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In a previous study from Germany' we provided the first
comprehensive assessment of the impact of the COVID-
19 pandemic on paediatric cancer diagnoses and provi-
sion of healthcare covering an entire country. It has
now been two years since the outbreak of the novel
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic and its first COVID-19 lockdowns
with extensive social distancing policies, stay-at-home
orders and other societal restrictions imposed across
Germany and worldwide in March 2020. Since then,
several virus variants and pandemic waves have led to
enduring societal restrictions and temporarily over-
whelmed intensive care units in numerous countries
over the past two years.

Our previously reported incidence estimates had
some uncertainties because of unknown additional
cases due to late reporting to the German Childhood
Cancer Registry (GCCR) (cases diagnosed in 2020 but
reported only later in 2021; assumed completeness of
data at time of analysis: 92—97%"). Based on the most
up-to-date database of the GCCR, including eventually
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all late reports received throughout the year 2021, and
newly available official population demographics for
2020, we are now able to complement our previous
publication by the most accurate incidence estimates
for the year 2020. In addition, we are able provide pre-
liminary estimates for the incidence in 2021 (database
as of 15 March 2022) for a continued evaluation of tem-
poral changes of the incidence of childhood cancer in
Germany during the COVID-19 pandemic. We calcu-
lated age-standardised incidence rates (ASR), using the
weights of the SEGI 1960 Standard World Population.”
Since a comparison between the preliminary ASR for
2020 as presented in our previous publication and the
definitive incidence data shown here indicates that time-
liness of reporting for cases diagnosed in 2020 had
markedly improved, we estimated ASR for 2021 by
applying the following three hypothetical scenarios of
late reporting: (i) considering no additional cases due to
late reporting after 15 March 2022,(ii) adding the mini-
mum proportion of additional cases due to late report-
ing (specific to diagnostic group) observed for diagnoses
in 2015-2019, and (iii) adding the proportion of addi-
tional cases due to late reporting (specific to diagnostic
group) observed for diagnoses in 2020 (defined as main
scenario).

In line with our previous estimates, we found a
remarkable increase in incidence rates of childhood can-
cer overall and across diagnostic groups for 2020 com-
pared to the incidence rates of the previous five years
(Table 1). ASRs for cancer in o to 14 year olds were ele-
vated by 10%, ranging from 8 to 12% across diagnostic
groups. For cancer at ages o to 17 years, ASRs were sim-
ilarly increased, varying between 10 and 15% higher
rates than in 2015—2019. The percentage increase was
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0-14 years 0-17 years
ASR' per 1,000,000 [95% Cl] ASR’ per 1,000,000 [95% Cl]
1CCC-3 diagnostic group? 2015-2019° 2020° 2021 (sI)* 2021 (SI))® 2021 (SH)° 2015-2019° 2020° 2021 (sI)* 2021 (Sh)® 2021 (SH)°
All cancers 1728 190.5 168.2 175.5 1754 1713 191.0 169.2 176.7 176.2
[169.3-176.4] [182.4-198.7] [160.7-175.9] [167.8-183.4] [167.6-183.3] [168.1-174.5] [183.6-198.5] [162.3-176.3] [169.7-184.0] [169.1-183.4]
Leukaemias 552 612 57.9 58.0 57.7 515 56.9 54.9 55.1 54.7
[53.2-57.2] [56.7-65.9] [53.4-62.5] [53.6-62.6] [53.2-62.3] [49.8-53.3] [52.9-61.1] [51.0-59.0] [51.1-59.2] [50.8-58.8]
Lymphoid leukaemia 431 476 449 442 446 392 432 409 405 407
[41.3-44.9] [43.6-51.7] [41.0-48.9] [40.4-48.3] [40.7-48.7] [37.7-40.7] [39.7-46.8] [37.5-44.5] [37.1-44.0] [37.3-44.3]
Acute myeloid leukaemia 7.3 7.8 8.1 82 83 73 7.7 85 85 86
[6.6-8.1] [6.2-9.6] [6.5-9.9] [6.6-10.0] [6.7-10.1] [6.6-7.9] [6.2-9.3] [7.0-10.1] [7.0-10.2] [7.1-10.3]
Lymphomas 212 237 18.2 184 192 26.1 300 24.4 244 25.4
[20.0-22.4] [21.0-26.6] [15.9-20.7] [16.0-20.9] [16.8-21.8] [24.9-27.3] [27.2-32.9] [22.0-27.1] [21.9-27.0] [22.9-28.1]
Hodgkin lymphoma 6.7 6.7 6.8 6.7 6.9 1.1 125 1.9 1.9 122
[6.1-7.4] [5.3-8.2] [5.4-8.3] [5.3-8.2] [5.5-8.4] [10.4-11.9] [10.8-14.4] [10.2-13.7] [10.2-13.7] [10.5-14.1]
Non-Hodgkin lymphoma 6.5 7.1 52 5.0 54 7.7 8.2 6.3 6.1 6.4
[5.9-7.2] [5.6-8.7] [4.0-6.6] [3.8-6.4] [4.2-6.8] [7.0-83] [6.7-9.7] [5.1-7.7] [4.9-7.5] [5.2-7.8]
CNS tumours 412 46.2 420 46.9 457 393 445 40.1 452 438
[39.6-43.0] [42.3-50.3] [38.3-45.9] [43.0-51.0] [41.9-49.8] [37.8-40.8] [41.0-48.2] [36.8-43.5] [41.7-48.8] [40.3-47.4]
Malignant 243 24.8 232 259 255 227 232 220 245 239
[23.0-25.6] [21.9-27.8] [20.5-26.1] [23.0-29.0] [22.6-28.5] [21.6-23.9] [20.7-25.9] [19.6-24.6] [21.9-27.2] [21.3-26.6]
Non-malignant 16.9 214 188 206 203 16.6 213 18.1 207 19.9
[15.9-18.1] [18.8-24.2] [16.3-21.4] [18.1-23.3] [17.8-23.0] [15.6-17.5] [18.9-23.8] [15.9-20.4] [18.4-23.2] [17.6-22.3]
Non-CNS solid tumours 55.2 59.3 50.1 514 526 543 59.5 49.8 514 52.1
[53.2-57.2] [54.8-64.0] [46.0-54.4] [47.3-55.8] [48.4-57.0] [52.5-56.1] [55.4-63.8] [46.0-53.7] [47.6-55.4] [48.3-56.2]

Table 1: Estimated age-standardised incidence rates of childhood cancer (ages 0—14 years and 0—17 years) in Germany in 2015—2019, 2020 and 2021. The incidence rates for 2021 were estimated by
applying different hypothetical scenarios of additional cases due to late reporting.

' ASR: age-standardized incidence rate (using Segi World Standard Population; Ref: Segi M. Cancer mortality for selected sites in 24 countries (1950-57): Sendai, Japan Tohoku University of medicine, 1960) per 1,000,000 per-
son-years.

> Age-standardized incidence rate per 1,000,000 person-years in 2015-2019. Incidence rates for 2015-2019 included all cases reported in the respective year or the subsequent year, cases reported only after the subsequent calen-
dar year were neglected.

3 Age-standardized incidence rate per 1,000,000 person-years in 2020. Incidence rates included all cases reported in 2020 or the subsequent year, cases reported only after the subsequent calendar year were neglected.

4 Scenario I: estimated age-standardized incidence rate per 1,000,000 person-years in 2021, considering no additional cases due to late reporting after 15 March 2022.

5 Scenario II: estimated age-standardized incidence rate per 1,000,000 person-years in 2021, considering the minimum proportion of additional cases due to late reporting (by diagnostic group) observed for diagnoses in 2015-
2019. The minimum proportion of additional cases due to late reporting for childhood cancer at ages o-14 years amounted to 12-5% for all cancers combined, 6-1% for leukaemias, 3-3% for lymphoid leukaemias, 5-6% for acute
myeloid leukaemias, 10-4% for lymphomas, 7-2% for Hodgkin lymphomas, 3-0% for Non-Hodgkin lymphomas, 20-1% for CNS tumours, 21-0% for malignant CNS tumours, 16-9% for non-malignant CNS tumours and 12-7%
for non-CNS solid tumours. The minimum proportion of additional cases due to late reporting for childhood cancer at ages o-17 years amounted to 12-5% for all cancers combined, 6-1% for leukaemias, 3-3% for lymphoid leukae-
mias, 4-7% for acute myeloid leukaemias, 8-8% for lymphomas, 7-3% for Hodgkin lymphomas, 5-6% for Non-Hodgkin lymphomas, 21-1% for CNS tumours, 20-7% for malignant CNS tumours, 21-8% for non-malignant CNS
tumours and 13-0% for non-CNS solid tumours.

© Scenario III: estimated age-standardized incidence rate per 1,000,000 person-years in 2021, considering the proportion of additional cases due to late reporting (by diagnostic group) observed for diagnoses in 2020. The pro-
portion of additional cases due to late reporting for childhood cancer at ages o-14 years amounted to 12-4% for all cancers combined, 5-5% for leukaemias, 4-2% for lymphoid leukaemias, 6-3% for acute myeloid leukaemias, 15-4%
for lymphomas, 10-7% for Hodgkin lymphomas, 10-7% for Non-Hodgkin lymphomas, 17-1% for CNS tumours, 19-0% for malignant CNS tumours, 15-1% for non-malignant CNS tumours and 15-2% for non-CNS solid tumours.
The proportion of additional cases due to late reporting for childhood cancer at ages o-17 years amounted to 12-2% for all cancers combined, 5-5% for leukaemias, 4-0% for lymphoid leukaemias, 6-4% for acute myeloid leukaemias,
13-3% for lymphomas, 10-1% for Hodgkin lymphomas, 10-5% for Non-Hodgkin lymphomas, 17-4% for CNS tumours, 17-9% for malignant CNS tumours, 16:9% for non-malignant CNS tumours and 14-6% for non-CNS solid
tumours.
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highest for lymphomas and tumours of the central ner-
vous system (CNS) (primarily driven by CNS tumours
with non-malignant behaviour). All estimates however
involve some degree of uncertainty because childhood
cancers are rare disorders.

Estimating the ASRs in 2021 (Table 1), suggested a
decline in ASRs for 2021 compared to 2020. This
applied to both ages o to 14 years and o to 17 years, and
across diagnostic groups, with the exception of acute
myeloid leukaemia, Hodgkin lymphoma and CNS
tumours for which the ASR remained on the level of
2020. Estimated ASRs of childhood cancer overall, leu-
kaemia overall and lymphoid leukaemia for 2021 were
still elevated compared to those in the five years before
the pandemic. ASRs estimated for lymphomas overall
and non-CNS solid tumours however have dropped so
drastically that they fell below the respective ASRs from
2015 t02019.

Internationally, a growing number of institutional
observations and scientific assessments confirm
unprecedented detrimental consequences of the
COVID-19 pandemic on several areas of healthcare,
including cancer care. A remarkable decline in new can-
cer diagnoses as well as evidence for missed and delayed
diagnoses, delayed treatment and rises in cancer deaths
have been noted.>* Disruptions to diagnostic and thera-
peutic services and a decline in new cancer diagnoses
have also specifically reported for childhood cancer>®
and are of major public health concern.

We previously speculated that the unexpected
increase in childhood cancer incidence rates in Ger-
many in 2020 might be the consequence of greater
parental attention to early disease symptoms in their
child and possibly also doctor’s awareness during the
COVID-19 pandemic and hence more timely healthcare
consultations and referral to tertiary facilities. Since
many childhood cancers tend to present with non-spe-
cific symptoms that mimic those of infectious including
COVID-19, increased parental and physician’s aware-
ness and earlier presentation might have indeed led to a
shorter diagnostic process and thereby earlier diagno-
ses. The GCCR lacks regrettably information about dis-
ease stage at diagnosis. Analyses by stage might have
given indications whether, for example, the observed
increase in some cancer types was due to more diagno-
ses of early stages. That we did observe indications of a
potential rebound effect in the 2021 incidence estimates
for lymphoma (lymphomas overall, others than Hodg-
kin lymphoma) and non-CNS solid tumours but not for
other diagnostic groups, speaks however against this
explanation as being the only cause for the increase.
Although it is reassuring that we found no signs of
missed or delayed childhood cancer diagnoses in Ger-
many throughout 2020 and 2021, the underlying rea-
sons for the marked increase in incidence rates in 2020
remain largely unclear. Especially the continuing
increase in the incidence of CNS tumours in 2021 is
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noteworthy, as this is the diagnostic group where com-
plete registration has traditionally been a challenge. A
possible explanation of the increase relates to improve-
ments in completeness of reporting. During the
COVID-19 pandemic waves, children with a CNS
tumour might have been less frequently treated in adult
neuro-oncology or neurology departments than before
but more often in paediatric haematology-oncology
units, where reporting to the GCCR is an established
routine. An actual increase in risk for childhood cancer
overall in direct or indirect response to the COVID-19
pandemic appears highly unlikely according to the cur-
rent scientific knowledge, but seems conceivable for
lymphoid leukaemias” and in particular its major sub-
type B-precursor acute lymphoblastic leukaemia®®.
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