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KEYWORDS Abstract Many countries had to suspend their colorectal cancer (CRC) screening pro-
Colorectal cancer gramme as a result of the COVID-19 pandemic. This eventually may lead to postponed diag-
screening; noses of premalignant lesions and CRC, resulting in increased incidence or more advanced
Covid-19; CRC:s rates. This study aimed to assess the impact of the COVID-19 pandemic on incidence
Suspension; and stage distribution of CRCs in the Netherlands, by monitoring CRC diagnoses and stage
Stage distribution; distribution in the months before, during and after the first COVID-19 wave. Data on inci-
Incidence dence and stage distribution of CRCs of individuals aged 55—75 years in 25 hospitals in the

Netherlands were extracted from the Netherlands Cancer Registry. The observed incidence
after the suspension (March 2020—December 2020) was compared to the expected incidence
in the same period. In the period April to June 2020, we observed the largest decrease in
the total incidence of CRC. We found that 48% of the decrease was due to stage I, 23%
due to stage II, 23% due to stage III and 5% due to stage IV. After gradually resuming
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screening mid May 2020, we observed an increase in CRC diagnoses from July 2020 onwards.
As of October 2020, the observed number of diagnoses was higher than the expected number.
As the decrease was mainly limited to stage I CRCs, it seems that the temporary suspension of
the CRC screening programme due to the COVID-19 pandemic will have a minimal long-term
impact on stage distribution and CRC mortality.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

In an endeavour to reduce the burden of colorectal
cancer (CRC), many countries implemented a CRC
screening programme [1,2]. The ultimate goal of CRC
screening programmes is to reduce the CRC morbidity
and mortality [3,4]. Countries with a long history of
successful screening programmes (i.e. high coverage and
participation) have indeed been effective in reducing
CRC-related incidence and mortality by detecting pre-
malignant lesions and CRC in an early stage [5].
Achieving these CRC screening goals have become
challenging in a pandemic-stricken world. Many coun-
tries, had to suspend their CRC screening programmes,
which eventually may lead to postponed diagnoses of
the premalignant lesions and CRCs, compromising the
incidence and mortality reduction in the long-term [6,7].

During the first COVID-19 wave, several countries
observed a decrease in cancer detection, as a result of
suspension of screening, as well as individuals with
symptoms avoided or delayed seeking medical care
[6,8—11]. The nationwide faecal immunochemical
testing (FIT)-based CRC screening programme in the
Netherlands was suspended from March till May 2020.
Informed by a modelling study, the Dutch government
decided to first invite those in the backlog by tempo-
rarily increasing the screening interval and expand the
screening colonoscopy capacity up to 120%.

A previous Dutch study showed that the COVID-19
pandemic had the largest impact on incidence of CRC
among those eligible for screening [12]. But long-term
impact on the CRC incidence of the chosen restart
CRC screening strategy in the Netherlands is unknown.
This study aimed to assess the impact of the COVID-19
pandemic on incidence and stage distribution of CRC in
the Netherlands.

2. Materials
2.1. Study period
In the Netherlands, the first COVID-19 case was

confirmed in the last week of February. The National
Institute of Public Health and Environment (RIVM)

decided to stop inviting individuals for CRC screening
from March 16, 2020. In the following two weeks
individuals were still able to return their FIT and/or
undergo a colonoscopy in case of a positive FIT. By the
end of March, individuals that already received an
invitation were informed to not return their FIT, but
wait until further notice. Two months later, in mid-May
2020, the screening invitations were gradually resumed,
starting with re-inviting the backlog, prioritising those
eligible for subsequent screening round (i.e. second,
third, and fourth rounds). June 1, 2020, new invitations
were sent to the target population.

2.2. Dataset and study population

Data on incidence and stage distribution were extracted
from the Netherlands Cancer Registry (NCR). The
NCR registers all newly diagnosed malignancies in the
Netherlands. TNM classification 8th edition was used
for staging of the tumours, and topography and
morphology was classified according to the Interna-
tional Classification of Disease for Oncology [13,14].
For this study, we included patients who were diagnosed
with histologically confirmed CRC in the period
2018—2020. To assess the impact of the suspension of
CRC screening, we only selected individuals eligible for
screening, that is, individuals aged 55—75 years. This
was regardless of the diagnostic path, because method of
detection (screening or symptoms) was not registered in
the NCR. Data on number of CRC diagnoses and stage
distribution were available from 25 out of 70 hospitals in
the Netherlands: 10 general hospitals, 11 top clinical
hospitals and 4 academic hospitals. These 25 hospitals
were a representative sample of all hospitals and evenly
distributed over the Netherlands; good generalisability
of the study is to be expected. Data on stage was
available for CRCs diagnosed up to October 2020.

2.3. Outcomes and statistical analysis

In this study we evaluated the monthly number of
overall and stage-specific CRC diagnoses. We compared
the observed incidence after the suspension (March
2020—December 2020) to the expected incidence in the
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same period. The expected incidence was based on a
trend line extrapolating the incidence prior to the sus-
pension (January 2018—February 2020). The trend line
was generated using a regression line, which was fitted to
the natural logarithm of the rates. Total incidence as
well as stage-specific incidences were compared. Data
management and analysis were performed using STATA
version 16.1.

3. Results
3.1. CRC incidence

Between 2018 and 2020, 7859 CRCs were detected in the
25 hospitals. Before the pandemic a decrease in CRC
incidence was observed; from 326 CRC diagnoses in
January 2018 to 191 CRC diagnoses in March 2020. In
the period from April to June 2020, we observed the
largest decrease in the total incidence of CRC, with the
largest drop in incidence in the month after suspending
the CRC screening programme. Comparing the number
of observed CRC diagnoses to what was expected, we
observed a decrease of diagnoses of 42% in April 2020,
33% in May 2020 and 34% in June 2020 (Fig. 1). After
gradually resuming screening mid-May 2020, we
observed a catch-up in CRC diagnoses from July 2020
onwards. As of October 2020, the observed number of
diagnoses was higher than the expected number, with
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the largest increase of 24% beyond the expected inci-
dence rate in December 2020.

3.2. CRC staging

Examining the contribution of each of the stages to the
total drop in incidence in the period from April to June
2020, we found that 48% of the decrease was due to
stage I, 23% due to stage 11, 23% due to stage III and 5%
due to stage I'V. Fig. 2A-D show the observed number of
diagnoses versus the expected number of diagnoses by
stage. The largest decrease in incidence was observed for
stage I CRCs; compared to the expected there were 57%
fewer diagnoses in April 2020 and 56% fewer diagnoses
in May 2020 (Fig. 2A). From July 2020 onwards, the
incidence rates for stage I CRCs increased. By October
2020, we observed 18% more diagnoses than expected.
For stage 11 CRCs 56% fewer diagnoses were observed
in April 2020, and an upward trend was observed from
May 2020 onwards (Fig. 2B). From July 2020 onwards,
the incidence rates for stage Il CRCs was similar to the
expected incidence rate. For stage III CRCs, a smaller
decrease in incidence was observed with 24% and 34%
fewer diagnoses compared to the expected, in April and
May 2020, respectively (Fig. 2C). By October 2020,
we observed 19% more diagnoses than expected.
The number of stage IV diagnoses only dropped in April
2020, with a decrease of 38%, followed by a small
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Fig. 1. Observed number of colorectal cancer diagnoses compared to the expected number of colorectal cancer diagnoses (trend line) in

patients aged 55—75 years from 2018 to 2020.
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Fig. 2. A—D: Observed number of colorectal cancer diagnoses compared to the expected number of colorectal cancer diagnoses by stage in

patients aged 55—75 years.

increase of 16% to what was expected in May 2020
(Fig. 2D). From June onwards the observed number was
quite similar to the expected number. When considering
the full period during and after the suspension of the
CRC screening programme (March until October 2020),
we observed a large difference in the relative decrease of
CRC diagnoses compared to what was expected: for
stage I, the observed number of diagnoses in this period
was 25% lower than expected. These percentages were
18%, 10% and 8% for respectively stage II, III and IV.

4. Discussion

As a result of the first COVID-19 wave in the
Netherlands, we observed a decrease up to 42% in
monthly CRC diagnoses compared to what was
expected. However, this was partially compensated in
the second half of 2020. In the months during and after
the first COVID-19 wave, the largest decrease was
observed in stage I CRCs, in contrast to stage IV CRCs
which remained mostly stable.

We observed the largest reduction in incidence of CRC
the month after the suspension of the Dutch CRC
screening programme. The most likely explanation for
this delayed drop in CRC incidence, is that the already
scheduled colonoscopies for individuals with a positive
FIT were not cancelled. The drop in CRC incidence in the
Netherlands was similar to the observed drop in CRC
incidence in Catalonia (Spain) and in a teaching hospital
in Paris (France) where a reduction of 38% and 30%,
respectively, in the period March till June 2020 were
reported [11,15]. The relative reduction in diagnoses of

CRC observed in our study was smaller than the reduc-
tion in CRC diagnoses in the UK [8]. The reason for this
difference is unknown, but might partially be explained
by the chosen specified period of time to calculate the
incidence of CRC; monthly versus weekly rates. Apart
from the calculation method, the observed difference can
most likely be explained by several factors; the chosen
strategy to stop and restart screening, the willingness of
individuals to participate in CRC screening during the
COVID-19 pandemic, accessibility of health care in
general, and CRC background risk.

In this study, we not only observed a decrease, but
also a catch-up in the number of diagnoses already in
the second part of 2020. To our knowledge, a catch-up
in CRC diagnoses shortly after the restart of the
screening programme has not previously been described.
Other countries were unable to observe a stabilisation or
catch-up effect; in the Paris teaching hospital in France,
the number of new cancer cases were still 4% lower than
expected in September 2021 [15]. Noteworthy, the catch
-up effect in the Netherlands became visible in October
2020. The explanation for this catch-up effect might be
associated with the chosen restart strategy of the Dutch
CRC screening programme. The Dutch government
decided to first invite those in the backlog, predomi-
nantly individuals eligible for the subsequent screening
round, by increasing the screening interval and
expanding the screening colonoscopy capacity up to
120%. This was only possible because the IT system
allows for real-time monitoring of colonoscopy capacity
and continuously matches the number of invitations to
this capacity. A catch-up effect in incidence in the sec-
ond part of 2020 was not observed in the breast cancer
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screening programme in the Netherlands, as only a
maximum of 80% of the usual capacity was available in
2020 [10]. Another explanation for the substantial
number of CRC diagnoses in the second part of 2020,
is that the COVID-19 pandemic had no impact on the
willingness to participate in FIT screening in the
Netherlands [16]. Another potential explanation is the
publication by the cancer registries in the Netherlands
shortly after Covid-19 impacted the Netherlands,
revealing a significant drop in cancer diagnoses. This
was accompanied by a call of clinicians and politicians
to continue seeking medical care for symptoms. This
may have led to a sense of urgency among people with
symptoms to visit a physician or for people invited for
screening to participate. Rapid publication of significant
changes in cancer incidence is possible as the Dutch
cancer screening registry is up-to-date and uses national
data (i.e. sufficient numbers for reliable estimates).

The impact of suspension of CRC screening differed
by CRC stage; reduction in CRC incidence became
smaller with increased CRC stage. The largest reduction
in stage I CRCs, is in line with our expectations as they
are generally asymptomatic and detected through
screening [17]. In contrast, individuals with stage IV
CRC s, the stage when in generally symptoms are the
most apparent, continued to seek medical care. Limited
impact of suspending screening on late stage CRCs (111
and IV), was shown by a modelling study that predicted
that a delay in diagnoses up to 6 months has limited
impact on early detection of CRC [18]. Another
modelling study predicted a slightly worse scenario; the
diagnostic delay in cancer diagnoses, as a result of the
fist COVID-19 wave, will result in significant economic
losses [19]. Based on our data, the modest reduction in
late stage CRCs, we expect these economic losses to be
limited. Although the overall reduction in incidence of
stage III CRCs was smaller compared to stage I and 11
CRCs, the incidence was higher than expected in
October 2020. This might be due to a catch up in stage
IIT CRC diagnoses as a result of the extra screening
capacity. Another explanation might be that stage I or 11
CRCs have progressed to stage III CRCs, even despite
the fact that screening was not cancelled but postponed
with a slight diagnostic delay of two and half months.
As the total incidence of stage III CRCs was not higher
than expected, the first explanation seems most plau-
sible, but this need to be confirmed with long-term data.

This study is the first that showed the impact of
COVID-19 and the associated suspension and restart of
the CRC screening programme on the incidence and stage
distribution. A limitation of our study is data availability
of selected number (25) of hospitals in the Netherlands.
Still, the selected hospitals are to be expected to be repre-
sentative for all hospitals in the Netherlands. Another
limitation is that we could not identify the method of
detection (i.e. screen-detected or symptom-detected) of the
CRC patients. Furthermore, it will be interesting to assess

whether the extended screening interval may lead to an
increase in interval CRCs. These questions can be
addressed when more data and additional information of
all CRC diagnoses becomes available.

5. Conclusions

In conclusion, a decrease as well as catch-up in CRC
diagnoses was observed in the months during and after
the suspension of the Dutch CRC screening programme.
The reduction was mainly limited to stage I CRCs.
Taken together, we hope that the temporary suspension
of the CRC screening programme due to the COVID-19
pandemic will have a minimal long-term impact on stage
distribution and CRC mortality.
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