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A B S T R A C T   

Objective: To study the impact of the COVID-19 pandemic and consequent lockdown on the number of diagnoses 
of gynaecological malignancies in the Netherlands. 
Methods: We performed a retrospective cohort study using data from the Netherlands Cancer Registry (NCR) on 
women of 18 years and older diagnosed with invasive endometrial, ovarian, cervical or vulvar cancer in the 
period 2017–2021. Analyses were stratified for age, socioeconomical status (SES) and region. 
Results: The incidence rate of gynaecological cancer was 67/100.000 (n = 4832) before (2017–2019) and 68/ 
100.000 (n = 4833) during (2020) the COVID-19 pandemic. Comparing the number of diagnoses of the two 
periods for the four types of cancer separately showed no significant difference. During the first wave of COVID- 
19 (March-June 2020), a clear decrease in number of gynaecological cancer diagnoses was visible (20–34 %). 
Subsequently, large increases in number of diagnoses were visible (11–29 %). No significant differences in 
incidence were found between different age groups, SES and regions. In 2021 an increase of 5.9 % in number of 
diagnoses was seen. 
Conclusion: In the Netherlands, a clear drop in number of diagnoses was visible for all four types of gynaeco-
logical cancers during the first wave, with a subsequent increase in number of diagnoses in the second part of 
2020 and in 2021. No differences between SES groups were found. This illustrates good organisation of and 
access to health care in the Netherlands.   

1. Introduction 

On 13 March 2020, the WHO declared Europe the epicentre of the 
coronavirus disease 2019 (COVID-19) pandemic. Europe has the highest 
number of reported cases and deaths compared to the rest of the world, 
except China [1]. The first COVID-19 infection in the Netherlands was 
confirmed in February 2020, and quickly spread throughout the country 
with over eight and a half million confirmed cases, over 22.000 deaths 
and over 36 million vaccine doses by 8 November, 2022 [2,3]. 

To contain the spread of COVID-19, the Dutch government imple-
mented an ‘intelligent lockdown’ in March 2020 [4,5]. The second 
lockdown was proclaimed in October as a ‘partial lockdown’. However, 
a full lockdown was proclaimed in December 2020 as the incidence of 
COVID-19 continued to rise. In January 2021, the Netherlands started to 
vaccinate against COVID-19 and in July 2021 the lockdown was lifted. 

Due to increased COVID-19 infections, a new lockdown was imple-
mented in November 2021 [4]. 

Studies from several countries, including the Netherlands, demon-
strated a decrease in cancer diagnosis and surgical volume during the 
COVID-19 pandemic [3,6–16]. However, these studies only assessed the 
specific impact of the pandemic on the incidence of the different types of 
gynaecological cancer during the first wave in 2020, not over a longer 
period. Since the four most common types of gynaecological cancer 
(endometrial, ovarian, cervical and vulvar cancer) differ greatly in terms 
of symptoms, risk factors and mean age of affected patients, the impact 
of the COVID-19 pandemic and subsequent lockdown could have had 
various effects on the incidence of the cancer types [17–20]. Moreover, 
the afore mentioned studies on the effect of the COVID-19 pandemic on 
cancer diagnosis did neither include the effect of different 
socio-economic status groups (SES-groups) on cancer diagnosis nor the 
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impact of the severity of the pandemic. Patients with low SES are known 
to have a poorer life expectancy, and it could be hypothesised that the 
impact of the pandemic or the lockdown may have led to differences 
between SES groups [21]. Knowledge of the specific impact of the 
pandemic on the incidence of the different gynaecological cancers and 
different SES groups will allow a more detailed insight on the impact of 
the pandemic and could help tackle future challenges in cancer care 
during lockdowns and periods of extreme demands on healthcare. 

In this population-based study, using reliable data from the national 
cancer registry (NCR), we aim to evaluate the impact of the COVID-19 
pandemic on gynaecological cancer diagnosis in the Netherlands with 
great detail. 

2. Methods 

2.1. Data collection 

A retrospective population-based cohort study was performed using 
data from the Netherlands Cancer Registry (NCR). The NCR is a 
population-based registry for all newly diagnosed malignancies in the 
Netherlands since 1989. It is based on notification by the registry for 
histo- and cytopathology (PALGA), Dutch hospital data (DHD) or hae-
matology laboratories. The data is routinely extracted from medical files 
from Dutch hospitals by extensively trained and experienced registra-
tion clerks [22]. 

The current study included all patients who were diagnosed with 
either endometrial, ovarian, cervical and/or vulvar cancer in the period 
2017–2021 in the Netherlands. All patients had an invasive tumour and 
were 18 years or older. Patients with synchronous primary tumours of 
different types were categorised as both types. 

2.2. Definitions 

The data was divided into two time periods: before (2017, 2018 and 
2019) and during the COVID-19 pandemic (2020). The social economic 
status (SES) was based on the patients zip code at time of diagnosis. The 
SES was calculated using the median household income and the average 
real estate valuation (WOZ value) and categorised as low, middle or 
high, based on data from Statistics Netherlands [23]. SES was only 
analysed for the total population, endometrial cancer and ovarian can-
cer. The incidence of cervical and vulvar cancer was too low to conduct 
meaningful analyses (<10 patients/month). Age was divided into three 
categories (<60 years, 60–79 years, 80+ years) for the total population, 
endometrial cancer and ovarian cancer. For cervical and vulvar cancer 
only two age groups were used since the incidence was too small to 
conduct meaningful analyses for more groups (<10 patients/month). 
For cervical cancer it was divided into ≤ 60 and > 60 years, as women 
undergo screening until the age of 60 [24]. Vulvar cancer age was 
divided into ≤ 70 and > 70 years, since over half of the patients are older 
than 70 years [25]. Patients were divided into provinces based on the zip 
code of the hospital at time of diagnosis (Friesland, Groningen, Drenthe, 
Gelderland, Flevoland, Overijssel, Noord-Brabant, Limburg, 
Noord-Holland, Zuid-Holland, Utrecht, Zeeland). Per province the cu-
mulative burden of COVID-19 was calculated per 100.000 citizens for 
the first wave of COVID-19 based on data of the National Institute for 
Public Health and the Environment and statistics Netherlands [26,27]. 
The COVID-19 burden was divided into three categories (0–150, 
151–300, <300 per 100.000 citizens). Change in incidence was calcu-
lated per region of COVID-19 burden in the Netherlands. To assess the 
impact of the pandemic after the first year, we calculated the incidences 
and incidence rates for the four types of gynaecological cancer in 2021. 

2.3. Statistical analyses 

For each period, the number of new cancer diagnoses was calculated 
for endometrial, ovarian, cervical and vulvar cancer, as well as for all 

four types combined. The incidence before COVID-19 was calculated by 
using the mean incidence of the years 2017, 2018 and 2019. The min-
imum and maximum incidences were calculated for this period. To 
calculate the differences between before COVID-19 and 2020, the chi- 
square test was used. Incidence per month and per region were calcu-
lated for the period before COVID-19 and 2020. The incidence per re-
gion for the four types of cancer combined was additionally calculated 
for the period during the first wave (March-June). Comparisons were 
stratified by type of cancer, SES, age and region. No stratified analyses 
where performed with an incidence < 10. The incidence rate (IR) per 
100.000 women was calculated for both time periods using data avail-
able from Statistics Netherlands and based on the number of women 
aged 18 and over inthe total population on 1 January of that year in the 
Netherlands [28]. The IR was not calculated for SES since the population 
numbers were not available per group. The difference in absolute 
number of diagnoses was calculated using the incidence rate. The 
change in incidence was calculated as the percentual difference in 
incidence between before COVID-19 and 2020. All analyses were per-
formed using STATA 16.1 (StataCorp, College Station, Texas, USA). P 
values < 0.05 were considered statistically significant. 

3. Results 

The incidence rate for gynaecological cancer before the COVID-19 
pandemic was 67/100.000 women (n = 4832), and the incidence rate 
during the pandemic was 68/100.000 women (n = 4833). There were no 
significant differences in the incidences before (2017–2019) and during 
COVID-19 (2020) for the different cancer types, SES-groups nor age- 
groups (Table 1). 

The period during COVID-19 (2020) was analysed in more detail, 
showing that the incidences of all four cancer types notably decreased 
during the first wave of COVID-19 and corresponding lockdown 
compared to before COVID-19 (2017–2019, Fig. 1A-1D). After the first 
wave (July – December 2020), the incidence of all four types of cancer 
increased with higher incidences compared to before COVID-19. 

3.1. The influence of age on the incidence of gynaecological cancer 

The impact of age on the incidence of gynaecological cancer during 
the COVID-19 pandemic is displayed in detail in Table 1 and Fig. 2. 
Patients < 60 years showed a decrease (− 2.1 %), while patients of 
80 + years showed an increase (2.4 %) in gynaecological cancer di-
agnoses (Table 1). During the first wave of COVID-19, the incidence of 
endometrial cancer decreased in all three age groups and subsequently 
increased after the first wave (Fig. 2A). For ovarian cancer large in-
creases in incidence were visible for the age groups <60 and 80 + years 
after the first wave and the incidence decreased after the second lock-
down (Fig. 2B). For cervical cancer the largest decrease in incidence in 
cervical cancer patients was seen in the group ≤ 60 years (− 4.7 %, 
Table 1). Both age groups in cervical cancer showed similar decreases in 
diagnoses during the first wave and increases after the first wave 
(Fig. 2C). For vulvar cancer, a decrease in incidence was only observed 
in patients of ≤ 70 years (− 4.7 %, Table 1). 

3.2. The influence of SES on the incidence 

For all gynaecologic cancers together, the decrease in incidence for 
patients with intermediate and high SES were similar (− 1.1 %, − 1.9 % 
respectively, Table 1). In endometrial cancer, the incidence in patients 
with a low SES showed a decrease (− 1.4 %, Table 1). The incidence in 
patients with low SES decreased during the second lockdown compared 
to before COVID-19, while the incidence in the other SES groups 
increased, aligning to the incidence before the pandemic (2017–2019,  
Fig. 3A). In ovarian cancer, a decrease in incidence was visible in the 
high SES group (− 5.2 %, Table 1). Increases were visible in patients with 
low SES after the first wave and decreased after the second lockdown, 
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Table 1 
Incidence of gynaecological cancer before and during COVID-19, by cancer type, age, SES and region.    

Before COVID-19 (2017-2019) During COVID-19 (2020) Difference* p-value   
N (IR) N (IR)   

All types of gynaecological cancer Cancer type    NS 
Endometrial 2118 (30) 2143 (30) 1.2% 
Ovarian 1440 (20) 1462 (21) 1.5% 
Cervical 834 (12) 797 (11) -4.4% 
Vulva 440 (6) 431(6) -2.0% 
Age    NS 
<60 1575 (33) 1542 (32) -2.1% 
60-79 2517 (139) 2532 (135) 0.6% 
80+ 741 (153) 759 (150) 2.4% 
SES    NS 
Low 1371 1377 0.4% 
Intermediate 1626 1608 -1.1% 
High 1322 1297 -1.9% 
Unknown 513 551  
Region    NS 
North 575 (82) 554 (78) -3.7% 
East 1010 (69) 1024 (69) 1.4% 
South 1073 (72) 1085 (71) 1.1% 
West 2172 (95) 2166(63) -0.3% 
Unknown 2 4  

Endometrial cancer Age    NS 
<60 454 449 -1.1% 
60-79 1335 1374 2.9% 
80+ 329 320 -2.7% 
SES    NS 
Low 574 566 -1.4% 
Intermediate 727 737 1.4% 
High 591 608 2.9% 
Unknown 226 232  
Region    NS 
North 257 254 -1.2% 
East 462 479 3.7% 
South 471 486 3.2% 
West 927 922 -0.5% 
Unknown 1 2  

Ovarian cancer Age    NS 
<60 399 394 -1.3% 
60-79 803 800 -0.4% 
80+ 238 268 12.6% 
SES    NS 
Low 379 387 2.1% 
Intermediate 491 492 0.2% 
High 426 404 -5.2% 
Unknown 144 179  
Region    NS 
North 164 150 -8.5% 
East 307 335 9.1% 
South 332 330 -0.6% 
West 636 647 1.7% 
Unknown 1 0  

Cervical cancer Age    NS 
≤60 632 602 -4.7% 
>60 202 195 -3.5% 
SES    NS 
Low 268 268 0% 
Intermediate 266 241 -9.4% 
High 204 196 -3.9% 
Unknown 96 92  
Region    NS 
North 100 96 -4.0% 
East 144 114 -20.8% 
South 179 172 -3.9% 
West 412 415 -0.7% 
Unknown 0 0  

Vulvar cancer Age    NS 
≤70 211 201 -4.7% 
>70 229 230 0.4% 
SES    NS 
Low 150 156 4.0% 
Intermediate 142 138 -2.8% 
High 101 89 -11.9% 
Unknown 47 48  
Region    NS 

(continued on next page) 
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while the incidence increased after the lockdown for the patients with 
intermediate and high SES (Fig. 3B). 

3.3. The influence of severity of the pandemic on the incidence 

In the northern provinces of the Netherlands, the number of COVID- 
19 affected patients during the first wave was much lower than in the 
southern provinces, as depicted in Fig. 4. During the first wave, an in-
crease in incidence in gynaecological cancer diagnoses was visible in the 
southern region with an intermediate COVID-19 burden (51–200 posi-
tive COVID-19 patients per 100.000 citizens). The largest decreases in 
incidence in gynaecological cancer were seen in the central and the 

southern parts of the Netherlands in intermediate and high COVID-19 
burden regions. The area with a low COVID-19 burden showed a small 
decrease in number of diagnoses. 

3.4. Incidence after the first year of COVID-19 

In 2021 the incidence for all types of gynaecological cancer increased 
to 5118, with an incidence rate of 71/100.000 women. That is an in-
crease of 5.9 % compared to the period before (2017–2019, IR 67/ 
100.000 women) and 5.9 % during the pandemic (2020, IR 68/100.000 
women). Compared to the period before the COVID-19 pandemic, the 
largest increase in diagnoses was visible for cervical cancer (13.7 %) 

Table 1 (continued )   

Before COVID-19 (2017-2019) During COVID-19 (2020) Difference* p-value   
N (IR) N (IR)   

North 55 54 -1.8% 
East 98 96 -2.0% 
South 90 97 7.8% 
West 196 182 -7.1% 
Unknown 1 2  

Data are reported as n of patients (incidence rate per 100.000 women) unless otherwise indicated. Significance was tested using the chi2 *Calculated as the difference between the 

period before COVID-19 (2017-2019) and 2020. Abbreviation: IR incidence rate, SES socioeconomic status, NS not statistically significant 

Fig. 1. Incidence of gynaecological cancers before and during COVID-19. The change in incidence for the four types of gynaecological cancers: endometrial (A), 
ovarian (B), cervical (C) and vulvar (D) cancer for the period before COVID-19 (2017–2019; with its minimum and maximum incidence: grey dotted line) and 2020 
per month. 1first lockdown 2020, 2second lockdown 2020. 

E.J. Oymans et al.                                                                                                                                                                                                                              



Cancer Epidemiology 85 (2023) 102405

5

followed by endometrial cancer (8.8 %) and vulvar cancer (2.7 %). A 
decrease was visible for ovarian cancer (− 1.9 %). To assess whether the 
incidence was normalised after the COVID-19 pandemic, we compared 
the mean incidence of 2020 and 2021 together (n = 4976) with the 
period before COVID-19 (n = 4832) in order to display trends over time. 
There was an overall increase in incidence of 3.0 %. 

4. Discussion 

Our results showed an unequivocal decrease in the number of 
gynaecological malignancies during the first wave of COVID-19 and 
especially during the first lockdown period in the Netherlands. 
Furthermore, our results showed an partial catch-up in incidence in 
2021, suggesting delayed diagnosis. 

As presented by others, we showed a decrease in gynaecological 
cancer diagnoses [3,6,29]. For the four types of gynaecological cancer 
the study of Dinmohamed et al. showed a decrease in incidence of up to 
approximately 30 %, the study of Jacob et al. found a decrease in inci-
dence of 3.9–26.4 % and Tsibulak et al. reported a decrease in incidence 
of 34 %− 53 % [3,6,29]. Interestingly these previous studies showed 
larger decreases in incidences of the gynaecological cancers compared to 
the results we present. The differences in outcomes between the studies 
are likely due to the fact that we assessed a longer period: we took the 

whole of 2020 into account and consequently the catch-up after the first 
wave is included in our results. Moreover, the absolute incidences are 
higher in our study compared to the previous studies (before COVID-19 
n = 4832, 2020 n = 4833), which increases our statistical power. 

The cause of the decrease in incidence in 2020 is multifactorial. 
Patient delay may have been caused by both fear of contracting COVID- 
19 in the hospital and by concern to burden the healthcare workers with 
their non-COVID-19 related symptoms, and consequently delayed visits 
[30]. This phenomenon was seen in a Dutch study which suggested that 
the decline in admission rates could be partially explained by fear of the 
novelty of the disease, as well as by the lockdowns and the social 
distancing [31]. This theory is supported by our finding that the largest, 
although not significant, decrease in incidence was seen in the 
80 + years age groups, who are considered to be the most vulnerable 
(and consequently most frightened) patients for COVID-19 [32]. 
Furthermore, symptoms of gynaecological cancer, especially ovarian 
cancer, are frequently unspecific, and therefore not directly associated 
with cancer by patients. Tsibulak et al. found that of the patients who 
visited the hospital in 2020, significantly more presented with 
tumour-specific symptoms compared to 2019. They suggested that pa-
tients with tumour-specific symptoms were forced by their symptoms to 
visit a doctor, while patients with non-specific symptoms (e.g. symptoms 
caused by ovarian cancer) delayed their visit or did not go at all [6]. 

Fig. 2. Change in incidence over time for each age group. The change in incidence for three types of gynaecological cancers: endometrial (A), ovarian (B) and 
cervical (C) cancer for the period before COVID-19 (2017–2019) and during COVID-19 (2020) per age group per month. 1first lockdown 2020, 2second lock-
down 2020. 
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Fig. 3. Change in incidence over time for each category of SES. The change in incidence for two types of gynaecological cancers: endometrial (A) and ovarian (B) 
cancer for the period before COVID-19 (2017–2019) and during COVID-19 (2020) per month for low, intermediate and high SES. 1first lockdown 2020, 2second 
lockdown 2020. 

Fig. 4. Change in incidence in the Netherlands during the first wave (March-June) of the COVID-19 pandemic. Map of the Netherlands with the change in 
incidence for gynaecological cancer during the first wave of COVID-19 (March-June). The colours show the cumulative COVID-19 burden per 100.000 in the period 
March-June. The arrows indicate an in/decrease in incidence during the pandemic compared to the period before the pandemic. 
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Furthermore, in person visits to the general practitioner (GP) were 
partially replaced by telephone or videocall without physical examina-
tion [33]. This could have resulted in fewer abnormal findings based on 
non-specific symptoms which caused a delay in diagnosis. Moreover, in 
March 2020, there was a temporary halt to the cervical cancer screening 
programme. Fewer invitations to participate in the cervical cancer 
screening programme were sent out, which may have resulted in fewer 
diagnoses of precancerous lesions [34]. Several studies predicted an 
increase in cervical cancer due to the temporary halt of the screening 
programme [35,36]. Further research is needed to investigate the exact 
cause of the drop in incidence, and the increase in incidence in 2021. 

Our study showed an increase in incidence in 2021 compared to the 
period before COVID-19 (2017–2019) and 2020 (5.9 %). The question 
remains whether the catch-up in delayed diagnosis was completed in 
2021, catch-up continued in 2022 or that patients died undiagnosed. A 
recent report published by the Netherlands Comprehensive Cancer 
organisation (IKNL) showed the expected incidence of (gynaecological) 
cancer until 2032 [37]. For both cervical and ovarian cancer a slight 
decrease in incidence is expected in the next few years, possibly due to 
the HPV vaccination and the use of contraceptives, while for endome-
trial cancer an increase in incidence is expected, possibly due to obesity 
and/or the aging population. Based on the incidences in 2021, the 
comparison of the mean incidence in 2020 and 2021 with the period 
before COVID-19 (3.0 % increase in incidence) and the afore mentioned 
report, we conclude that it is likely that the catch-up of delayed 
gynaecological cancer diagnosis during COVID-19 (2020) was 
completed in 2021. 

Surprisingly we found no statistically significant difference in inci-
dence between SES groups. This finding was supported by a Turkish 
study which suggested that the consequences of the COVID-19 pandemic 
with regard to fear and consequent patient delay impacted all SES 
groups equally [38]. Although SES can be more variable in Turkey than 
in the Netherlands, our results suggest that SES by itself may not influ-
ence the decrease in number of diagnoses and decrease in incidence. 

Given the difference in COVID-19 burden throughout the country, 
we tried to evaluate the impact of the pandemic on the incidence of 
gynaecological cancers. We found no statistically significant differences 
in gynaecological cancer incidence between the different regions ac-
cording to COVID-19 burden before and during the COVID-19 
pandemic. The difference in COVID-19 burden throughout the country 
does not seem to impact the increase or decrease in incidence gynae-
cological cancer during the first wave of the pandemic. We conclude that 
the decrease in incidence seen regardless of the COVID-19 burden are 
not caused by the COVID-19 infections, but more likely by the nation- 
wide regulations and restrictions as a result of the lockdown. 

Our study gives a clear overview on the influence of the COVID-19 
pandemic on the incidence of the four most common gynaecological 
cancer types in the Netherlands. Data from the nationwide NCR data-
base was used of which the vast majority is pathologically confirmed, 
but also includes a few cases of patients without a pathologically 
confirmed malignancy, which gives a complete overview of the inci-
dence in the Netherlands. However, this study had some limitations. 
First, the incidence of gynaecological cancer is relatively low, especially 
for cervical cancer and vulvar cancer, which hampers robust statistical 
analyses. Secondly, the use of SES data has a limitation since postal 
codes are used as a proxy of SES. For this reason SES cannot accurately 
be estimated in around 11 % of patients. Patients living in a postal code 
area with fewer than 10 addresses are missing, for reasons of anonym-
isation of databases. Such areas could either be wealthy villa districts or 
poorer, sparsely populated areas. Although this method has proven to be 
useful and reliable, this could have led to an underestimation of certain 
SES groups, although the difference will be small because of the small 
number of patients from whom the postal code was missing. 

Our results show that the initial wave of the COVID-19 pandemic in 
the Netherlands had a profound effect on the incidence of gynaeco-
logical cancer, on highly symptomatic tumour types as well as of tumour 

types known from scarcity of symptoms or severe symptoms, but with a 
high mortality. After the first wave a nearly complete catch up is seen, 
illustrating good organisation and accessibility of health care. Interest-
ingly no relationship with SES was shown. Future studies will be 
necessary to evaluate the impact of delayed diagnosis on outcome. 

Since the measures taken against COVID-19 seemed to be more 
important than the burden of the pandemic itself, we advise primary 
health care should remain easy accessible to prevent delayed diagnosis, 
especially for cancer types with non-specific symptoms like ovarian 
cancer. 

5. Conclusion 

It can be concluded that there was a profound decrease in gynae-
cological cancer diagnoses during the first wave of the COVID-19 
pandemic in 2020 in the Netherlands. This decrease was caught up at 
the end of 2020 and in 2021, demonstrated by an increase in incidence 
compared to the reference period (2017–2019). The delay in diagnosis is 
likely caused by the (nationwide) measures during the pandemic and not 
by the pandemic itself. All SES groups were equally affected by the 
pandemic and the lockdown measures, indicating an equality with re-
gard to accessibility of health care. Future studies are needed to inves-
tigate how the pandemic impacted the stage at diagnosis, treatment and 
outcome in order to provide a complete picture of the impact of the 
COVID-19 pandemic on gynaecological cancer care in the Netherlands. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

CRediT authorship contribution statement 

E.J. Oymans: Formal analysis, Writing - Original Draft. C.D. de 
Kroon: Conceptualization, Writing - Review & Editing, Supervision. J. 
Bart: Conceptualization, Writing - Review & Editing, Supervision. H.W. 
Nijman: Writing - Review & Editing. M.A. van der Aa: Conceptuali-
zation, Writing - Review & Editing, Supervision. 

Declaration of Competing Interest 

Prof. dr. Nijman reports grants from the Dutch Cancer Society (KWF), 
the European Research Council (ERC), Health Holland (HH), Mendus, 
BioNovion, Aduro Biotech Vicinivax and Genmab (all paid to the insti-
tute), non-financial support from BioNTech and Merck Sharp & Dohme, 
compensation (paid to the institute) for advisory roles for Merck Sharpe 
& Dohme, and is director Clinical Research and stockholder Vicinivax & 
stockholder in Sairopa, outside the submitted work. Dr. Bart reports a 
grant from the Dutch Cancer Society (KWF) and financial support from 
Boer Fonds and Astra Zeneca, outside the submitted work. All other 
authors do not have any conflict of interest to declare. 

References 

[1] World Health Organisation "WHO Director-General’s opening remarks at the media 
briefing on COVID-19 - 13 March 2020." https://www.who.int/director-general/ 
speeches/detail/who-director-general-s-opening-remarks-at-the-mission-briefing- 
on-covid-19—13-march-2020 (accessed 08–03-2021). 

[2] World Health Organisation "WHO Coronavirus (COVID-19) Dashboard." https:// 
covid19.who.int/ (accessed 08–11-2022). 

[3] A.G. Dinmohamed, et al., Fewer cancer diagnoses during the COVID-19 epidemic 
in the Netherlands, Lancet Oncol. vol. 21 (6) (2020) 750–751, https://doi.org/ 
10.1016/s1470-2045(20)30265-5. 

[4] National Institute for Public Health and the Environment (RIVM). Coronavirus 
tijdlijn. https://www.rijksoverheid.nl/onderwerpen/coronavirus-tijdlijn (accessed 
05–10-2021). 

[5] M. de Haas, R. Faber, M. Hamersma, How COVID-19 and the Dutch ’intelligent 
lockdown’ change activities, work and travel behaviour: evidence from 

E.J. Oymans et al.                                                                                                                                                                                                                              



Cancer Epidemiology 85 (2023) 102405

8

longitudinal data in the Netherlands, (in eng), Transp. Res. Interdiscip. Perspect. 
vol. 6 (2020), 100150, https://doi.org/10.1016/j.trip.2020.100150. 

[6] I. Tsibulak, et al., Decrease in gynecological cancer diagnoses during the COVID-19 
pandemic: an Austrian perspective, Int J. Gynecol. Cancer vol. 30 (11) (2020) 
1667–1671, https://doi.org/10.1136/ijgc-2020-001975. 

[7] V. Zadnik, et al., Impact of COVID-19 on cancer diagnosis and management in 
Slovenia - preliminary results, Radio. Oncol. vol. 54 (3) (2020) 329–334, https:// 
doi.org/10.2478/raon-2020-0048. 

[8] G. Del Vecchio Blanco, E. Calabrese, L. Biancone, G. Monteleone, O.A. Paoluzi, The 
impact of COVID-19 pandemic in the colorectal cancer prevention, Int. J. 
Colorectal Dis. vol. 35 (10) (2020) 1951–1954, https://doi.org/10.1007/s00384- 
020-03635-6. 

[9] C. Maringe, et al., The impact of the COVID-19 pandemic on cancer deaths due to 
delays in diagnosis in England, UK: a national, population-based, modelling study, 
Lancet Oncol. vol. 21 (8) (2020) 1023–1034, https://doi.org/10.1016/s1470-2045 
(20)30388-0. 

[10] E. Mahase, Covid-19: Urgent cancer referrals fall by 60%, showing "brutal" impact 
of pandemic, BMJ vol. 369 (2020) m2386, https://doi.org/10.1136/bmj.m2386. 

[11] C.H. Earnshaw, H.J.A. Hunter, E. McMullen, C.E.M. Griffiths, R.B. Warren, 
Reduction in skin cancer diagnosis, and overall cancer referrals, during the COVID- 
19 pandemic, Br. J. Dermatol. vol. 183 (4) (2020) 792–794, https://doi.org/ 
10.1111/bjd.19267. 

[12] L. De Vincentiis, R.A. Carr, M.P. Mariani, G. Ferrara, 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. vol. 74 (3) (2021) 187–189, 
https://doi.org/10.1136/jclinpath-2020-206833. 

[13] T. Gathani, G. Clayton, E. MacInnes, K. Horgan, The COVID-19 pandemic and 
impact on breast cancer diagnoses: what happened in England in the first half of 
2020, Br. J. Cancer vol. 124 (4) (2021) 710–712, https://doi.org/10.1038/s41416- 
020-01182-z. 

[14] T. Kaltofen, et al., Changes in gynecologic and breast cancer diagnoses during the 
first wave of the COVID-19 pandemic: analysis from a tertiary academic gyneco- 
oncological center in Germany, Arch. Gynecol. Obstet. vol. 305 (3) (2022) 
713–718, https://doi.org/10.1007/s00404-021-06211-7. 

[15] A. Leibold, K. Papatla, K.P. Zeligs, S.V. Blank, COVID-19 and gynecologic oncology: 
what have we learned? Curr. Treat. Options Oncol. vol. 22 (12) (2021) 117, 
https://doi.org/10.1007/s11864-021-00905-5. 

[16] M.D. Algera, W.J. van Driel, B.F.M. Slangen, R. Kruitwagen, M. Wouters, Impact of 
the COVID-19-pandemic on patients with gynecological malignancies undergoing 
surgery: a Dutch population-based study using data from the ’Dutch Gynecological 
Oncology Audit’, Gynecol. Oncol. vol. 165 (2) (2022) 330–338, https://doi.org/ 
10.1016/j.ygyno.2022.02.013. 

[17] S. Uccella, F. Ghezzi, F. Multinu, J.N. Bakkum-Gamez, A. Mariani, Endometrial 
cancer: epidemiology and treatment, in Textbook of gynaecological oncology: 
European Society of Gynaecological Oncology, ch. 60, pp. 529–538. 

[18] C. Stewart, C. Ralyea, S. Lockwood, Ovarian cancer: an integrated review, Semin 
Oncol. Nurs. vol. 35 (2) (2019) 151–156, https://doi.org/10.1016/j. 
soncn.2019.02.001. 

[19] P.A. Cohen, A. Jhingran, A. Oaknin, L. Denny, Cervical cancer, Lancet vol. 393 
(10167) (2019) 169–182, https://doi.org/10.1016/s0140-6736(18)32470-x. 

[20] K. Galaal, N. Das, A. d B. Lopes, Vulval cancers; epidemiology and treatment, in 
Textbook of gyneacological oncology: European Society of Gynaecological 
Oncology, ch. 114, pp. 911–916. 

[21] S. Stringhini, et al., Socioeconomic status and the 25×25 risk factors as 
determinants of premature mortality: a multicohort study and meta-analysis of 1⋅7 
million men and women, Lancet vol. 389 (10075) (2017) 1229–1237, https://doi. 
org/10.1016/s0140-6736(16)32380-7. 

[22] Netherlands Comprehensive Cancer Organisation (IKNL). Netherlands Cancer 
Registry (NCR). https://iknl.nl/en/ncr (accessed 05–10-2021). 

[23] Statistics Netherlands (CBS). Data by postal code. https://www.cbs.nl/en-gb/onze- 
diensten/urban-data-centres/maatschappij/data-by-postal-code (accessed 06–10- 
2021). 

[24] National Institute for Public Health and the Environment (RIVM). Cervical cancer 
screening programme. https://www.rivm.nl/en/cervical-cancer-screening- 
programme (accessed 05–10-2021). 

[25] American Cancer Society. Risk Factors for Vulvar Cancer. https://www.cancer. 
org/cancer/vulvar-cancer/causes-risks-prevention/risk-factors.html (accessed 
06–10-2021). 

[26] National Institute for Public Health and the Environment (RIVM). Covid-19 
cumulatieve aantallen per gemeente. https://data.rivm.nl/meta/srv/eng/catalog. 
search#/metadata/1c0fcd57–1102-4620–9cfa-441e93ea5604 (accessed 21–06- 
2022). 

[27] Statistics Netherlands (CBS). Regionale kerncijfers Nederland. https://opendata. 
cbs.nl/#/CBS/nl/dataset/70072ned/table (accessed 21–6-2022). 

[28] Statistics Netherlands (CBS) Statline. Population; key figures. https://opendata. 
cbs.nl/statline/#/CBS/en/dataset/37296eng/table?ts=1633521613525 (accessed 
06–10-2021). 

[29] L. Jacob, S.H. Loosen, M. Kalder, T. Luedde, C. Roderburg, K. Kostev, Impact of the 
COVID-19 Pandemic on Cancer Diagnoses in General and Specialized Practices in 
Germany, Cancers (Basel), vol. 13, no. 3, (Jan 22 2021), doi: 10.3390/ 
cancers13030408. 

[30] M.S. Lambooij, M. Heins, L. Jansen, M. Meijer, S. Vader, J. d Jong. Het mijden van 
huisartsenzorg tijdens de coronapandemie: Inzicht in verminderde huisartsenzorg 
tijdens de coronapandemie, 2022, https://doi.org/10.21945/RIVM-2021-0227. 

[31] D.G. Barten, G.H.P. Latten, F.H.M. van Osch, Reduced emergency department 
utilization during the early phase of the COVID-19 pandemic: viral fear or 
lockdown effect? Disaster Med Public Health Prep. (2020) 1–4, https://doi.org/ 
10.1017/dmp.2020.303. 

[32] Centers for Disease Control and Prevention (CDC). COVID-19 Risks and Vaccine 
Information for Older Adults." https://www.cdc.gov/coronavirus/2019-ncov/ 
need-extra-precautions/older-adults.html (accessed 06–10-2021). 

[33] A. de Sutter, et al., Family medicine in times of ’COVID-19’: a generalists’ voice, (in 
eng), Eur. J. Gen. Pr. vol. 26 (1) (2020) 58–60, https://doi.org/10.1080/ 
13814788.2020.1757312. 

[34] Netherlands Comprehensive Cancer organisation, National monitoring of the 
cervical cancer screening programme in the Netherlands 2020, 14–06-2023 2021. 
[Online]. Available: https://iknl.nl/getmedia/743751ef-1913–40a1–832d- 
38d1ad94015f/National-monitoring-of%C2%A0cervical-cancer-screening-in-the- 
Netherlands-2020.pdf. 

[35] A. Castanon, M. Rebolj, F. Pesola, P. Sasieni, Recovery strategies following COVID- 
19 disruption to cervical cancer screening and their impact on excess diagnoses, (in 
eng), Br. J. Cancer vol. 124 (8) (2021) 1361–1365, https://doi.org/10.1038/ 
s41416-021-01275-3. 

[36] E.A. Burger, et al., Impact of COVID-19-related care disruptions on cervical cancer 
screening in the United States, (in eng), J. Med Screen vol. 28 (2) (2021) 213–216, 
https://doi.org/10.1177/09691413211001097. 

[37] Netherlands Comprehensive Cancer organisation Kanker in Nederland: trends & 
prognoses tot en met 2032." https://iknl.nl/nieuws/2022/aantal-diagnoses- 
kanker-stijgt (accessed 12–1-2023. 

[38] M. Baloglu, K. Karatas, I. Arpaci, Psychosocial and Socio-Economic Effects of the 
COVID-19 Pandemic on Turkish Populations, in Emerging Technologies During the 
Era of COVID-19 Pandemic: Springer, 2021, pp. 245–258. 

E.J. Oymans et al.                                                                                                                                                                                                                              


