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Simple Summary: The coronavirus pandemic profoundly affected how patients access health care
services, as many individuals attempted to minimise risks of infectious contact and reduce burdens
on health systems. This study aims to explore the effects of the coronavirus pandemic on patient
presentations for cancer-related symptoms in primary care. It utilises routine clinical data for
1.23 million people in the Netherlands, comparing the first year of the pandemic to the two years
prior. These data identify a 34% reduction in the incidence of cancer-related symptoms during the
first wave (March to June 2020), with overall incidence returning to pre-corona levels after this period.
In the first wave, the incidence of many symptoms was substantially reduced: breast lump (−17%),
haematuria (−15%), abdominal mass (−21%), tiredness (−45%), lymphadenopathy (−25%), and
naevus (−37%). In the second wave (October 2020 to February 2021), the incidence of breast lump and
rectal bleeding was increased (both +14%), and tiredness was decreased (−20%), with the majority
of other symptoms being similar to pre-COVID levels. These data describe large-scale primary
care avoidance that did not increase until the end of the first COVID year for many cancer-related
symptoms, suggestive that substantial numbers of patients delayed presenting to primary care.

Abstract: Introduction: In the Netherlands, the onset of the coronavirus pandemic saw shifts in
primary health service provision away from physical consultations, cancer-screening programs
were temporarily halted, and government messaging focused on remaining at home. In March
and April 2020, weekly cancer diagnoses decreased to 73% of their pre-COVID levels, and 39% for
skin cancer. This study aims to explore the effect of the COVID pandemic on patient presentations
for cancer-related symptoms in primary care in The Netherlands. Methods: Retrospective cohort
study using routine clinical primary care data. Monthly incidences of patient presentations for
cancer-related symptoms in five clinical databases in The Netherlands were analysed from March
2018 to February 2021. Results: Data demonstrated reductions in the incidence of cancer-related
symptom presentations to primary care during the first COVID wave (March-June 2020) of −34%
(95% CI: −43 to −23%) for all symptoms combined. In the second wave (October 2020–February
2021) there was no change in incidence observed (−8%, 95% CI −20% to 6%). Alarm-symptoms
demonstrated decreases in incidence in the first wave with subsequent incidences that continued to
rise in the second wave, such as: first wave: breast lump −17% (95% CI: −27 to −6%) and haematuria
−15% (95% CI −24% to −6%); and second wave: rectal bleeding +14% (95% CI: 0 to 30%) and breast
lump +14% (95% CI: 2 to 27%). Presentations of common non-alarm symptom such as tiredness and
naevus demonstrated decreased in-cidences in the first wave of 45% (95% CI: −55% to −33%) and
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37% (95% CI −47% to −25%). In the second wave, tiredness incidence was reduced by 20% (95% CI:
−33% to −3%). Subgroup analy-sis did not demonstrate difference in incidence according to sex,
age groups, comorbidity status, or previous history of cancer. Conclusions: These data describe
large-scale primary care avoidance that did not increase until the end of the first COVID year for
many cancer-related symptoms, suggestive that substantial numbers of patients delayed presenting
to primary care. For those patients who had underlying cancer, this may have had impacted the
cancer stage at diagnosis, treatment, and mortality.

Keywords: primary care; COVID; cancer diagnosis; care avoidance

1. Introduction

There is emerging evidence that the coronavirus (COVID) pandemic influenced many
individuals to avoid accessing health care [1–3]. In The Netherlands, which was severely
impacted by the first wave of the pandemic from March 2020, health care rapidly tran-
sitioned during this period, with the majority of primary care consultations shifting to
telehealth, non-urgent appointments delayed or cancelled, and screening programs tem-
porarily halted [4,5]. Normal health behaviours were also impacted by the pandemic, as
government messaging and social expectations promoted ‘staying at home’, minimising
contact, and to only seek health care for urgent matters [6–8]. This avoidance in accessing
health care may have substantial and widespread implications, especially for conditions
such as cancer, where over 80% of patients with cancer initially present to their General
Practitioner (GP) [9,10]. Postponement of diagnosis and treatment can lead to later-stage di-
agnosis, worsening prognosis, increased health care costs and a greater impact on patient’s
quality of life [1,10–12].

In The Netherlands, the COVID experience was comparable to many other Euro-
pean countries. March 2020 saw a rapidly escalating situation known as the first wave,
culminating in a lockdown on 15 March [13]. These restrictions were reduced in June,
and the country experienced a mostly unrestricted summer period with limited infections.
Hospitalisations rose dramatically at the end of September 2020, signalling the start of the
second wave, and subsequent lockdown from 14 October [13]. Health services remained
under significant pressure with high numbers of infections and hospitalisations until March
2021, and corresponding tightening of restrictions during this period.

Cancer diagnosis rates were markedly reduced at the beginning of the COVID pan-
demic, with reductions between 25–39% reported internationally [14–17]. After these initial
dramatic falls, cancer diagnoses in these countries returned to normal levels [15,17,18].
A number of studies described that reductions in diagnoses were largest for lower stage
cancers [18–20]. However, diagnosis rates provide a limited context of the impact of COVID
on cancer care, as they do not detail the causative factors, including potential health care
avoidance or delays in diagnostic pathways. In the context of reported health care avoid-
ance during the first wave of the COVID pandemic, it is unclear the extent and duration of
this phenomenon for cancer care.

The diagnosis of cancer is a complex process reliant on multiple processes and individ-
uals, working together to enable appropriate and timely investigation of patients [21]. The
first step in this process occurs when the patient first experiences and acknowledges symp-
toms, and then seeks medical attention, also known as the ‘health seeking phase’ [7,22]. In
the majority of countries, such as The Netherlands, the first contact occurs with a GP, who
may pursue further investigations and referral based on the clinical circumstances [21,23].
Consequently, in such gatekeeper healthcare systems where the GP is the first point
of access, the impact of COVID on health care usage is best measured in the primary
care setting.
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To assess the impact of the COVID pandemic on the cancer diagnostic pathway, we
aim to detail the extent of consecutive phases of the COVID pandemic on primary health
care presentations with cancer-related symptoms in The Netherlands.

2. Methods
2.1. Study Design

This study was designed as an observational cohort study incorporating routine
clinical data from general practices throughout The Netherlands. For over 1.2 million
primary care patients, these data are collected prospectively in the Intercity databases;
a dynamic population cohort from five academic primary care networks throughout the
Netherlands (Utrecht, Limburg, Groningen, and two in the Amsterdam region), including
different metropolitan, rural and socio-economic regions. This study was reported in line
with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement [24]. This research was reviewed by the institutional ethical review board of the
UMC Utrecht (18-373/C) and considered not subject to the Medical Research Involving
Human Subjects Act of the Netherlands.

The COVID period was defined as the period from 1 March 2020 onwards, informed
by the Netherlands Institute of Health and the Environment (RIVM) [13,25]. We defined the
first COVID period as between 1 March and 30 June 2020, and the second COVID period
(incorporating the second and beginning of the third wave) from 1 October to 28 February
2021. The pre-COVID period was defined for the purpose of this study from 1 March 2018
to 29 February 2020, designed to provide two full years of data prior to the onset of COVID
for comparison.

2.2. Population

All adult patients registered within the databases between 1 March 2018 and
28 February 2021 were included in the study. The Intercity databases comprise routine
clinical care data collected from multiple general practice networks: the Academic Network
of General Practice at Amsterdam UMC, location VU Medical Centre (ANH VUmc) and
location Amsterdam Medical Centre (AHA AMC), Research Network Family Medicine
(RNFM) Maastricht, the Academic General Practitioner Network Northern Netherlands
(AHON) and the Julius General Practitioners’ Network (JGPN) databases [26]. In The
Netherlands almost all patients are registered with a specific general practice clinic, with
only those patients registered to the clinic included in the study.

2.3. Data Collection

Coded consultation data was collected for all participants, including demograph-
ics, and International Classification of Primary Care (ICPC-1) codes [27]. These ICPC
codes are registered for each consultation, to describe the major presenting feature of the
consultation. Demographics and patient characteristics include: ICPC codes for major
comorbidities in the form of cardiovascular, diabetes, chronic obstructive airways disease;
previous history of cancer; and, psychiatric or psychological diagnoses at any time point (see
supplementary file, Table S1). ICPC codes related to potentially cancer-related symptoms
were identified in the literature by the researchers and supplemented and refined based
on the clinical experiences of the primary care clinicians in the research group. Symptoms
included are those with acknowledged associations with cancer, and relatively common
occurrence (see supplementary file, Table S1). Cancer alarm symptoms were defined as
symptoms with a positive predictive value >5% for cancer according to literature, including:
rectal bleeding, haematuria, dysphagia, post-menopausal bleeding, and breast lump [28,29].

ICPC codes for cancer-related symptoms were collected monthly for each adult patient
from February 2018 to February 2021. The incidence of these symptoms was used as the
primary outcome. The incidence of each of the codes was determined, with presentations for
each ICPC code in a nine-month period counting as a single incidence of a potentially cancer-
related presentation to primary care. Based on the clinical expertise of the research group,
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nine months was determined to be a clinically relevant period, in which presentations
occurring after this time would likely require new diagnostic work-up, and thus should be
considered a new incidence of that symptom [22].

2.4. Statistical Analysis

Incidence rates were calculated using the number of registered patients for each month
as denominator. These were expressed at rates of per 100,000 people per month. Data from
the two years prior to March 2020 served as a control, representative of pre-COVID patterns
of cancer-related symptom incidence. Monthly incidences of cancer-related symptom
presentations were analysed per time-period and expressed as a percentage of their pre-
COVID incidence. In order to estimate incidence rate ratios (IRR), a negative binomial
model was estimated for each symptom using the number of reported symptoms in a
month as the outcome, period (pre-COVID, wave 1, summer, and wave 2) as the variable
of interest and the natural logarithm of the number of registered patients in each month as
an offset. In order to account for potentially non-linear time trends of symptom reporting
over the duration of data collection, time in months since March 2018 was included as a
natural cubic spline. Month of the year was included to control for seasonality in reporting
of symptoms.

Extrapolation was used to predict differences in absolute incidence of symptom presen-
tations for the entire population of The Netherlands, using the proportions from this study
to predict national incidence for an adult population of 14.4 million people. Confidence
intervals of 95% were employed. All analyses were conducted using SPSS (IBM, Chicago,
IL, USA) version 26.

3. Results
3.1. Demographics

1,232,028 patients were included in the analysis described in Table 1. This popula-
tion includes approximately 9% of the adult population of The Netherlands. 55% of the
population were between 18 and 49 years, and 52% female.

Table 1. Patient characteristics, as of February 2021.

n (%)

Number patients included 1,233,035
Age Group 18–49 681,447 (55%)

50–75 440,017 (36%)
76 and older 111,571 (9%)

Sex Female 637,242 (52%)
Major comorbidity Cardiovascular Disease 128,796 (10%)

Diabetes 71,665 (6%)
Chronic obstructive airways
disease (COPD) 14,768 (1%)

Psychiatric/psychological 104,785 (9%)
History of cancer 46,779 (4%)

3.2. Incidence of Cancer-Related Symptoms

Prior to COVID there were a mean 582 consultations per 100,000 population every month
for new cancer-related symptoms. The incidence decreased by 34% (IRR 95% CI 0.57–0.77) to
404 per 100,000 during the first wave, and returned to normal levels (−2%, 529 per 100,000,
CI 0.84–1.15) during the summer period and in the second wave (−8%, 575 per 100,000,
CI 0.80–1.06), adjusted for monthly variability. Table 2 describes the pre-COVID incidence
of cancer-related symptoms in primary care, and change in incidence over the first year of
COVID as compared to previous years. Figure 1 represents the percentage change of major
cancer-related symptoms over time for each month, comparing to the mean incidence for each
month in the two years prior.
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Table 2. Percentage change in incidence of cancer-related symptom presentations per time-period as
a proportion of mean pre-COVID incidence. * includes all codes for cancer-related symptoms listed
in the supplementary file.

Mean Monthly
pre-COVID
Incidence

First Wave Summer Period Second Wave

Per 100,000
Population

Incidence
Rate Ratio 95% CI Incidence

Rate Ratio 95% CI Incidence
Rate Ratio 95% CI

Rectal bleeding 163 0.87 0.76–1.00 1.04 0.90–1.21 1.14 1.00–1.30

Breast lump 190 0.83 0.73–0.94 1.02 0.90–1.16 1.14 1.02–1.27

Postmenopausal
bleeding 69 0.87 0.73–1.03 0.99 0.82–1.19 0.93 0.80–1.09

Haematuria 120 0.85 0.76–0.94 1.01 0.89–1.13 0.99 0.90–1.10

Dysphagia 69 0.99 0.86–1.15 1.25 1.07–1.46 1.01 0.88–1.16

Abdominal mass 27 0.79 0.63–0.99 1.15 0.91–1.44 1.06 0.87–1.30

Melaena 23 0.78 0.61–0.99 1.27 0.99–1.63 1.18 0.96–1.46

Change in bowel habit 74 0.79 0.69–0.91 1.00 0.87–1.16 0.97 0.85–1.10

Tiredness 798 0.55 0.45–0.67 0.91 0.73–1.13 0.80 0.67–0.97

Lymphadenopathy 87 0.75 0.65–0.87 1.01 0.87–1.18 0.91 0.79–1.04

Naevus 379 0.63 0.53–0.75 1.04 0.86–1.25 0.96 0.81–1.13

Weight loss 124 0.78 0.67–0.90 1.04 0.90–1.21 0.99 0.87–1.13

All cancer
symptoms combined * 582 0.66 0.57–0.77 0.98 0.84–1.15 0.92 0.80–1.06

As shown in Table 2 and Figure 1, in the first wave, GP presentations for major cancer
alarm symptoms were significantly decreased for breast lump (−17%, IRR 95% CI 0.73–0.94)
and haematuria (−15%, CI −24% to −6%), but did not demonstrate significantly change for
rectal bleeding (−13%, CI 0.76–1.00) and post-menopausal bleeding (−13%, CI 0.73–1.03). In the
summer period, presentations were similar to pre-COVID incidence for these symptoms, apart
from dysphagia that was increased (+25%, CI 1.07–1.46). In the second wave, the incidence of
presentations was increased for breast lump (+14%, CI 1.02–1.27) and rectal bleeding (+14%,
CI 1.00–1.30) and unchanged for haematuria (−1%, CI 0.90–1.10) and post-menopausal bleeding
(−7%, 0.80–1.09).

As shown in Table 2 and Figure 1, presentations for other common cancer-related symp-
toms were significantly decreased during the first wave: for tiredness (−45%,
IRR 95% CI 0.45–0.67), weight loss (−22%, CI 0.67–0.90), naevus (−37%, CI 0.53–0.75),
and lymphadenopathy (−25%, CI 0.65–0.87). In the summer period, the incidence of
symptoms did not exhibit differences in comparison to pre-COVID: for tiredness (−9%),
naevus (+4%) and weight loss (+4%). The second wave demonstrated a significant reduc-
tion for tiredness (−20%, CI 0.67–0.97), with other symptoms demonstrating no variation:
weight loss (−1%, CI 0.87–1.13), naevus (−4%, CI 0.81–1.13), and lymphadenopathy (−9%,
CI 0.79–1.04).
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Figure 1. Percentage change in incidence over time of most prevalent cancer-related symptom
presentations compared with their mean pre-COVID incidence for each month; (a), alarm symptoms
(PPV > 5%), (b). non-alarm symptoms.
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3.3. Group Differences

Exploratory examination of the data revealed no clinically relevant differences between
groups based on age, sex, major-comorbidities and history of cancer on the incidence of
combined and specific cancer-related symptoms were observed. Figures illustrating this
are provided in supplementary file Figures S1–S4.

3.4. Differences in Incidence over First Year of COVID

The dataset of 1,233,035 was extrapolated to The Netherlands adult population of
14.4 million people to represent how these changes in incidence may appear on a national
scale, described in Table 3. Over the course of March 2020 to February 2021, as compared to
the two years previous, there were increased incidence of presentations for rectal bleeding
(+1509) and breast lump (+5751) in primary care. These additional presentations largely
occurred from the summer period. There was a reduction in the incidence of haematuria in
primary care of −1400 presentations. The incidence of tiredness (−100,883) and naevus
(−40,337) were both substantially reduced over the first COVID year.

Table 3. Estimated National differences in incidence of cancer-related symptoms over the first year of
COVID adjusted for monthly variability. Only differences of >1000 are included.

Mean Incidence
per Month in

The Netherlands
Prior to COVID

Difference in
Incidence
1st Wave

Difference in
Incidence

Summer Period

Difference in
Incidence
2nd Wave

Annual Difference
in Incidence

March 2020 to
Feb 2021 Compared

to pre-COVID

Rectal bleeding 4578 −2333 +449 +3393 +1509
Breast lump 5354 −2108 +1514 +6345 +5751
Haematuria 3341 −1770 +195 +176 −1400

Change in bowel habit 2722 −1847 +351 +123 −1373
Tiredness 37,512 −63,582 −6600 −30,702 −100,883

Lymphadenopathy 3180 −2332 +875 −210 −1668
Naevus 17,239 −28,145 −3148 −9044 −40,337

Weight loss 4637 −4712 −359 −1533 −6605

4. Discussion
4.1. Main Findings/Results of the Study

The results of this study demonstrate reductions in the incidence of most cancer-related
symptoms to primary care during the first wave of COVID. These decreases during the first
wave equate to thousands of patients who postponed or avoided attending primary care
services during this period. In the summer period, as COVID infections and restrictions
decreased, an apparent return to normal levels of incidence of cancer related symptoms was
observed. After the first wave, an increase in the incidence of presentations for some cancer
alarm symptoms was observed (see Figure 1 and Table 2). This may represent patients who
delayed presentations throughout the earlier periods of the COVID pandemic. In contrast,
whilst the incidence of non-alarm symptoms returned to normal levels after the first wave,
an increase in incidence of presentations (which may represent delayed consultations) for
these symptoms was not observed.

These data describe mass avoidance of primary healthcare during the first COVID
wave for the majority of cancer-related symptoms. Whilst it is reassuring that over the
course of the year presentations for these symptoms (especially cancer alarm symptoms)
increased, this initial avoidance is cause for alarm. Sud et al. described the impact of
diagnostic delay on cancer outcomes, a four month diagnostic delay is associated with
worsening of 10 year mortality by 9%, 17%, and 6% for melanoma, colorectal, and breast
cancer, respectively [11]. Based on the results for the alarm symptoms of rectal bleeding,
breast lump and haematuria and using existing literature describing the positive predictive
value of these symptoms of 5%, it would be expected that there were 131 patients who



Cancers 2022, 14, 5353 8 of 12

would go on to be diagnosed with breast cancer, and 137 with colorectal cancer who
delayed presenting during the first wave [28]. These patients would have considerably
worse outcomes, with their 10-year mortality rates decreased by 6–17%, based on a four-
month delay [11]. Based on our data, we cannot determine the extent of this delay, however,
an increase in the incidence of symptoms is not observed for most cancer-alarm symptoms
until after the first wave, suggestive that delays in presentations to primary care may have
been in excess of four months. These patients may be diagnosed at a later stage, undergo
more intensive treatments, incur more health care costs and have greater disruption to
their lives from their cancer diagnosis [30]. Modelling studies from Australia and Canada
predict that these delays are likely to be associated with a 2% increase in cancer-related
deaths, leading to an additional 940 deaths in The Netherlands [31,32].

For symptoms such naevus or tiredness, the degree of health care avoidance is even
greater, with 40,000 and 100,000 fewer patients, respectively presenting nationally over
the COVID year. This suggests potential selective avoidance, with a greater degree and
length of avoidance in presenting to primary care in the case of less alarming cancer-related
symptoms. Whilst these symptoms may be less alarming to many GPs, a recent study
by White et al. found that the positive predictive value of tiredness for cancer was >3%
for older adults [33]. A four-month delay is associated with 9% and 17% worse 10-year
mortality for melanoma and colorectal cancers [31]. The incidence of both these symptoms
normalised following the first wave, and then was again decreased during the second wave
for tiredness. Neither of these symptoms exhibit an increase in presentations, suggesting
that there are individuals who are yet to present with these symptoms or whose symptoms
have resolved.

4.2. What This Study Adds

These results are consistent with Nicholson et al., whose study examined primary
care cancer-related presentations in England in 2020, with a 24% reduction in presentations
in 2020 compared to the year prior [16]. Similar patterns were observed with substantial
reductions for all cancer-related symptoms at the beginning of the first wave, a period in
the summer trending towards normalisation, and then a sudden, yet less severe decrease in
the second wave [16]. The differences observed in this study between alarm and non-alarm
symptoms were not described. Studies examining primary care use in The Netherlands
reported that some 20–33% of patients avoided accessing primary care during the initial
stages of the pandemic [3,34], consistent with our results demonstrating a 34% decrease in
incidence of cancer-related symptoms.

The COVID pandemic remains a constant and evolving presence in our lives, in-
fluencing the provision of health care internationally. Whilst the dramatic impact and
alterations of the first wave are unlikely to be repeated, it is apparent that for some symp-
toms, health care avoidance was not limited to this period and may be an ongoing issue
throughout future fluctuations in the pandemic course. To facilitate timely diagnosis of
symptoms, government policies should encourage primary care contact through future
waves of COVID, in which many of these symptoms could be quickly triaged and assessed
through telehealth. For specific alarm symptoms or those that require physical examination,
physical consultation with the use of preventative measures can facilitate timely and correct
diagnosis of these patients. However, the drivers of this avoidance are unclear and likely
multifactorial. Further research would ideally seek to understand these reasons so that
targeted education and policy interventions can be developed to address them at their
root cause. Additionally, future research might supplement observation of cancer-related
presentations to primary care with referral behaviour, since more selective GP presentation
and GP referral behaviour could further expose the effects of health system impacts on
potential delay in the diagnostic pathway and prognosis.
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4.3. Strengths and Weaknesses/Limitations of the Study

This article describes the incidence of cancer related symptoms in a population of over
1.2 million people in The Netherlands during the first year of COVID, and data from the
two years prior used as comparator. The population described comprised only of registered
patients, and thus there was minimal variability of the cohort used as the denominator over
the period. The incidence of new symptom presentations was used as the main outcome, so
that one patient presenting on multiple occasions with the same symptom was counted as
a single incidence. This is especially relevant given that changes to health service provision
may have led to increased numbers of consultations for specific symptoms that require
physical examination (i.e., rectal blood loss), but initial consultation may have occurred
through telehealth.

The results of this study should be interpreted within an environment of rapid and
large-scale changes to health systems throughout COVID. Normal care processes were
altered, as a portion of care was transferred to telehealth, which may have limited diagnostic
evaluation for symptoms that require physical investigation. The data employed in this
study describes only primary care usage, and thus cannot detail how patient presentations
for cancer related symptoms to other parts of the health care system were affected. Patients
and health care providers may have been preoccupied with COVID infections, potentially
resulting in less attention towards other symptoms, or leading to changes in coding.

The data is reliant on GP coding of these symptoms and does not consider the severity
of these symptoms or clinician suspicion of an underlying cancer diagnosis. This reliance
on GP coding of symptoms likely underestimates their prevalence in primary care, as many
symptoms may be coded related to the diagnoses rather than the symptom (i.e., anal fissure
rather than rectal bleeding). However, we have employed the data from the two years prior
to act as control, which is coded by the same GPs for the same population, using the same
approach. Telehealth and the focus on COVID diagnoses in primary may have additionally
altered coding practices, but how and to what extent is unclear. The data demonstrated
moderate month-to-month variability, which may be related to how public holidays and
weekends were distributed, and this variability has been built into our analysis model.

5. Conclusions

This study demonstrates substantial decreases in the incident of presentations for
cancer-related symptoms in primary care in The Netherlands at the beginning of the
COVID pandemic. Increases in presentations for cancer alarm symptoms are observed
at the end of 2020 and beginning of 2021, likely representing a ‘catch-up’ of patients
who had delayed presenting during the earlier stages of the pandemic. A ‘catch-up’ in
presentations was not evident for the majority of non-alarm symptoms, suggestive that
these patients’ symptoms had either resolved or they were still yet to present. This data
indicates that a substantial proportion of patients with cancer-related symptoms may have
avoided or delayed visiting primary care, and that this has been an evolving situation
throughout the COVID pandemic, not only being confined to the first wave. As described by
Malagon et al., the full impact of COVID on delays in cancer diagnoses will likely take
many years to be apparent [32]. As we enter a new and hopefully stable phase of the
COVID pandemic, it is possible that health care avoidance is a continuing issue, that may
have substantial impacts on patient care, mortality, and health expenditure for conditions
such as cancer.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers14215353/s1, Table S1: ICPC codes, Figure S1: Incidence according to age, Figure S2:
Incidence according to sex, Figure S3: Incidence according to major comorbidity status, Figure S4:
Incidence according to history of cancer.

Author Contributions: For authors contributed to the following aspects of the research and manuscript:
Conceptualization, C.W.H., N.v.E., J.M., N.J.d.W. and C.H.v.G.; methodology, M.P.G., R.S. and
C.H.v.G.; data curation, M.P.G., K.M.v.A., J.M., P.S. and D.B.; formal analysis, M.P.G., C.W.H., R.S.

https://www.mdpi.com/article/10.3390/cancers14215353/s1
https://www.mdpi.com/article/10.3390/cancers14215353/s1


Cancers 2022, 14, 5353 10 of 12

and C.H.v.G.; writing—original draft preparation, M.P.G.; writing—review and editing, M.P.G.,
C.W.H., R.S., K.M.v.A., J.M., P.S., D.B., N.J.d.W. and C.H.v.G.; visualization, M.P.G. and R.S.; funding
acquisition, C.W.H., N.J.d.W. and C.H.v.G. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by the ZonMW [grant number 10430022010014]. The funding
sources had no role in the study design; in the collection, analysis, and interpretation of data; in the
writing of the report, and in the decision to submit the article for publication.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of UMC Utrecht (21-440/C,
23 February 2021), who decided that it did not fall under the Medical Research Involving Human
Subjects (WMO) Act of the Netherlands.

Informed Consent Statement: This study utilizes aggregated data from a prospective longitudinal
cohort, with opt-out consent. Patient consent for this specific study was waived as it utilized non-
identifiable aggregated data.

Data Availability Statement: The de-identified data which were used for this analysis can condi-
tionally be shared on reasonable request to the corresponding author, subject to the approval of the
different datasources used.

Acknowledgments: We would like to thank all the data managers and coordinators affiliated with
the retrospective regional databases for sharing and extracting the data for the purposes of scientific
research: Nicole Boekema, Julius Centre for Health Sciences and Primary Care, University Medical
Centre Utrecht, Hanna Joosten, Amsterdam UMC location University of Amsterdam, Department of
General Practice, Henk van Weert, Amsterdam UMC location University of Amsterdam, Department
of General Practice, Feikje Groenhof, University of Groningen, University Medical Centre Groningen,
Ronald Wilmink, University of Groningen, University Medical Centre Groningen, Donovan de Jonge,
Maastricht University Care and Public Health Research Institute, Department of General Practice,
and Huibert Tange, Maastricht University Care and Public Health Research Institute, Department of
General Practice. In particular, thanks to Marloes van Beurden and Nicole Boekema, Julius Centre
for Health Sciences and Primary Care, for developing the queries employed in the databases that
made this research possible. The authors acknowledge the members of the COVID and Cancer-NL
Consortium: S. Siesling Department of Research and Development, Netherlands Comprehensive
Cancer Organisation (IKNL), Utrecht and Technical Medical Centre, department of Health Technology
and Services Research, Twente University, Enschede; J.C. van Hoeve, department of research and
development, Netherlands Comprehensive Cancer Organisation (IKNL), Utrecht; M.A.W. Merkx,
department of research and development, Netherlands Comprehensive Cancer Organisation (IKNL),
Utrecht; department of Oral and Maxillofacial Surgery, Radboud University Nijmegen Medical
Centre, Nijmegen; N.J. de Wit, department of General Practice, Julius Centre for Health Sciences and
Primary Care, University Medical Centre Utrecht (UMCU), Utrecht University, Utrecht; C.W. Helsper,
department of General Practice, Julius Centre for Health Sciences and Primary Care, University
Medical Centre Utrecht (UMCU), Utrecht University, Utrecht; M.Sc. I. Dingemans, Dutch Federation
of Cancer Patient Organisations (NFK), Utrecht; I.D. Nagtegaal, department of Pathology, Radboud
University Nijmegen Medical Centre, Nijmegen, on behalf of the Automated Pathology Archive
(PALGA); M. van der Schaaf Department of Insight and Innovation, Dutch Hospital Data (DHD),
Utrecht; C.H. van Gils department of Clinical Epidemiology, Julius Centre for Health Sciences and
Primary Care, University Medical Center Utrecht (UMCU), Utrecht University, Utrecht; H.C.P.M.
van Weert, Amsterdam UMC location University of Amsterdam, Department of General Practice; M.
Verheij, department of Radiation Oncology, Radboud University Medical Centre, Nijmegen, on behalf
of SONCOS (Dutch Multidisciplinary Oncology Foundation); all the Netherlands. This research has
been conducted using the ANH VUmc, AHA AMC, AHON, RNFM and JGPN databases. These are
ongoing longitudinal databases using pseudonymised patient records that aim to give insight into
medical care provided in general practices in the Netherlands. Patients are informed by their general
practices through a number of methods to participate in the databases through their general practice-
via folders, posters and websites—and may opt-out of participation.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2022, 14, 5353 11 of 12

References
1. van Weert, H. After the First Wave: What Effects did the COVID-19 Measures Have on Regular Care and How can General

Practitioners Respond to This? Eur. J. Gen. Pract. 2020, 26, 126–128. [CrossRef] [PubMed]
2. Papautsky, E.L.; Rice, D.R.; Ghoneima, H.; McKowen, A.L.W.; Anderson, N.; Wootton, A.R.; Veldhuis, C. Characterizing health

care delays and interruptions in the United States during the COVID-19 pandemic: Internet-based, cross-sectional survey study. J.
Med. Internet Res. 2021, 23, e25446. [CrossRef] [PubMed]

3. Splinter, M.J.; Velek, P.; Ikram, M.K.; Kieboom, B.C.T.; Peeters, R.P.; Bindels, P.J.E.; Wolters, F.J.; Leening, M.J.G.; de Schepper, E.I.T.;
Licher, S. Prevalence and determinants of healthcare avoidance during the COVID-19 pandemic: A population-based cross-
sectional study. PLoS Med. 2021, 18, e1003854. [CrossRef] [PubMed]

4. Van Ballegooijen, H.; Goossens, L.; Bruin, R.H.; Michels, R.; Krol, M. Concerns, quality of life, access to care and productivity of
the general population during the first 8 weeks of the coronavirus lockdown in Belgium and The Netherlands. BMC Health Serv.
Res. 2021, 21, 1–8. [CrossRef]

5. Dinmohamed, A.G.; Visser, O.; Verhoeven, R.H.; Louwman, M.W.; van Nederveen, F.H.; Willems, S.M.; Merkx, M.A.;
Lemmens, V.E.; Nagtegaal, I.D.; Siesling, S. Fewer cancer diagnoses during the COVID-19 epidemic in the Netherlands. Lancet
Oncol. 2020, 21, 750–751. [CrossRef]

6. Naughton, F.; Ward, E.; Khondoker, M.; Belderson, P.; Marie Minihane, A.; Dainty, J.; Hanson, S.; Holland, R.; Brown, T.; Notley, C.
Health behaviour change during the UK COVID-19 lockdown: Findings from the first wave of the C-19 health behaviour and
well-being daily tracker study. Br. J. Health Psychol. 2021, 26, 624–643. [CrossRef]

7. Helsper, C.W.; Campbell, C.; Emery, J.; Neal, R.D.; Li, L.; Rubin, G.; Van Weert, H.; Vedsted, P.; Walter, F.M.; Weller, D.; et al.
Cancer has not gone away: A primary care perspective to support a balanced approach for timely cancer diagnosis during
COVID-19. Eur. J. Cancer Care 2020, 29, e13290. [CrossRef]

8. Moynihan, R.; Sanders, S.; Michaleff, Z.A.; Scott, A.M.; Clark, J.; To, E.J.; Jones, M.; Kitchener, E.; Fox, M.; Johansson, M.; et al.
Impact of COVID-19 pandemic on utilisation of healthcare services: A systematic review. BMJ Open 2021, 11, e045343. [CrossRef]
[PubMed]

9. Hansen, R.P.; Vedsted, P.; Sokolowski, I.; Søndergaard, J.; Olesen, F. Time intervals from first symptom to treatment of cancer: A
cohort study of 2,212 newly diagnosed cancer patients. BMC Health Serv. Res. 2011, 11, 284. [CrossRef]

10. Spicer, J.; Chamberlain, C.; Papa, S. Provision of cancer care during the COVID-19 pandemic. Nat. Rev. Clin. Oncol.
2020, 17, 329–331. [CrossRef]

11. Sud, A.; Torr, B.; Jones, M.E.; Broggio, J.; Scott, S.; Loveday, C.; Garrett, A.; Gronthoud, F.; Nicol, D.L.; Jhanji, S.; et al. Effect of
delays in the 2-week-wait cancer referral pathway during the COVID-19 pandemic on cancer survival in the UK: A modelling
study. Lancet Oncol. 2020, 21, 1035–1044. [CrossRef]

12. Quinn-Scoggins, H.D.; Cannings-John, R.; Moriarty, Y.; Whitelock, V.; Whitaker, K.L.; Grozeva, D.; Hughes, J.; Townson, J.;
Osborne, K.; Goddard, M.; et al. Cancer symptom experience and help-seeking behaviour during the COVID-19 pandemic in the
UK: A cross-sectional population survey. BMJ Open 2021, 11, e053095. [CrossRef] [PubMed]

13. Coyer, L.; Boyd, A.; Schinkel, J.; Agyemang, C.; Galenkamp, H.; Koopman, A.D.; Leenstra, T.; van Duijnhoven, Y.T.; van
Charante, E.P.M.; van den Born, B.J.H.; et al. Differences in SARS-CoV-2 infections during the first and second wave of SARS-
CoV-2 between six ethnic groups in Amsterdam, the Netherlands: A population-based longitudinal serological study. Lancet Reg.
Health-Eur. 2022, 13, 100284. [CrossRef] [PubMed]

14. De Vincentiis, L.; Carr, R.A.; Mariani, M.P.; Ferrara, G. Cancer diagnostic rates during the 2020 ‘lockdown’, due to COVID-19
pandemic, compared with the 2018–2019: An audit study from cellular pathology. J. Clin. Pathol. 2021, 74, 187–189. [CrossRef]
[PubMed]

15. Marques, N.P.; Silveira, D.M.M.; Marques, N.C.T.; Martelli, D.R.B.; Oliveira, E.A.; Martelli-Júnior, H. Cancer diagnosis in Brazil in
the COVID-19 era. Semin. Oncol. 2021, 48, 156–159. [CrossRef] [PubMed]

16. Nicholson, B.D.; Ordóñez-Mena, J.M.; Lay-Flurrie, S.; Sheppard, J.P.; Liyanage, H.; McGagh, D.; Sherlock, J.; Williams, J.; Smith, M.;
Drakesmith, C.W.; et al. Consultations for clinical features of possible cancer and associated urgent referrals before and during
the COVID-19 pandemic: An observational cohort study from English primary care. Br. J. Cancer 2021, 126, 948–956. [CrossRef]
[PubMed]

17. Peacock, H.; Tambuyzer, T.; Verdoodt, F.; Calay, F.; Poirel, H.; De Schutter, H.; Francart, J.; Van Damme, N.; Van Eycken, L. Decline
and incomplete recovery in cancer diagnoses during the COVID-19 pandemic in Belgium: A year-long, population-level analysis.
ESMO Open 2021, 6, 100197. [CrossRef]

18. Toes-Zoutendijk, E.; Vink, G.; Nagtegaal, I.D.; Spaander, M.C.; Dekker, E.; van Leerdam, M.E.; Siesling, S.; Lansdorp-Vogelaar, I.;
Elferink, M.A. Impact of COVID-19 and suspension of colorectal cancer screening on incidence and stage distribution of colorectal
cancers in the Netherlands. Eur. J. Cancer 2021, 161, 38–43. [CrossRef]

19. Van Not, O.J.; van Breeschoten, J.; van den Eertwegh, A.J.; Hilarius, D.L.; De Meza, M.M.; Haanen, J.B.; Blank, C.U.; Aarts, M.J.;
van den Berkmortel, F.W.; de Groot, J.W.B.; et al. The unfavorable effects of COVID-19 on Dutch advanced melanoma care. Int. J.
Cancer 2022, 150, 816–824.

20. Eijkelboom, A.H.; de Munck, L.; Peeters, M.-J.T.F.D.V.; Broeders, M.J.M.; Strobbe, L.J.A.; Bos, M.E.M.M.; Schmidt, M.K.; Paez, C.G.;
Smidt, M.L.; Bessems, M.; et al. Impact of the COVID-19 pandemic on diagnosis, stage, and initial treatment of breast cancer in
the Netherlands: A population-based study. J. Hematol. Oncol. 2021, 14, 1–12. [CrossRef]

http://doi.org/10.1080/13814788.2020.1798156
http://www.ncbi.nlm.nih.gov/pubmed/32787601
http://doi.org/10.2196/25446
http://www.ncbi.nlm.nih.gov/pubmed/33886489
http://doi.org/10.1371/journal.pmed.1003854
http://www.ncbi.nlm.nih.gov/pubmed/34813591
http://doi.org/10.1186/s12913-021-06240-7
http://doi.org/10.1016/S1470-2045(20)30265-5
http://doi.org/10.1111/bjhp.12500
http://doi.org/10.1111/ecc.13290
http://doi.org/10.1136/bmjopen-2020-045343
http://www.ncbi.nlm.nih.gov/pubmed/33727273
http://doi.org/10.1186/1472-6963-11-284
http://doi.org/10.1038/s41571-020-0370-6
http://doi.org/10.1016/S1470-2045(20)30392-2
http://doi.org/10.1136/bmjopen-2021-053095
http://www.ncbi.nlm.nih.gov/pubmed/34531224
http://doi.org/10.1016/j.lanepe.2021.100284
http://www.ncbi.nlm.nih.gov/pubmed/34927120
http://doi.org/10.1136/jclinpath-2020-206833
http://www.ncbi.nlm.nih.gov/pubmed/32561524
http://doi.org/10.1053/j.seminoncol.2020.12.002
http://www.ncbi.nlm.nih.gov/pubmed/33478743
http://doi.org/10.1038/s41416-021-01666-6
http://www.ncbi.nlm.nih.gov/pubmed/34934176
http://doi.org/10.1016/j.esmoop.2021.100197
http://doi.org/10.1016/j.ejca.2021.11.008
http://doi.org/10.1186/s13045-021-01073-7


Cancers 2022, 14, 5353 12 of 12

21. Weller, D.; Vedsted, P.; Rubin, G.; Walter, F.M.; Emery, J.; Scott, S.; Campbell, C.; Andersen, R.S.; Hamilton, W.; Olesen, F.; et al.
The Aarhus statement: Improving design and reporting of studies on early cancer diagnosis. Br. J. Cancer 2012, 106, 1262–1267.
[CrossRef] [PubMed]

22. Scott, S.E.; Walter, F.M.; Webster, A.; Sutton, S.; Emery, J. The Model of Pathways to Treatment: Conceptualization and integration
with existing theory. Br. J. Health Psychol. 2013, 18, 45–65. [CrossRef] [PubMed]

23. Schäfer, W.; Kroneman, M.; Boerma, W.; Berg, M.V.D.; Westert, G.; Devillé, W.; Van Ginneken, E. The Netherlands: Health system
review. Health Syst. Transit. 2010, 12.

24. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. Faculty Opinions
recommendation of The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines
for reporting observational studies. Epidemiology 2008, 18, 867–872. [CrossRef]

25. Environment NIoHat. Third Wave Shows Major Surge in Hospital Admissions in Younger Age Groups. 2021. Available online:
https://www.rivm.nl/en/news/third-wave-shows-major-surge-in-hospital-admissions-in-younger-age-groups (accessed on
28 August 2022).

26. Smeets, H.M.; Kortekaas, M.F.; Rutten, F.H.; Bots, M.L.; van der Kraan, W.; Daggelders, G.; Smits-Pelser, H.; Helsper, C.W.;
Hoes, A.W.; de Wit, N.J. Routine primary care data for scientific research, quality of care programs and educational purposes: The
Julius General Practitioners’ Network (JGPN). BMC Health Serv. Res. 2018, 18, 1–9. [CrossRef]

27. Dutch College of General Practitioners NTICoPC. Version 6. (Dutch translation derived from ICPC-1 by the WONCA International
Classification Committee). 2018.

28. Shapley, M.; Mansell, G.; Jordan, J.L.; Jordan, K.P. Positive predictive values of ≥5% in primary care for cancer: Systematic review.
Br. J. Gen. Pract. 2010, 60, e366–e377. [CrossRef]

29. Jones, R.; Latinovic, R.; Charlton, J.; Gulliford, M. Alarm symptoms in early diagnosis of cancer in primary care: Cohort study
using General Practice Research Database. BMJ 2007, 334, 1040. [CrossRef]

30. McLaughlin, J.M.; Anderson, R.T.; Ferketich, A.K.; Seiber, E.E.; Balkrishnan, R.; Paskett, E.D. Effect on Survival of Longer
Intervals Between Confirmed Diagnosis and Treatment Initiation Among Low-Income Women With Breast Cancer. J. Clin. Oncol.
2012, 30, 4493–4500. [CrossRef]

31. Degeling, K.; Baxter, N.N.; Emery, J.; Jenkins, M.A.; Franchini, F.; Gibbs, P.; Mann, G.B.; McArthur, G.; Solomon, B.J.; Ijzerman, M.J.
An inverse stage-shift model to estimate the excess mortality and health economic impact of delayed access to cancer services
due to the COVID-19 pandemic. Asia-Pacific J. Clin. Oncol. 2021, 17, 359–367. [CrossRef]

32. Malagón, T.; Yong, J.H.; Tope, P.; Miller, W.H., Jr.; Franco, E.L.; McGill Task Force on the Impact of COVID-19 on Cancer Control
and Care. Predicted long-term impact of COVID-19 pandemic-related care delays on cancer mortality in Canada. Int. J. Cancer
2022, 150, 1244–1254. [CrossRef]

33. White, B.; Rafiq, M.; Gonzalez-Izquierdo, A.; Hamilton, W.; Price, S.; Lyratzopoulos, G. Risk of cancer following primary care
presentation with fatigue: A population-based cohort study of a quarter of a million patients. Br. J. Cancer 2022, 126, 1627–1636.
[CrossRef] [PubMed]

34. Schuster, N.A.; de Breij, S.; Schaap, L.A.; van Schoor, N.M.; Peters, M.J.; de Jongh, R.T.; Huisman, M.; Hoogendijk, E.O. Older
adults report cancellation or avoidance of medical care during the COVID-19 pandemic: Results from the Longitudinal Aging
Study Amsterdam. Eur. Geriatr. Med. 2021, 12, 1075–1083. [CrossRef] [PubMed]

http://doi.org/10.1038/bjc.2012.68
http://www.ncbi.nlm.nih.gov/pubmed/22415239
http://doi.org/10.1111/j.2044-8287.2012.02077.x
http://www.ncbi.nlm.nih.gov/pubmed/22536840
http://doi.org/10.3410/f.1100333.556523
https://www.rivm.nl/en/news/third-wave-shows-major-surge-in-hospital-admissions-in-younger-age-groups
http://doi.org/10.1186/s12913-018-3528-5
http://doi.org/10.3399/bjgp10X515412
http://doi.org/10.1136/bmj.39171.637106.AE
http://doi.org/10.1200/JCO.2012.39.7695
http://doi.org/10.1111/ajco.13505
http://doi.org/10.1002/ijc.33884
http://doi.org/10.1038/s41416-022-01733-6
http://www.ncbi.nlm.nih.gov/pubmed/35181753
http://doi.org/10.1007/s41999-021-00514-3
http://www.ncbi.nlm.nih.gov/pubmed/34046874

	Introduction 
	Methods 
	Study Design 
	Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Demographics 
	Incidence of Cancer-Related Symptoms 
	Group Differences 
	Differences in Incidence over First Year of COVID 

	Discussion 
	Main Findings/Results of the Study 
	What This Study Adds 
	Strengths and Weaknesses/Limitations of the Study 

	Conclusions 
	References

