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delivery of healthcare among paediatric oncology patients in Germany in 2020.

Methods: We analysed incident paediatric cancer cases diagnosed in 0- to 17-year olds in Germany in 2020
using data of the German Childhood Cancer Registry. Absolute numbers and age-standardised incidence rates
(ASR) in 2020 were compared to the previous five years (2015-2019). Moreover, we conducted a survey

Eﬁﬁ:ﬁgﬁ;’ cancer with open-ended questions, gathering perceptions of the diagnostic process and healthcare delivery for pae-
Incidence diatric oncology patients during the COVID-19 pandemic.

Healthcare delivery Findings: More or similar numbers of paediatric cancer patients were newly diagnosed each month through-
Diagnosis out 2020 in comparison to the previous five years. The estimated ASRs showed markedly higher incidence
COVID-19 pandemic rates, overall and across diagnostic groups, in 2020 compared to 2015-2019. Results from the qualitative sur-
Germany vey indicated that diagnostic processes, timeliness of diagnosis, and delivery of treatment were hardly

German Childhood Cancer Registry

affected during the COVID-19 pandemic. However, psychosocial supportive care and non-urgent appoint-
ments were considerably reduced during the lockdown periods.
Interpretation: We found no indications of severe adverse effects of the COVID-19 pandemic on diagnosis and
delivery of healthcare among children with cancer in Germany. The underlying reasons of the increase in
incidence rates remain speculative. Continued close monitoring of incidence patterns may shed light on the
underlying reasons of the present increase and contribute to understanding disease aetiology.
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Research in Context to the article

Evidence before this study

An increasing number of reports from different European coun-
tries, the US, and elsewhere demonstrated severe detrimental
effects of the COVID-19 pandemic on timely diagnosis and can-
cer care, including a substantial reduction in new cancer diag-
noses. Most of the literature focused however on cancer in
adults. To identify studies reporting on the impact of the
COVID-19 pandemic on incidence, time of diagnosis and deliv-
ery of health care among children with cancer, we searched
PubMed (15 March 2021), using the following search strategies:
(“childhood” OR “paediatric”) AND (“cancer” OR “malignancy”)
AND (“COVID-19” OR “coronavirus” OR “SARS-CoV-2") as well
as (“childhood” OR *“paediatric”) AND (“cancer” OR “malig-
nancy”) AND (“COVID-19” OR “coronavirus” OR “SARS-CoV-2")
AND (“delay”). We also searched Google Scholar by using the
same search terms. We did not apply any language or publica-
tion date restrictions.

The evidence for paediatric oncology is limited, mostly of
single institutional or regional nature, and capturing only the
period of the first pandemic wave. Current literature suggests
geographical or institutional differences in the effects of the
COVID-19 pandemic on childhood cancer diagnosis and care.
While no reduction in the number of children diagnosed with
cancer was seen in Greece, substantially fewer paediatric can-
cer diagnoses were observed in Milan, Italy. A remarkable
decrease in leukaemia diagnoses but stable numbers of solid
tumours were observed in south-east Norway and in Massa-
chusetts, US, whereas a decrease in solid tumour cases but simi-
lar number of children diagnosed with leukaemia were seen in
the Bronx, New York, US. Two recent cross-sectional surveys,
evaluating the impact of the COVID-19 pandemic on paediatric
cancer care in parts of Africa and Asia and worldwide, found
significant delays in presentation and cancer care during the
first pandemic wave in numerous institutions worldwide. How-
ever, those results reflect only the situation of participating
institutions and capture only the first wave of the pandemic.

Added value of this study

The present study is the first comprehensive assessment of the
impact of the COVID-19 pandemic on paediatric oncology diag-
noses and provision of healthcare covering an entire country,
namely Germany, with its population of 13.5 million below the
age of 18 years. The assessment is based on nationwide high-
quality cancer registry data capturing the whole of the year
2020. The assessment is complemented by a qualitative survey
exploring perceptions of paediatric oncologists about the diag-
nostic process and delivery of healthcare during the pandemic.
Contrary to our apprehension, we found no decrease in newly
diagnosed childhood cancer cases in Germany during the
COVID-19 pandemic that would suggest missed or delayed
diagnoses. Rather, we found an unexpected remarkable
increase in incidence rates of childhood cancer, across all diag-
nostic groups and age strata. Findings from the qualitative sur-
vey indicated that diagnostic processes, timeliness of
diagnoses, and delivery of treatment among children with can-
cer was hardly affected during the pandemic despite the inter-
mittent strained situation in the German healthcare system and
the arduous pandemic precautionary measures imposed in Ger-
many during most of 2020. However, psychosocial supportive
care and non-urgent appointments such as long-term follow-
up care of survivors were markedly reduced during the lock-
down periods.

Implications of all available evidence

It is reassuring that we found no indications of missed or
delayed childhood cancer diagnoses in Germany throughout
2020. Neither did we find indications of severe adverse effects
on the diagnostic process and delivery of treatment among chil-
dren with cancer. Our observations from Germany are however
not generalizable to the situation in other countries and contin-
ued global effort to support timely paediatric cancer diagnoses
and care is warranted. Furthermore, it should be monitored
whether the COVID-19 pandemic-related social isolating peri-
ods during early childhood may in the long run increase the
incidence of childhood acute lymphoblastic leukaemia.

survival of childhood cancer exceeds 80% in Europe and most high-
income countries [2-4]. However, not all children benefit equally
from these improvements and survival varies widely by cancer type,
age at clinical onset, stage of disease (in solid tumours), and somatic
genetic lesions. Timely diagnosis is essential for good prognosis and
preventing advanced disease, which commonly requires more inten-
sive therapy and involves a higher risk of treatment-induced side and
late effects [5,6].

Following the outbreak of the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2; which causes coronavirus disease
2019 (COVID-19)) pandemic in early March 2020, wide-ranging pub-
lic health measures, social distancing policies and societal restrictions
were imposed across Europe and globally to mitigate the spread of
SARS-CoV-2 and to prevent overburdening the healthcare systems
with seriously ill COVID-19 patients. In many countries, healthcare
authorities advised hospitals and healthcare facilities to delay medi-
cal care for non-acute or not life-threatening conditions and to post-
pone cancer screenings whilst tackling the pandemic. According to a
report by the World Health Organization, healthcare services for non-
communicable diseases have been severely disrupted since the
COVID-19 pandemic began [7]. Indeed, an increasing body of institu-
tional but also nationwide and international evidence points towards
major detrimental effects of the COVID-19 pandemic on several areas
of healthcare including the provision of cancer care [8-14]. A remark-
able decline in new cancer diagnoses has been observed in a number
of European countries [8,10,12,13], the US [11] and Latin America
[14], and suggestive evidence for delayed diagnoses, fewer
acute admissions, and increases in cancer deaths has been noted
[8,9,12-14].

For paediatric cancer specifically, the few reports addressing the
impact of the COVID-19 pandemic suggest fewer newly diagnosed
paediatric cancers than expected, although observations are not fully
consistent. They range from an overall stable number of children
diagnosed with cancer [15], to substantially fewer diagnoses than
expected [16,17], to a decrease in some diagnostic groups or cancer
types but not in others [18-20]. These reports present however only a
snapshot of the impact of the COVID-19 pandemic on paediatric
oncology, limited by respectively small sample sizes of mostly insti-
tutional or regional data and capturing only the period of the first
pandemic wave. Results from two cross-national surveys [21,22]
among paediatric oncology units in parts of Africa and Asia and
worldwide indicate a global effect of the COVID-19 pandemic on pae-
diatric oncology care.

As of 16 March 2020, also in Germany extensive stay-at-home
policies, social distancing restrictions as well as the directions to
postpone elective surgeries, inpatient healthcare services and hospi-
talisations in response to the onset of the first wave of the COVID-19
pandemic were imposed, followed by a nationwide lockdown on 23
March. As of 27 April, the restrictions were gradually scaled back. The
second pandemic wave, starting from beginning of October [23],
involved substantially higher infection rates compared to the first
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wave. In consequence, a partial lockdown was imposed from 2
November with schools, kindergartens, and shops remaining initially
open. Finally, from 16 December due to worryingly high transmission
rates, increasing mortality rates and overwhelmed intensive care
units a stricter lockdown was imposed.

The indirect impact of the COVID-19 pandemic on cancer care and
timely diagnosis is of increasing concern. We therefore examined the
impact of the COVID-19 pandemic on the incidence, time of diagnosis
and delivery of healthcare among children with cancer in Germany
in 2020 as well as leverage points to strengthen healthcare for paedi-
atric cancer patients during the COVID-19 pandemic in Germany.

2. Materials and methods

To quantify the monthly number of diagnoses and estimate inci-
dence rates of childhood cancer during the COVID-19 pandemic, we
analysed newly diagnosed cases of childhood cancer reported to the
German Childhood Cancer Registry (GCCR) throughout 2020 in com-
parison to the number of cases in previous years. To investigate the
delivery of healthcare services for children with cancer in Germany
in 2020, we complemented the quantitative analyses with a qualita-
tive survey exploring the perceptions of paediatric oncologists of
diagnostic processes and delivery of treatment and follow-up care for
this patient group.

2.1. Study population and quantitative data collection

For the register-based part of this study, we identified incident
cases of primary cancers diagnosed in 0- to 17-year olds in Germany
in 2020 and in 2015-2019 (for comparison purposes) from the
GCCR. The GCCR was established in 1980 and is the nationwide pop-
ulation-based childhood cancer registry of Germany, monitoring
incident cases of all malignancies as well as non-malignant central
nervous system (CNS) tumours diagnosed in 0- to 17-year olds. On
average, approximately 2,250 incident cases are observed annually
[4] based on a population of about 13.5 million children below the
age of 18 years. The registration process is based on daily reporting
by all paediatric haematology-oncology units in Germany (the num-
ber of paediatric haematology-oncology units varied from 63 to 59
in 2015-2020) with completeness of registration estimated to
exceed 95% [4]. A close and well-functioning collaboration with the
German Society of Paediatric Oncology and Haematology, the scien-
tific association of all paediatric oncology professionals in Germany,
guarantees the coverage of virtually all cases. Although the GCCR
receives information on newly diagnosed cases on a daily basis, on
average 13.3% (ranging between 11.1% - 15.0% in the previous five
years) of all incident cases of a calendar year are only reported with
some delay in the subsequent calendar year. Only exceptionally
cases (2 — 2.5%) are reported after the subsequent calendar year. For
this study we used the most up-to-date status of the GCCR database
including late reports received by 15 March 2021. In 2015-2019
approximately 95% (ranging between 93.7% - 96.6%) of all incident
cases of a particular year had already been reported by 15 March of
the subsequent year.

We classified cancer diagnoses according to the International
Classification of Childhood Cancer Third edition (ICCC-3) [24] which
classifies tumours according to the IDC-O-3 nomenclature into 12
major diagnostic groups.

Annual population estimates by age were available from The
Federal Statistical Office [25]. As at time of analysis population
estimates for 2020 had not yet been available, we applied the pop-
ulation estimates of 2019 to 2020 based on a press release by The
Federal Statistical Office stating that population size did not
increase in 2020.

2.2. Qualitative data collection

Based on experience from previous research projects in similar
settings, we anticipated to reach theme saturation after approxi-
mately 10-12 qualitative surveys. We therefore invited 16 (27%) of
the 60 German paediatric haematology-oncology units to participate
in the survey, taking into account potential non-response. To capture
diverse perspectives, we purposefully sampled 16 units from differ-
ent geographical parts of Germany and of different size but with at
least 100 paediatric oncology patients treated during 2015 — 2019.

To gather personal perspectives of the heads of paediatric haema-
tology-oncology units, the survey comprised open-ended questions
on (i) the diagnostic process and timeliness of diagnosis for children
with suspected cancer, (ii) the delivery of healthcare for children
with confirmed cancers including the provision of psychosocial sup-
portive care and overall changes in structures and processes of
healthcare provision in response to the COVID-19 pandemic, and (iii)
potential leverage points to ensure high-quality care during the pan-
demic. In December 2020, we approached the heads of the selected
paediatric haematology-oncology units by email and invited them to
participate in our study by completing the digital survey. In case we
did not obtain any response, up to two reminders were sent. In total,
twelve completed surveys were received by 19 January 2021
(response rate: 75%) which were all included in the qualitative con-
tent analysis.

2.3. Statistical and qualitative analyses

Absolute numbers of newly diagnosed childhood cancer cases for
each month of the year 2020 were compared to the counts of the pre-
vious five years (2015—2019) for the respective month. We used the
database of the GCCR as of 15 March 2021 and as of 15 March of the
years 2016 to 2020 for the comparison with 2015-2019 (in order to
avoid bias). The population size and age distribution was virtually
stable for O- to 17-year olds for the past five years [25]. Separate anal-
yses were conducted for leukaemias (ICCC-3 Group I), lymphoid leu-
kaemias (ICCC-3 Group la), lymphomas (ICCC-3 Group II), tumours of
the central nervous system (CNS; ICCC-3 Group III), and the combined
group of non-CNS solid tumours (ICCC-3 Group IV-XII), as well as by
age at diagnosis (groups: <1, 1-4, 5-9, and 10-17 years). We were
specifically interested in investigating differential impacts of the
COVID-19 pandemic during the first lockdown (16 March — end of
April 2020), the inter-lockdown period (beginning of May — 1
November 2020), and the second lockdown (2 November — end of
2020); hence we show data by month and by — roughly — lockdown
period (January-February, March-April, May-October, November-
December).

Furthermore, we compared the incidence rate of childhood cancer
in 2020 to the mean incidence rate in the previous five years; the
incidence rates for 2015-2019 included all cases reported in the
respective year or the subsequent year. We estimated age-standar-
dised incidence rates (to the Segi 1960 World Standard Population
[26] (ASR)) per 1,000,000 children together with 95% confidence
intervals. To take into account different hypothetical scenarios in
relation to the number of additional cases diagnosed in 2020 but
reported only later in 2021, we i) estimated the ASR based on the
database of the GCCR as of 15 March 2021 considering no additional
cases due to late reporting after 15 March 2021, ii) used the database
of the GCCR as of 31 December 2020 and estimated the ASR by adding
the minimum proportion of additional cases (by diagnostic group)
observed in 2015-2019, and iii) used the database of the GCCR as of
31 December 2020 and estimated the ASR by adding the mean pro-
portion of additional cases (by diagnostic group) observed in 2015-
2019. To enable international comparisons, ASRs were calculated for
two different age ranges: for childhood cancer diagnosed between
ages 0 to 17 years and 0 to 14 years. ASRs were calculated for the
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same diagnostic groups as specified above. To examine whether
changes in incidence rates varied among geographical regions of Ger-
many, we performed additional analyses stratified by region (North-
ern, Western, Eastern and Southern Germany).

The statistical software SAS, version 9.4, was used for data man-
agement and statistical analyses.

We used qualitative content analysis to analyse the responses to
the open-ended survey questions. Two researchers (MW: female,
cancer epidemiologist with training in public health and epidemiol-
ogy and ME: male, head of a research group on paediatric health serv-
ices research and paediatrician with training in qualitative research
methods and biostatistics) analysed all responses independently. To
ensure that all emerging themes were captured we coded text seg-
ments inductively and derived main themes from the data. Discrep-
ancies were discussed by MW and ME and were resolved by
consensus. We used Microsoft Excel to organise coded segments.

Reporting in this manuscript is based on the STROBE statement
[27] and the COREQ guidelines [28].

2.4. Role of the funding source
There was no funding source for this study.
3. Results

During 2020, 2,482 children and adolescents were newly diag-
nosed with cancer and reported to the GCCR by 15 March 2021.
Figs. 1 and 2 present the number of cases diagnosed in 2020 by calen-
dar month in comparison to the average, minimum and maximum
number of childhood cancer cases for the respective month in 2015
— 2019; Supplemental Figures 1 and 2 show the number of cases by
the different lockdown periods as described in the Material and
Methods section. For all childhood cancers combined in all months
but May the 2020 numbers exceeded the respective monthly aver-
ages of the previous five years, in nine months (January, February,
June to December) the 2020 numbers even exceeded the maximum
number of the respective month of the previous five years. This pat-
tern was broadly consistent across diagnostic groups (Fig. 1) and age
strata (Fig. 2), albeit with stronger variations due to smaller sample
sizes. The particular high number of newly diagnosed cases seen for
January, i.e. before the pandemic had arrived in Germany, was pre-
ceded by a deficit of newly diagnosed cases in December 2019 (data
not shown), possibly related to the early Christmas break in Germany
in 2019 and postponed completion of some diagnostic procedures in
January 2020.

The estimated ASRs indicated markedly higher incidence rates of
childhood cancer, overall and across individual diagnostic groups, in
2020 compared to the rates in previous years (Table 1). Even when
applying the most conservative scenario of no additional cases due to
late reporting after 15 March 2021, the ASRs were seven to eleven
percent higher than those observed in 2015-2019. When applying
the hypothetical scenarios of either adding the minimum proportion
of additional cases observed in 2015-2019 or the mean proportion of
additional cases in 2015-2019, the estimated ASRs of 2020 were sub-
stantially higher than those in 2015-2019. This applied to ASRs of all
childhood cancers combined at ages 0 to 14 years and 0 to 17 years
as well as across diagnostic groups for both age ranges (Table 1).
Additional analyses by geographical region showed largely similarly
increased incidence rates of childhood cancer across Germany, with
the increase being somewhat less pronounced in Southern Germany
(Supplemental Table 1).

The survey respondents described largely no or no severe delay in
presentation, diagnostic procedures and start of cancer treatment but
a heterogeneous picture of mild disruptions to the delivery of health-
care services across place and time. While some of the participating
haematology-oncology units reported hardly any negative impacts

on healthcare delivery, other units described multidimensional dis-
ruptions ranging from limited psychosocial support to increased
administrative burden. Disruptions seemed to differ between the first
and the second lockdown, and the inter-lockdown period. While
some units noted more pronounced disruptions during the first lock-
down, disruptions were reported to be less severe during the second
lockdown and the inter-lockdown period when structures and pro-
cesses had been adapted after the first lockdown. The main themes
identified in the qualitative content analysis are reported in Table 2.

Overall, respondents perceived stable numbers of children with
suspected or confirmed cancer diagnosis. Minor delays in diagnostic
work-ups were only reported for few haematology-oncology units
(Table 2). Respondents suggested that these were partly caused by
delayed appointments with primary care paediatricians, limited
capacity for diagnostic work-ups at tertiary care facilities, and pre-
cautionary measures such as mandatory SARS-CoV-2 testing prior to
diagnostic procedures. While the responses suggested timely admin-
istration of cancer treatment, psychosocial supportive care like music
therapy and non-urgent appointments such as long-term follow-up
of survivors were markedly reduced in some units during the lock-
downs. Several other changes in healthcare delivery related to the
COVID-19 pandemic, such as restricted access for individuals accom-
panying patients, increased administrative and logistic workload for
clinical staff or the expansion of digital services like telemedicine are
summarised in Table 2.

Several leverage points to ensure high-quality care for children
with cancer during the COVID-19 pandemic were identified (Table 2).
These included structural changes such as larger facilities to imple-
ment isolation measures as well as changes in processes like the con-
sistent implementation of hygiene measures at the hospital level.

4. Discussion

Contrary to our apprehension, we found no decrease in newly
diagnosed childhood cancer cases in Germany during the COVID-
19 pandemic that would suggest missed or delayed diagnoses, sub-
sequently leading to more advanced stage cancers requiring more
intensive treatment which often involves a higher risk of adverse
side and late effects. Rather, we found an unexpected considerable
increase in incidence rates of childhood cancer, across all diagnos-
tic groups, age strata and geographical regions. This held even true
in the most conservative scenario of no additional cases due to late
reporting after 15 March 2021. Findings from the qualitative sur-
vey indicated that diagnostic processes, timeliness of diagnosis,
and delivery of treatment among children with cancer was hardly
affected during the pandemic despite the intermittent strained sit-
uation in the German healthcare system and the arduous pandemic
precautionary measures imposed in Germany during most of 2020.
The qualitative data suggested however that psychosocial support-
ive care and non-urgent appointments such as long-term follow-
up care of survivors were markedly reduced during the lockdown
periods.

For adults, an increasing number of reports demonstrated severe
detrimental effects from the COVID-19 pandemic on cancer diagnosis
and care, including a substantial reduction in cancer diagnoses [8-
14,16-18]. The evidence for paediatric oncology is limited and less
consistent, mostly based on single-centre studies, and covering only
the period of the first pandemic wave. While no reduction in the
number of children diagnosed with cancer was seen in Greece [15],
substantially fewer paediatric solid tumours diagnoses were
observed in Milan [17], Italy. A remarkable decrease in leukaemia
diagnoses but stable numbers of solid tumours were observed in
south-east Norway [19] and in Massachusetts, US [16], whereas a
decrease in solid tumour cases but a similar number of children diag-
nosed with leukaemia were seen in the Bronx, New York, US. Two
recent cross-sectional surveys [21,22], evaluating the impact of the
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Fig. 1. a-f: Absolute numbers of newly diagnosed childhood cancer cases (in 0 — 17 year olds) in 2020 by calendar months versus the average numbers of childhood cancer cases
during 2015—-2019. The whiskers display the respective minimum and maximum number of cancer cases by calendar month during 2015-2019. The comparison is given for all can-
cers combined (a), and separately for leukaemias (b), lymphoid leukaemias (c), lymphomas (d), tumours of the central nervous system (e) and solid tumours other than in the cen-
tral nervous system (non-CNS solid tumours) (f). Diagnostic groups and cancer types were defined according to the International Classification of Childhood Cancer — 3rd version
(ICCC-3). The group of non-CNS solid tumours includes ICCC-3 diagnostic groups IV to XII (IV. Neuroblastoma and other peripheral nervous cell tumours, V. Retinoblastomas, VI.
Renal tumours, VII. Hepatic tumours, VIII. Malignant bone tumours, IX. Soft tissue and other extraosseous sarcomas, X. Germ cell tumours, trophoblastic tumours, and neoplasm of
gonads, XI. Other malignant epithelial neoplasms and melanomas, and XII. Other and unspecified malignant neoplasms).

COVID-19 pandemic on paediatric cancer care in parts of Africa and
Asia and worldwide, found significant delays in presentation and
cancer care during the first wave in numerous institutions world-
wide, pointing towards a global effect of the COVID-19 pandemic on
paediatric oncology care. From this international perspective, Ger-
many came overall well through the first wave;[23] albeit we noted
somewhat lower numbers of newly diagnosed paediatric cancer
cases during spring in comparison to the rest of the year. However,
even during those months numbers did never fall below the mini-
mum of diagnoses of the previous five years. Early imposition of pan-
demic precautionary measures and subsequently lower SARS-CoV-2
transmission rates in Germany in comparison to some other coun-
tries may have contributed to ensuring prompt access to paediatric
oncological care also during the pandemic waves. Moreover, in Ger-
many, a country with a well-functioning public healthcare system, all

citizens have universal and equal access to essential healthcare serv-
ices including cancer care, irrespective of a families’ economic situa-
tion. In contrast to other countries, the German healthcare system
does not involve a gatekeeper function to secondary care through
general practitioners, but most children receive primary healthcare
from paediatricians. Healthcare services provided by paediatricians
may have been less affected by the COVID-19 pandemic than the
services by general practitioners, thus potentially explaining the mild
disruptions in diagnosis and healthcare delivery for children with
suspected cancers as also suggested by some survey respondents.
Remarkable are however the particularly high numbers of leukaemia
and lymphoma diagnoses in July and August, which may on the other
hand indeed speak for a small effect of catching up with diagnoses
that had been somewhat delayed due the lockdown period in March
and April.
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Fig. 2. a-d: Absolute numbers of newly diagnosed childhood cancer cases (in 0 — 17 year olds) in 2020 by calendar months and age at diagnosis (<1 year (a), 1-4 years (b), 5-9 years
(c), 10-17 years (d)) versus the average numbers of childhood cancer cases during 2015-2019. The whiskers display the respective minimum and maximum number of cancer cases

by calendar month during 2015-2019.

Table 1

Estimated age-standardised incidence rates of childhood cancer (ages 0 — 14 years and 0-17 years) in Germany in 2020, applying different hypothetical

scenarios of additional cases due to late reporting.

0-14 years

0-17 years

ASR' per 1,000,000 [95% CI]

ASR' per 1,000,000 [95% CI]

2015-2019°  2020(SI)*  2020(SI)® 2020 (SHI®  2015-2019°  2020(S*  2020(SI)° 2020 (SHI)®
All cancers? 172.9 186.0 192.8 1975 1713 1858 193.0 198.0
[169.4-176.4] [178.0-194.2] [184.6-201.1] [189.2-205.9] [168.2-174.5] [178.5-193.2] [185.6-200.6] [190.5-205.7]
Leukaemias 552 612 623 638 515 56.9 57.9 59.4
[53.2-57.2]  [56.7-66.0]  [57.7-67.1]  [59.1-68.7]  [49.8-53.3]  [52.9-61.1]  [53.8-62.1]  [55.3-63.7]
Lymphoid leukaemia ~ 43.1 479 47.7 489 39.2 434 433 443
[414-449] [438-521] [436-519] [44.8-53.1] [37.7-408] [39.9-47.1]  [39.8-469]  [40.8-48.0]
Lymphomas 212 234 229 234 26.1 29.1 28.8 29.7
[20.0-224]  [20.7-263]  [202-25.7]  [20.7-263]  [249-27.3]  [264-320]  [26.1-31.7]  [27.0-32.7]
CNS tumours 413 443 480 50.2 393 425 46,5 484
[39.6-430]  [405-483]  [44.0-522] [46.1-544] [37.8-409] [39.1-46.1]  [429-502]  [44.8-522]
Non-CNS solid tumours 55.2 57.0 58.5 60.3 544 57.2 589 60.7
[53.2-57.3]  [52.6-61.6]  [54.0-632] [55.8-65.0] [52.6-56.2]  [53.2-614]  [54.8-632]  [56.6-65.1]

T ASR: age-standardized incidence rate (using Segi World Standard Population) per 1,000,000 person-years.
2 Diagnostic groups defined using the International Classification of Childhood Cancer Third edition (ICCC-3). The group of non-CNS solid tumours
includes ICCC-3 diagnostic groups IV to XII.
3 Age-standardized incidence rate per 1,000,000 person-years in 2015-2019. Incidence rates for 2015-2019 included all cases reported in the respec-

tive year or the subsequent year, cases reported only after the subsequent calendar year were neglected.

4 Scenario I: considering no additional cases due to late reporting after 15 March 2021.

5 Scenario II: considering the minimum proportion of additional cases due to late reporting (by diagnostic group) observed in 2015-2019. The mini-
mum proportion of additional cases due to late reporting for childhood cancer at ages 0-14 years amounted to 12.5% for all cancers combined, 6.1% for
leukaemias, 3.3% for lymphoid leukaemias, 10.4% for lymphomas, 20.1% for 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 0-17 years amounted to 12.5% for all cancers combined, 6.1% for leukaemias, 3.3%
for lymphoid leukaemias, 8.8% for lymphomas, 21.2% for CNS tumours and 13.0% for non-CNS solid tumours.

6 Scenario IlI: considering the mean proportion of additional cases due to late reporting (by diagnostic group) observed in 2015-2019. The mean pro-
portion of additional cases due to late reporting for childhood cancer at ages 0-14 years amounts to 15.2% for all cancers combined, 8.7% for leukaemias,
5.9% for lymphoid leukaemias, 13.1% for lymphomas, 25.5% for CNS tumours and 16.1% for non-CNS solid tumours. The mean proportion of additional
cases due to late reporting for childhood cancer at ages 0-17 years amounts to 15.4% for all cancers combined, 9.0% for leukaemias, 5.8% for lymphoid
leukaemias, 12.2% for lymphomas, 26.2% for CNS tumours and 16.4% for non-CNS solid tumours.
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Table 2

Main themes of the qualitative content analysis: diagnostic process, timeliness of diag-
nosis and delivery of healthcare among paediatric cancer patients as well as leverage
points to strengthen services during the COVID-19 pandemic.

i Diagnostic process/ timeliness of diagnosis

Stable numbers of children with suspected or confirmed cancer diagnosis; in

contrast to substantial drops in children with minor conditions in some pae-

diatric departments

- Rare delays due to delayed presentation at primary care paediatricians

- Prompt referral by primary care paediatricians to tertiary care facilities in
case of suspected malignancies

- Minor delays in diagnostic work-up in few haematology-oncology units par-

ticularly for malignancies requiring complex diagnostic procedures

Several reasons for delayed diagnostic work-up such as limited capacity for

MRI and anaesthesia or precautionary measures such as mandatory SARS-

CoV-2 testing prior to diagnostic procedures

ii Delivery of healthcare for children with cancer

Timely cancer treatment

Limited psychosocial supportive care such as clown doctors or music therapy

- Reduced number of non-urgent appointments such as long-term follow-up
care

- Restricted access for individuals accompanying patients and visitors

Increased administrative and logistic workload for clinical staff due to man-

datory SARS-CoV-2 testing in patients, regular symptom checks or cancella-

tion and deferral of appointments

(Relative) staff shortage due to absence of staff and in light of the increased

workload

Shortage of space to implement isolation measures

Implementation and expansion of digital services such as telemedicine, vir-

tual tumour boards or video conferences

Leverage points to ensure high-quality health care for children with cancer

during the pandemic

Increased number of well-trained staff, particularly in overstrained areas

such as anaesthesia or home care

Increased number of nursing staff/improved nurse-patient ratio

Reintroduction of paediatric nursing as a specialised track in nursing

education

Better working conditions in healthcare

- Larger facilities to better implement hygiene measures and to isolate SARS-
CoV-2 positive patients

- Thorough implementation of SARS-CoV-2 related hygiene measures at the

hospital level

Expansion of digital services such as telemedicine, virtual tumour boards or

video conferences

i

To our surprise, contrary to our a priori concerns of a decrease,
childhood cancer incidence and numbers were markedly increased in
2020 compared to the five preceding years. The underlying reasons
remain speculative at this point but are unlikely to reflect an immedi-
ate increase in the actual occurrence of paediatric cancers. Although
the increased number of new cases seen for January is likely an effect
of slightly delayed diagnoses due to the early Christmas break in Ger-
many in December 2019 (with postponement of some final diagnos-
tic procedures to January 2020), it is highly unlikely that delayed
diagnoses from 2019 or under-ascertainment of cases in previous
years explain the overall marked increase in incidence rates in 2020.
The GCCR has been registering childhood cancer cases for more than
40 years with virtually complete coverage. Moreover, estimated inci-
dence rates of the previous years from Germany were at a similar
level, if not even among the highest [4], compared to other European
countries, which provides evidence against under-ascertainment of
cases in Germany in previous years. We postulate that the increase in
incidence rates across diagnostic groups in Germany may reflect
enhanced parental attention to early disease symptoms in their child
as well as to enhanced attention of paediatricians due to the fear of
an infection with SARS-CoV-2, leading to earlier presentation, a
shorter diagnostic process and finally earlier diagnoses. Monitoring
the incidence of 2021 and subsequent years to assess any potential
rebound effect in incidence rates will confirm or refute this hypothe-
sis. If indeed earlier presentation and earlier diagnoses of

children with cancer fully explains the increase in incidence rates for
2020, incidence rates of 2021 may potentially drop up to the same
extent as they have increased in 2020 compared to the five preceding
years.

In the long run, the current COVID-19 pandemic with its stay-
at-home policy and social distancing measures may indeed have
implications for the incidence of childhood acute lymphoblastic
leukaemia (ALL), the most common malignancy in children. The
role of the immune system and exposures to infections in ALL
development is not fully understood but it has been hypothesised
that a lack of immune system stimulation in early life may increase
the risk of B-cell precursor ALL, resulting from an abnormal reac-
tion to common infections by an immature and unchallenged
immune system later in childhood [29]. The closure of nurseries,
kindergartens, and schools, as well as other social distancing meas-
ures, have certainly removed young children at these critical ages
from training of the immune system to common infections [30].
This scenario is at present incompatible with our observation of an
increase in incidence rates that is neither diagnosis- nor age-spe-
cific. Such an effect would however not emerge overnight but
rather impact future ALL incidence rates.

4.1. Strengths and limitations

A significant strength of this study is its design, combining quanti-
tative and qualitative methods. The study is the first assessment of
the impact of the COVID-19 pandemic on incidence rates of child-
hood cancer based on nationwide high-quality cancer registry data
capturing the entire year 2020. Complementing the quantitative
results, the qualitative survey enabled a comprehensive exploration
of the multidimensional impacts of the COVID-19 pandemic on diag-
nostic processes and delivery of treatment and follow-up care.
Another strength relates to Germany as the study setting; this
includes the universal access to healthcare in Germany as described
above, the GCCR as one of the oldest and most complete population-
based childhood cancer registries worldwide, and the sizeable child-
hood population of 13.5 million, enabling meaningful analyses
despite the rare occurrence of cancer in children. A limitation con-
cerns the uncertain number of additional cases diagnosed in 2020
but only reported to the GCCR after 15 March 2021. We addressed
this limitation however by exploring several different scenarios of
extra cases due to late reporting when estimating the ASRs. Another
limitation is the lack of information about disease stage at diagnosis.
Analyses by stage could give important indications whether, for
example, the observed increase in cancer diagnoses was limited to
diagnoses of early stages.

5. Conclusions

While social distancing, stay-at-home policies, and other pan-
demic precautionary measures were implemented, cancer occur-
rence did not pause. It is reassuring that we found no indications of
missed or delayed childhood cancer diagnoses in Germany through-
out 2020. Neither did we find indications of severe adverse effects on
diagnostic processes, timeliness of diagnosis, and delivery of treat-
ment among children with cancer. Instead we observed a marked
increase in incidence; the underlying reasons are speculative but
may involve greater parental attention to early disease symptoms in
their child during the COVID-19 pandemic and hence more timely
healthcare consultations. Monitoring the incidence beyond 2020 to
examine any potential rebound effect in incidence rates or other tem-
poral patterns is therefore crucial. Moreover, it should be monitored
whether the COVID-19 pandemic-related social isolating periods
may increase the incidence of childhood ALL, a possible consequence
not detectable as early as in 2020.
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