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Background: Oncological care was considerably impacted by the COVID-19 pandemic. Worrisome declines in diagnostic
procedures and cancer diagnoses in 2020 have been reported; however, nationwide, population-based evidence is
limited. Quantiﬁcation of the magnitude and distribution of the remaining outstanding diagnoses is likewise lacking.
Methods: Using accelerated delivery of data from pathology laboratories to the Belgian Cancer Registry, we compared
the nationwide rates of new diagnoses of invasive cancers in 2020 to 2019.
Results: We observed a 44% reduction in total diagnoses of invasive cancers in April 2020 compared with April 2019,
coinciding with the ﬁrst wave of the COVID-19 pandemic. The reduction was largest in older patients and for skin
cancers (melanoma and nonmelanoma). Reductions in diagnosis were less pronounced among children and
adolescents (0-19 years). A smaller decline was observed for most cancers with typically poorer prognosis or
obvious symptoms, including some hematological malignancies, lung, and pancreatic cancer. Suspension of organized
population screening programs was reﬂected in a strong decline in diagnosis in the screening age groups for female
breast cancer (56%) and for colorectal cancer in both men (49%) and women (60%). The number of diagnoses
began to increase from the end of April and stabilized at the beginning of June at or just above 2019 levels. There
has yet to be a complete recovery in cancer diagnoses, with an estimated 6%, or w4000 diagnoses, still
outstanding for all of 2020. Among solid tumors, head and neck cancers have the largest remaining year-over-year
decrease in diagnoses at 14%.
Conclusion: These results add to the evidence of a profound impact of the COVID-19 pandemic on oncological care and
identify groups at risk for continuing diagnostic delays. These data should stimulate health care providers worldwide to
facilitate targeted, accessible, and efﬁcient procedures for detection of cancers affected by this delay.
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INTRODUCTION
Following the necessary measures taken globally to counteract the spread of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), concerns were raised about the
impact of these measures on timely cancer diagnosis.
Studies looking at the use of speciﬁc diagnostic modalities
or ﬁrst referrals for oncology services alerted to a potential
inﬂuence of the COVID-19 pandemic on cancer detection.1-9
Likewise, single-center and multicenter studies, and
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population-level studies focused on speciﬁc tumor types
have reported declines in numbers of cancer diagnoses.1,2,7,9-15 Evidence from large-scale studies quantifying these declines on a population level is limited. Two
nationwide studies, from the Netherlands16 and Denmark,17
reported declines in the overall number of cancer diagnoses
in March 2020 and March to May 2020, respectively. Little is
known about the magnitude of the diagnostic decline in
younger age groups and pediatric populations, or the distribution of the declines over subgroups of heterogenous
cancer types, especially between the different categories of
hematological malignancies.
The ﬁrst conﬁrmed case of COVID-19 in Belgium, a
country with a population of 11.5 million inhabitants,
occurred on 4 February 2020.18 On 14 March 2020, all
consultations, medical tests, and interventions deemed
‘non-essential’ were temporarily halted. Additionally, organized population screening programs for female breast
https://doi.org/10.1016/j.esmoop.2021.100197
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cancer, cervical cancer, and colorectal cancer were suspended in the week of 16 March 2020 and only resumed
from mid-May 2020. In early July 2020, pathologists reported that markedly fewer samples were submitted to
pathology laboratories, particularly noting a decrease in
samples related to cancer screening.19
Mandatory reporting of all cancer diagnoses in Belgium20
by oncological care programs and pathology laboratories, in
combination with compulsory health insurance for all residents, virtually eliminates selection bias in the data
collected by the Belgian Cancer Registry. The Belgian Cancer
Registry is estimated to be 95% complete for diagnoses
made from 2004 onwards,21 and these data have been used
in global studies of cancer epidemiology.22-24 In this study,
we tracked the number of new cancer diagnoses from
January through December 2020, relative to 2019. Our results cover the ﬁrst wave of the COVID-19 pandemic in
Belgium, marked by strict conﬁnement measures; the subsequent months following the softening of restrictions, with
numerous campaigns to encourage patients to consult a
physician if they had symptoms, and the restoration of
‘non-essential’ health care; and ﬁnally, the second wave of
the pandemic. We provide a population-level quantiﬁcation
of the reduction in diagnosis in 2020 by type of tumor. We
also examine the distribution of the decline over various
age groups, examining COVID-19 high-risk age groups,
younger adults, and pediatric and adolescent populations,
and we make a speciﬁc investigation for screening age
groups for female breast cancer and colorectal cancer.
METHODS
In 2020, registration of new cancer diagnoses by pathology
laboratories was expedited, to allow for rapid analysis of the
impact of COVID-19. These laboratories generate data on the
localization, behavior, and histological diagnosis of a tumor,
based on the results of all types of samples analyzed. Only
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diagnoses of invasive tumors were included in this analysis.
Data from oncological care programs are delivered to the
Belgian Cancer Registry at a later time (6 months after year
of incidence) and were, therefore, not available for 2020 at
the time of this study. Without clinical data from oncological
care programs, stage at diagnosis could not be assessed.
Patients with a history of invasive cancer on 31 December
of the preceding year were excluded from analysis. Per
invasive tumor diagnosis, the date of the ﬁrst sample was
taken as the incidence date. If a patient had multiple tumors within the same organ group, only the ﬁrst invasive
tumor was included in the analysis. Patient age was
determined on the date of the ﬁrst sample. For 2019, the
analysis was likewise limited to data from pathology laboratories and the same methods were applied. To avoid any
artifacts that might be generated by limiting the analysis to
data delivered by the pathology laboratories, as well as to
smooth ﬂuctuations in diagnosis due to annual holidays, all
results are reported as a ratio of the number of diagnoses
reported by pathology laboratories in 2020 compared with
2019. For estimates of absolute numbers of missing tumors,
the percentage decline estimated based on reports from
pathology laboratories in 2020 versus 2019 is multiplied by
the true incidence in 2018, based on registrations from both
pathology laboratories and oncological care programs. A 14day moving average was calculated using the 7th day of the
period as the date reported. January and February 2020,
before the COVID-19 crisis in Belgium, serve as baseline
months, when the ratio of diagnoses in 2020 compared
with 2019 oscillated around baseline (0% change). This is
the result that would be expected, indicating that the 2020
database can be regarded as complete. Analyses of all
cancers together exclude nonmelanoma skin cancer. In
addition, analyses were carried out separately for a selection of tumor types, including nonmelanoma skin cancer.
Larger time frames are used for analyzing types of hematological malignancies due to smaller absolute numbers.
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Figure 1. Two-week moving average of the change in new invasive cancer diagnoses in Belgium from January to December 2020 relative to January to December 2019.
Nonmelanoma skin cancer is excluded from this analysis.
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Figure 2. Decline in the number of new cancer diagnoses in Belgium by age group in 2020 relative to 2019.
Nonmelanoma skin cancer is excluded from this analysis.

diagnoses was observed overall. Over the whole of 2020
(January-December), 6% of diagnoses were still not made.
The decline in cancer diagnoses in April 2020 was more
pronounced in the oldest patient populations (48% decline
for patients aged 80 years), whereas for children and
adolescents (0-19 years of age), the decline was limited to
12% (Figure 2). The second wave in November 2020 primarily impacted the group aged 80 years, where the
decline in diagnosis was 16%. The largest remaining declines
were seen in the older populations; particularly in the group
aged 80 years, a decline of 10% persisted. The number of
diagnoses in children and adolescents in all of 2020 was 4%
lower compared with 2019.
We found a more pronounced decline in diagnoses of
cancers with typically a good prognosis25 (Figure 3). Overall,
the largest declines observed in April 2020 were seen for
nonmelanoma skin cancer (65%), melanoma (60%), and
prostate cancer (57%), whereas the smallest initial declines

RESULTS
Before the COVID-19 pandemic in Belgium, in January and
February 2020, the overall number of diagnoses for all
invasive tumors (excluding nonmelanoma skin cancer) was
comparable to 2019 (Figure 1). From mid-March, a steep
decline in cancer diagnoses was observed. This decline was
largest in April 2020, during which diagnosis of invasive
tumors (excluding nonmelanoma skin cancer) decreased by
44% compared with April 2019. This coincides with the ﬁrst
wave of the COVID-19 pandemic in Belgium (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2021.100197). Cancer diagnoses then began to recover
from the second half of April 2020, reaching 2019 levels by
the beginning of June, and remained stable throughout the
rest of the summer and early autumn. Some excursions
above 2019 levels were observed, indicating a beginning
rebound in the number of diagnoses. During the second
wave of the pandemic, in November 2020, a small 2% dip in
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Figure 3. Decline in number of new cancer diagnoses by tumor type in Belgium in 2020 compared with 2019.
a
Skin indicates nonmelanoma skin cancers.
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Hematological malignancies are further divided in Figure 5.
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were observed for pancreatic cancer and cervical cancer
(13%). By the end of 2020, <10% of diagnoses were
outstanding for most tumor types. A decline of only 2%
persisted for lung cancer and 4% for pancreatic cancer.
However, for head and neck cancers, a 14% decrease persisted. For cervical cancer, we found an 11% increase in
overall diagnoses in 2020 relative to 2019.
A large decline in diagnoses was observed for female
breast cancer and colorectal cancer, particularly in the age
groups targeted by organized population screening programs. In April 2020, female breast cancer diagnoses in the
screening population (age 50-69 years) declined by 56%
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2021.100197). Compared with the population not targeted by screening, the decline in diagnoses

persisted longer for the screening population, with recovery
only beginning from the end of May and reaching baseline
levels around August (Figure 4A). This correlates with the
resumption of screening activities. Breast cancer diagnoses
rebounded, with only 6% of diagnoses missing by the end of
2020 (Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2021.100197) in the screening population, which was equivalent to the general population
(Figure 1). A similar trend was observed for colorectal
cancer (Figure 4B), with an initial decline in April 2020 of
54% (49% male, 60% female) in the screening population
(age 50-74 years; Supplementary Figure S2, available at
https://doi.org/10.1016/j.esmoop.2021.100197), and a
rebound lagging behind the trend for the population not
targeted by screening until July. This rebound resulted in
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Figure 4. Two-week moving average of the change in new breast (female) and colorectal cancer diagnoses in Belgium from January to December 2020 relative to
January to December 2019 in screening and non-screening populations.
(A) Breast cancer diagnoses. (B) Colorectal cancer diagnoses.
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Figure 5. Decline in number of new diagnoses of hematological malignancies in Belgium in 2020 compared with 2019.
DLBCL, diffuse large B-cell lymphoma; NK, natural killer.

12% (14% male, 9% female) outstanding diagnoses in the
screening population at the end of 2020 (Supplementary
Figure S2, available at https://doi.org/10.1016/j.esmoop.2
021.100197) compared with 11% in the general population (Figure 1).
All hematological malignancies together had an initial
decline of 46% in April 2020 recovering to 6% by the end of
2020. However, hematological malignancies are heterogenous and the initial decline and recovery in diagnoses
differed strongly by type of hematological malignancy
(Figure 5). The more indolent mature lymphoid B-cell
neoplasms (i.e. mature B-cell leukemias, plasma cell neoplasms, and low-grade B-cell lymphomas) showed the
largest decreases, with no or very limited rebound during
June-September 2020, between the two waves of the
pandemic. On the contrary, no obvious impact (1%) was
observed for the most aggressive mature B-cell lymphomas
[i.e. diffuse large B-cell lymphoma (DLBCL), Burkitt lymphoma, and other high-grade lymphomas] in March-May
2020, with a 3% decline over the whole year, mostly
observed in the older population (7% decline over the
whole year in patients aged 65 years with a profound
initial decline in diagnosis of 33% in March-May 2020
observed in the patients aged 80 yearsddata not
shown). For the other lymphoid neoplasms [Hodgkin and
mature T-cell/natural killer cell (T/NK cell) lymphomas], the
initial declines observed during the ﬁrst wave (March-May)
were compensated by rapid recoveries during JuneDecember 2020. The decline of chronic myeloid neoplasms (mostly myelodysplasia and myeloproliferative
neoplasms) and of precursor neoplasms (mainly acute
lymphoid and myeloid leukemias) was limited to 5% and
6%, respectively, for the whole year 2020. However, the
results for the latter two categories, the diagnoses of which
usually require clinical biology analyses, should be interpreted with caution due to the indirect estimation based
on pathology data (Figure 5).
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DISCUSSION
Cancer diagnoses dropped by almost half in April 2020,
coinciding with the ﬁrst wave of the COVID-19 pandemic in
Belgium. While Belgium registered high numbers of deaths
attributed to COVID-19 (with or without PCR conﬁrmation),
excess mortality during the ﬁrst wave of the COVID-19
pandemic was comparable to average levels for Europe.26
Despite the varied impact of the pandemic and the diversity of conﬁnement measures to slow the spread of
COVID-19 around the world, single-center and multicenter
studies, from Italy,5,15 Germany,13 Austria,12 Slovenia,9
Poland,2 Spain,11 the UK,1 and the USA,3,4,6,14 as well as
nationwide,
population-level
studies
from
the
Netherlands16 and Denmark,17 all support a global decline
in cancer diagnosis during the early stage of the pandemic.
The scarcity of large, population-based studies on cancer
diagnoses during the pandemic, to date, is presumably
linked to delays in data collection. Population-based cancer
registries play a critical role in cancer control and surveillance27,28 and are at the forefront of monitoring cancer care
on a large scale with minimal selection bias. In times of
crisis, such as the COVID-19 pandemic, when enormous
pressure is placed on health care systems, the need for
prompt data collection is emphasized.29 For this study, the
Belgian Cancer Registry was able to obtain data with only a
delay of 2-3 months, due to expedited registration from
pathology laboratories in Belgium. This has been critical in
encapsulating the impact of this health care crisis. Rapid
registration will also be necessary for informing the implementation of strategies to efﬁciently capture missing cancer
diagnoses and monitor the success of these efforts.
Our data demonstrate that the rate of diagnosis of
invasive tumors returned to baseline levels (i.e. comparable
to 2019) by early June 2020, and remained relatively stable
thereafter. The second wave of the COVID-19 pandemic in
Belgium in November 2020 had a limited impact on
https://doi.org/10.1016/j.esmoop.2021.100197
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diagnosis, with only a 2% decline. As in Belgium, the
Netherlands and Northern Ireland saw marked declines in
diagnoses in the ﬁrst wave of the COVID-19 pandemic.16
Compared with Belgium, the Netherlands report a smaller
percentage decline in diagnoses by the end of 2020, which
is largely restricted to colon and breast cancer,30 while reports from Northern Ireland show relatively higher rates of
outstanding diagnoses.31 In the whole of Belgium, there
were 6% fewer invasive tumors diagnosed for 2020
compared with 2019dequivalent to w4000 invasive tumors. However, absolute incidence of all invasive cancers
(excluding nonmelanoma skin cancer) was projected to increase in Belgium by 1.6% in 2020 relative to 2019.32,33 As
such, the relative decline of 6% for 2020 compared with
2019 likely underestimates the true number of missing expected diagnoses in 2020. The 8% decline in diagnosis of
melanoma in 2020 relative to 2019 (equivalent to w265
tumors) is particularly concerning, since melanoma was
projected to have one of the largest increases in diagnoses
(4.2%) in 2020 relative to 2019.32,33
While the ﬁrst wave of the COVID-19 crisis had a profound impact on the rate of diagnosis of invasive tumors,
the effect of the second wave was more limited (Figure 2
and Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2021.100197). During the ﬁrst
wave, all non-essential health care services were halted
nearly a month before the peak of the wave to prevent
spread of SARS-CoV-2 and to divert resources to the care of
COVID-19 patients. As more became known about the
transmission of SARS-CoV-2, structural changes were made
in hospitals and private practices to prevent the spread of
SARS-CoV-2. This allowed for restoration of services shortly
after the ﬁrst wave and continuity of care during the second
wave of the pandemic. Although a small number of hospitals in Belgium brieﬂy had to limit non-essential procedures
that required in-patient hospital care in order to have
enough resources to treat COVID-19 patients during the
second wave, efforts were made to maintain diagnostic
services at normal levels.
Following initial indications of declines in cancer diagnosis
in the ﬁrst half of 2020, patient groups, government, and
professional organizations of physicians, as well as the
Belgian Cancer Registry, alerted the public to the necessity of
timely consultation for symptoms. This likely contributed to
the recovery of diagnostic rates, particularly for cancers that
have more conspicuous symptoms. Declines in cancer diagnosis were generally less pronounced for tumors with a
typically poorer prognosis25 or with more conspicuous
symptoms, and strong recoveries in diagnostic trends were
observed for several of these tumors including pancreatic
and lung cancers and mature T/NK cell lymphomas. Decline
in pancreatic cancer diagnosis in April 2020 was 13%, but this
recovered to 4%, or w85 missing diagnoses, for all of 2020.
Lung cancer initially showed a 33% decline in diagnosis in
April 2020, but recovered to just 2% under 2019 levels for all
of 2020, or an estimated 190 diagnoses outstanding. This
strong recovery may partly be explained by incidental ﬁndings of lung cancer in the course of a COVID-19 diagnostic
6
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work-up.34 The persistent decline for all hematological malignancies in 2020 remains within the range of invasive tumors (6% decline in 2020 versus 2019, or w470 outstanding
diagnoses), yet there is high heterogeneity between entities.
The largest persistent declines are observed for the more
indolent mature lymphoid neoplasms (w375 missing diagnoses at the end of 2020), while the effect was very
limited for the high-grade B-cell lymphoid neoplasms, with
the exception of the older population.
Head and neck tumors failed to show an encouraging
recovery, with 14% of diagnoses, equivalent to w380 tumors, still outstanding at the end of 2020. Analyses indicate
that the speciﬁc decline in oral cavity cancers was more
than twice that of all other head and neck cancers (data not
shown). Since dental practices play an important role in the
initial discovery of suspicious oral lesions, this decline may
be partially explained by the initial closure and continued
adapted services in dental practices. The necessity of close
contact with the patient’s face mask removed could
augment patients’ reluctance to attend regular dental
check-ups, for fear of contracting or spreading SARS-CoV-2.
Desire to reduce the use of aerosol-generating procedures,
such as upper gastrointestinal (GI) endoscopy, could also
contribute to the overall decline in head and neck cancer
diagnoses. In the UK, upper GI endoscopy was limited to the
most concerning cases, indicated by the increased percent
of upper GI endoscopy with positive ﬁndings, though the
absolute number of procedures was profoundly decreased.7
Head and neck cancers are also linked to socio-economic
status,35 and despite the availability of socialized health
care, the increased ﬁnancial burden of the COVID-19 crisis
might have disproportionately impacted groups with an
increased risk for these types of tumors.
Total diagnoses of solid tumors and hematological malignancies in children and adolescents were only mildly
affected by the COVID-19 crisis. Given the small number of
cancer diagnoses in children and adolescents, the absolute
number of missing diagnoses over the whole year is expected to be <20 tumors in the whole of Belgium for 2020.
Since COVID-19 is currently understood to be less prevalent,
cause milder disease, and have a better prognosis in children and young adolescents,36,37 barriers to accessing care
may have been smaller for these age groups. Symptoms of
cancers in children and adolescents may also be less likely
to be overlooked. However, a global survey of pediatric
cancer care noted reductions in suspected and diagnosed
new cancer cases in several countries with low, middle, and
high income.38 This survey also received reports of disruptions in surgical care, radiotherapy, and availability of
chemotherapy agents from a sample of countries at all income levels,38 indicating that, globally, children and adolescents are certainly not invulnerable to the impacts of
COVID-19 on cancer care.
The population aged 80 years consistently had the
largest decline in diagnosis, both for solid tumors and hematological malignancies, with a 10% decline (w1430 expected tumors) persisting over the whole of 2020. This age
group also showed a stronger impact of the second wave of
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the COVID-19 crisis in November 2020, while other age
groups were nearly unaffected. Given that this population is
also at high risk of complications from COVID-19, it is logical
that this group would be most reluctant to seek medical
attention. In Belgium in 2020, there were an estimated
19 441 deaths from COVID-19,39 >80% of which were in
patients aged 75 years. As such, it is possible that a
limited portion of the missing diagnoses in 2020 could be
attributed to patients who died from COVID-19 before a
diagnosis of invasive cancer was made. Hospitalized patients with solid cancer have a higher risk of dying from
COVID-19 compared with patients without cancer,40 so
COVID-19 patients with underlying, undiagnosed cancer
may also be at increased risk of dying.
In Belgium, organized screening programs for the general
population for breast, cervical, and colorectal cancer were
suspended during the ﬁrst wave of the COVID-19 pandemic.
For breast and colorectal cancer, we observed strong initial
drops in diagnoses, with a tendency towards a delayed recovery in the screening age groups compared with age
groups not targeted by screening. Outstanding diagnoses in
the screening age groups alone are estimated at 285 invasive breast tumors and 500 invasive colorectal tumors in
2020. In situ tumors and precursor lesions, which would
normally also be detected by organized population
screening programs, are not included in this estimate. The
criteria to deﬁne target groups for organized population
screening did not change from 2019 to 2020 and were not
inﬂuenced by the COVID-19 pandemic. For cancers in
organized population screening programs, a model of
diagnostic delays during the COVID-19 pandemic predicted
a 7.9%-9.6% increase in 5-year mortality for breast cancer
and a 15.3%-16.6% increase in 5-year mortality for colorectal cancer in a UK study.41 Likewise, models based on
delays in start of treatment at a single hospital in France
predict a 2.25% increase in 5-year mortality, with most
patients only having a delay to treatment of <7 days.42 As
such, further suspensions of cancer screening should be
avoided if possible. Interpretation of data pertaining to
cervical cancer is difﬁcult because of the small number of
invasive tumors; the observed overall 11% increase in
diagnosis corresponds to an estimated 65 additional diagnoses in 2020 relative to 2019. It is possible that this
comparatively young age group responded particularly well
to campaigns encouraging people with symptoms to consult
a medical professional and attend screening.
While the observed decline in diagnosis of invasive tumors
appears to have been a temporary phenomenon, largely
restricted to the ﬁrst wave of the COVID-19 pandemic in
Belgium, the recovery of these outstanding diagnoses is
ongoing, and some barriers to diagnosis persist. In the
beginning of the COVID-19 pandemic, an abrupt shift was
made in patient-care strategies, both in general practice and
in specialized centers,43 which hindered diagnosis. Telemedicine was introduced, and in-person visits were limited
to urgent, non-respiratory symptoms.43,44 Among general
practitioners in the Flemish region of Belgium, there is worry
that telemedicine, and even the necessary additional
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personal protective equipment at in-person visits, hinders
communication, particularly non-verbal communication,
which could lead to missed diagnoses if patients are unable
to adequately express their concerns.44 Furthermore, some
patients with alarming symptoms refused in-person visits for
fear of contracting COVID-19.44
A new and important challenge to the health care system
is timely treatment and quality support for patients whose
diagnosis was delayed during the COVID-19 pandemic.
Delayed diagnosis is expected to have a measurable effect
on patient morbidity and mortality and is particularly concerning for cancers that may (rapidly) progress to a higher
stage before being diagnosed. Models based on overall
cancer diagnoses in the UK predicted that, for patients
diagnosed with stage I-III cancer, an average 2-month delay
for 50% of referrals for diagnosis could result in a 6% increase in deaths within 10 years.45 A shift towards higher
stage at diagnosis increases the burden on both patients
and oncological care programs, as these high-stage cancers
may require more extensive treatment. If capacities for
oncological care are exceeded, excess burden could additionally exacerbate treatment delays and further impact
prognosis for the patient.
Conclusions
Our results demonstrate a profound decline in diagnosis of
invasive cancers and hematological malignancies in Belgium
in the beginning of the COVID-19 pandemic, which is only
partially and variably recovered by the end of 2020. These
data should stimulate targeted searches for outstanding
diagnoses in at-risk populations, particularly older patients
and those at higher risk of head and neck cancers, as well as
those patients overdue for participation in organized population screening programs. Time between diagnosis and
start of treatment should, where possible, be minimized to
avoid compounding the effects of delayed diagnosis. Trends
in stage at diagnosis, including in situ and precursor lesions,
as well as outcomes for patients diagnosed during the
COVID-19 pandemic in Belgium will be monitored by the
Belgian Cancer Registry over the coming months and years.
Quantiﬁcation of the impact of these delays in diagnosis on
patient outcomes can be used to inform decision making by
authorities during the continuation of this pandemic and
potential future crises.
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