3241
Female 0.80 (0.76 to 0.85) 2.54 -5.86
Expected 1259 956.77 3827
Observed 1500 1558.15 46.74
Male 0.69 (0.66 to 0.73) 6.22 -13.38
Expected 2169 2004.18 60.13
65 - 69 years
Observed 1273 1075.41 32.26
Female 0.75 (0.71 to 0.79) 7.46 -6.29
Expected 1706 1285.12 38.55
Observed 1585 2163.29 43.27
Male 0.96 (0.91 to 1.00) 9.63 -13.82
Expected 1658 2854.27 57.09
70 - 74 years
Observed 1219 1230.37 24.61
Female 1.02 (0.97 to 1.08) 9.46 -6.26
Expected 1193 1543.49 30.87
Observed 715 2309.43 23.09
Male 0.71 (0.66 to 0.77) 2.71 -8.03
Expected 1002 3112.04 31.12
75 - 79 years
Observed 583 1199.64 12.00
Female 0.74 (0.68 to 0.80) 4.07 -3.25
Expected 788 1524.88 15.25
Observed 545 2336.25 11.68
Male 0.78 (0.72 to 0.85) 3.87 -2.90
Expected 697 2916.85 14.58
80 - 84 years
Observed 513 1133.78 5.67
Female 0.74 (0.68 to 0.81) 2.77 -1.84
Expected 690 1502.53 7.51
Observed 335 1911.66 9.56
Male 0.75 (0.68 to 0.84) 7.62 -2.99
Expected 444 2509.36 12.55
85+ years
Observed 377 845.10 4.23
Female 0.66 (0.59 to 0.73) 535 -2.07
Expected 574 1259.98 6.30

Statistically significant values are presented in bold.
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Polish females (22). The differences described by the PLCR varied
by region and were highest in one of the northern regions,
Pomorskie (-30%). For Greater Poland, the reported difference
was -15% in males and -11% in females. The discrepancy between
the present analysis and the PLCR report relates to the fact that this
study compared the 2020 observations with expected numbers
derived from a broader historical period, which reflects a further
increase in cancer incidence more accurately. In other words, we
compared the observed number of cases with a broader data set,
encompassing 2019 data.

Other Polish observations, which were based on multi-
disciplinary team (MDT) reports, showed a 20% drop in new,
suspected cancer cases in 2020 compared to 2019 (23). One of the
possible explanations for such large differences in MDT reports
(percentage difference greater than in our study) might be the fact
that not all cases analysed by the MDT had to be later confirmed as
malignant neoplasms.

4.3 Main findings of the study in the
context of European literature

The first published reports on the impact of the COVID-19
pandemic on cancer incidence metrics deployed year-over-year
comparisons. They showed that there were fewer incident cancer
cases in 2020 than in 2019. Notwithstanding the differences in the
calculation method and the periods analysed, one can observe that
the decrease in the number of new cancer cases found in our study
is larger than that in other European countries. For example, a
Belgian report showed that despite a 44% reduction in new cancer
diagnoses in April 2020 compared with April 2019, the annual
decline in 2020 reached 6% (24). Contrary to our study, the most
significant decrease was observed in head and neck cancers. On the
other hand, our observations were similar regarding childhood
cancers (no relative change found) and the impact of age on the
decrease in cancer incidence. However, while in Poland we observed
noteworthy changes in patients aged =55 years, in Belgium
considerable differences were observed in individuals aged 80
years or older. Another example is a German study, which
compared the number of patients newly diagnosed with cancer in
general and specialised medical practices between April 2020 and
March 2021 with the corresponding numbers from April 2019 to
March 2020, and found a 7% decrease in adults (25). A Dutch study
also found a considerable change in the number of new cancer
diagnoses for all cancer sites during the first months of the
pandemic, with the biggest difference in the case of skin and
breast cancers (26). The authors indicated problems with access
to GPs when displaying non-specific symptoms, choosing
telemedicine services for most non-acute issues, and postponing
hospital-based diagnostic examinations as the main possible
reasons for such observations. In Poland, these factors may have
also contributed to the decrease in the observed number of incident
cancer cases (12).
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4.4 Cancer incidence gap by sex and age

In our study, the decrease in new cancer cases was greater in
males than in females. This could be linked to higher COVID-19
mortality observed among men especially in urban areas (27),
which might have influenced the number of malignancies
potentially undiagnosed due to COVID-19-related deaths.
Furthermore, the impact of the pandemic on the observed cancer
incidence varied by age group and was most significant in patients
aged =55 years. These observations are somewhat coherent with
those from Germany (25) and the Spanish region of Catalonia (28).
They might relate to the fact that stay-at-home advice was
addressed mainly to seniors. Contrary to an English study, which
reported a decrease in new childhood cancer diagnoses (29), neither
our analysis nor Canadian (30) or German (31) reports confirmed
such a trend.

4.5 Changes in incidence by cancer site

Head and neck. Consistently with previous data from the USA
(-25%) (32) and Belgium (-14%) (24), we observed a 20% reduction
in new head and neck cancer diagnoses among males and 23%
among females.

Digestive system. The COVID-19 pandemic posed severe
challenges to all aspects of colorectal cancer diagnostics and
treatment in many settings (33, 34). Such limited access to
diagnosis and treatment in Greater Poland was reflected by the
decrease in the number of new digestive system cancers in 2020 by
20% in males and 16% in females. A smaller decline in incidence
was reported in Denmark (10%) (3) and Belgium (11%) (24),
whereas a larger decrease was found in Hungary (20%) (35) and
Spain (39%) (36). Since it has been proven that a four month delay
in colorectal cancer treatment results in higher fatality rates and
lower survival (37), further analyses need to assess the impact of the
pandemic on these metrics.

Respiratory system. Despite eminence-based expectations that
numerous computed tomography scans of the chest performed
during the pandemic would increase the number of incident lung
cancers, in 2020, we observed almost 20% fewer new respiratory
cancer cases than expected. Other Dutch and Indian studies have
also rejected the hypothesis of a higher number of incidental
diagnoses of lung cancer during the pandemic (38, 39). The
Polish incidence gap for respiratory system cancers was
considerably larger than in other European countries, including
Hungary (-14%) (35), Denmark (-4%) (3), and Belgium (-2%) (24).
Considering the above and the fact that Polish COVID-19-positive
patients diagnosed with lung cancer were characterised by worse
performance upon admission, more advanced stage at diagnosis,
and more deaths before treatment during the pandemic (40),
further survival analyses should be performed.

Breast. In Greater Poland, in 2020, the number of new female
breast cancer cases was 12% lower than expected, which is
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consistent with observations from other former Eastern Bloc
countries, including Hungary (-16%) (35) and Slovenia (-17%)
(5). A smaller incidence gap was observed in Western Europe,
namely Belgium (6%) (24) and Denmark (8%) (3). Although
analyses of patients diagnosed in 2020 have found no differences
in stage at diagnosis (41), the delay in breast cancer diagnosis is
expected to affect the stage in the years following the pandemic.
Such signals came from Greater Poland, where the first significant
breast cancer stage shift was observed in patients diagnosed in
2021 (42).

Female genital organs. Our findings show a 17% reduction in
the number of registered cancer cases. Even higher decreases were
reported in 2020 in Austria (45%) (43) and Northern England
(26%) (44). The group of female genital malignancies is diverse,
according to the average age at diagnosis and the presence of
population-based screening. Hence, the overall COVID-19
influence on the number of observed diagnoses should only serve
as an introduction for further studies.

In situ neoplasms. The ability to diagnose cancer at an early
stage is one of the measures of healthcare system oncological
diagnostics performance. In Greater Poland, we identified a 12%
decrease in male in situ cancers and no significant change in
females. This is probably caused by the structure of preinvasive
malignancies that differs between the sexes. In men, it is dominated
by bladder cancer and in women by breast cancer. The findings
regarding in situ neoplasms correspond with invasive tumours of
the male urinary tract (-20%) and female breast (-12%).

The key strength of this study is the usage of the population-
based cancer registry data, covering the whole population of Greater
Poland with high completeness, achieved by active registration
practices. Another advantage of this study is providing a
comparison with the predicted values based on a long history of
the registry operation using well-fitted models with acceptable
SMAPE. The study is somewhat limited by the lack of a more
detailed picture of pandemic-related changes in cancer burden in
2021, which is caused by lag time in cancer registration, typical for
cancer registries.

The COVID-19 pandemic negatively affected the registered
cancer incidence in Greater Poland in 2020. The number of new
cancer diagnoses decreased by 20% among males and 17% among
females, more than among other European populations. The gap
was most significant in the 55+-year age group. The observed
decrease could be linked to the shortages in Polish healthcare
resources, already limited in the pre-pandemic period, which
struggled to maintain oncological services, especially outside of
the comprehensive cancer centres and due to stay-at-home policy
primarily enforced among seniors.

The observed incidence was affected in most cancer sites, with
the most significant deviation from the expected one in the case of
myeloma. An increase in the observed incidence was reported only
in women diagnosed with cancer of an unspecified site, which might
reflect shortages in access to oncological diagnostics.

The reported decrease in cancer incidence due to the pandemic
indicates the need for further studies focused on the possible
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consequences of postponed diagnostics and treatment, including
changes in survival metrics and healthcare expenditures.
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