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ARTICLE INFO ABSTRACT

Keywords: Introduction: The COVID-19 outbreak has affected care for non-COVID diseases like cancer. We evaluated the
Coronavirus impact of the COVID-19 outbreak on prostate cancer care in the Netherlands.

SARS-CoV-2

Methods: Prostate cancer diagnoses per month in 2020-2021 versus 2018-2019 were compared based on pre-

E?;t;tzzrze()plasms liminary data of the Netherlands Cancer Registry (NCR) and nationwide pathology network. Detailed data was
Treatment retrieved from the NCR for the cohorts diagnosed from March-May 2020 (first COVID-19 wave) and March-May

2018-2019 (reference). Changes in number of diagnoses, age, disease stage and first-line treatment were
compared.

Results: An initial decline of 17% in prostate cancer diagnoses during the first COVID-19 wave was observed.
From May onwards the number of diagnoses started to restore to approximately 95% of the expected number by
the end of 2020. Stage at diagnosis remainedstable over time. In low-risk localised prostate cancer radical
prostatectomy was conducted more often in week 9-12 (21% versus 12% in the reference period; OR=1.9, 95%
CL; 1.2-3.1) and less active surveillance was applied (67% versus 78%; OR=0.6, 95% CI; 0.4-0.9). In the
intermediate-risk group, a similar change was observed in week 13-16. Radical prostatectomy volumes in 2020
were comparable to 2018-2019.

Microabstract: The number of new prostate cancer diagnoses declined substantially during the first COVID-19 wave (17%). Towards the end of 2020 the number of
new diagnoses had largely recovered but remained lower than expected. Changes in treatment were limited and adherent to adapted guidelines. Although delayed
diagnoses could result in a less favourable stage distribution, possibly affecting survival, this seems not very plausible.Clinical practice points: In this study we have
evaluated the impact of the COVID-19 outbreak on the number of prostate cancer diagnoses, disease stage and treatment in the Netherlands in 2020. Nationwide data
on the effects of the COVID-19 pandemic on prostate cancer care are scarce. We have demonstrated that the COVID-19 outbreak resulted in a strong decline in
prostate cancer diagnoses. This number largely restored during the second half of 2020 but remained lower than expected. Based on the currently available data, we
do not observe an effect on disease stage due to delayed diagnosis. Observed treatment changes, i.e. less active surveillance and more radical prostatectomies in low
and intermediate risk prostate cancer, were temporary. Other treatment changes were compliant with adapted recommendations in guidelines. The impact of the first
COVID-19 wave on men with de novo prostate cancer appears to be limited, although long term effects have to be evaluated in the near future. Insight in short and
long term impact of the COVID-19 outbreak can be used to define recommendations on clinical management to support optimal organisation of prostate cancer care
in the future.
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Conclusion: During the first COVID-19 wave the number of prostate cancer diagnoses declined. In the second half
of 2020 this largely restored although the number remained lower than expected. Changes in treatment were
temporary and compliant with adapted guidelines. Although delayed diagnoses could result in a less favourable
stage distribution, possibly affecting survival, this seems not very likely.
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ARTA:  Androgen Receptor Targeted Agents

COVID-19: Corona virus 2019

EAU: European Association of Urology
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FMS: Federation of Medical Specialists

GP: General Practitioner

IKNL: Netherlands Comprehensive Cancer Organization

ISUP: International Society of Urological Pathology

NCR: Netherlands Cancer Registry

NVU: Dutch Urological Association

PALGA: The nationwide network and registry of histo- and
cytopathology in the Netherlands

PSA: Prostate Specific Antigen

SES: Socioe Economic Status

TNM: Tumour, Node, Metastasis

Introduction

Since the outbreak of the corona virus 2019 (COVID-19), the
pandemic has continued to put a strain on society and healthcare. To
date, over 220 million cases and over 4.5 million deaths have been
registered worldwide [1]. In the Netherlands, the first COVID-19 case
was diagnosed at the end of February 2020 in the Southern part of the
country [2]. From the 23th of March, the Dutch government imple-
mented a lockdown and strict social distancing measures to prevent the
spread of COVID-19 [3,4]. As a result of the increasing number of
infected patients and patients who needed to be admitted in the hospital,
non-urgent procedures and treatments in hospitals were often postponed
or cancelled [4,5]. Furthermore, appointments with the general practi-
tioner (GP) were cancelled by patients who feared to become infected or
who wanted to alleviate the healthcare system [5]. National screening
programs, available in the Netherlands for breast, colorectal and cervi-
cal cancer, were temporary halted on the 16th of March. During this
period, a substantial and alarming decline in het nationwide number of
cancer diagnoses in the Netherlands was seen [6].

Preliminary data as presented by the Netherlands Comprehensive
Cancer Organisation (Integraal Kankercentrum Nederland; IKNL)
demonstrated a decline of 20-25% in cancer diagnoses of all sites,
including a decline in urological cancer diagnoses [6]. During the first
three months of the COVID-19 outbreak, at least 5000 less cancer di-
agnoses were made compared to 2019 [7]. To help clinicians prioritise
diagnostic and surgical procedures in urological care during the first
COVID-19 wave, adapted guidelines were published by several national
and international associations, including the European Association of
Urology (EAU) and the Federation of Medical Specialists (FMS). In low-
and intermediate-risk localised prostate cancer, the advice was to avoid
or postpone invasive procedures (e.g. prostatectomy and brachyther-
apy). In high-risk localized/locally advanced prostate cancer, it was
recommended to consider external beam radiotherapy (EBRT) after an
extended period of androgen deprivation therapy (ADT). In case of
metastatic disease, it was recommended to avoid ADT combined with
docetaxel and consider treatment with androgen receptor targeted
agents (ARTA) instead [8-10]. The main considerations in drafting these
adapted guidelines were the urgency of procedures, the risk of post-
poning elective care and the available capacity. In addition, the risk of
adverse effects or events due to treatment, like risk of infection after

chemotherapy were taken into account [8-10].

In the Netherlands, prostate cancer is the most common cancer
amongst men with approximately 12.000 new diagnoses each year [11].
Prostate cancer is generally detected following opportunistic screening
at the general practitioners’ (GP) office or because men visit the GP with
complaints that may be related to prostate cancer. There is no formal
population-based screening program for prostate cancer in the
Netherlands. As the exact impact of the COVID-19 outbreak on prostate
cancer care is largely unknown, and as data so far were incomplete, we
aimed to report the impact of COVID-19 on 1) the number of prostate
cancer diagnoses, 2) age and disease stage at diagnosis and 3) (time to)
treatment strategies per disease stage in the Netherlands. Furthermore,
the effect of the outbreak on biopsies and surgical capacity concerning
radical prostatectomies will be evaluated.

Patients and methods
Patient selection

Data from the Netherlands Cancer Registry (NCR) were used for this
historic cohort study. The NCR is a population based cancer registry
maintained by IKNL and contains information on all newly diagnosed
cancer patients in the Netherlands since 1989 [11]. Newly diagnosed
cancers are identified through the nationwide Pathological Anatomical
National Automated Archive (PALGA)[12] supplemented by the Dutch
Hospital Data (DHD), which contains all hospital discharge diagnoses, to
identify cancer diagnoses without histological confirmation. Patient-
and tumour characteristics, disease stage and first-line treatment are
routinely collected by trained data managers through consultation of the
electronic health records. Vital status is updated annually by means of
record linkage with the Personal Records Database.

To evaluate recent effects of the COVID-19 outbreak on the number
of prostate cancer diagnoses and surgical volume of radical prostatec-
tomies, we derived preliminary data from prostate cancer cases diag-
nosed in the period January 2018 - May 2021 from the NCR. These data
are largely based on data from PALGA and included only date of diag-
nosis, gender, topography, morphology, and date of radical prostatec-
tomy (if applicable). To evaluate the effects of the COVID-19 outbreak
on biopsies performed, the number of biopsies and pathological results
(i.e. malignant or non-malignant) were derived from the PALGA data-
base from January 2015 to January 2021.

Additionally, to evaluate effects of the COVID-19 outbreak during
the first wave, all patients newly diagnosed with or treated for prostate
cancer (International Classification of Diseases for Oncology (ICD-O-3)
topography code C61) between January-May (week 2-22) in 2020 and
in 2018-2019 were identified in the NCR. We retrieved detailed data
from the NCR on patient characteristics (age at diagnosis, postal code),
tumour characteristics (Gleason grade, prostate specific antigen (PSA) at
diagnosis, disease stage)), and primary treatment characteristics (type
and date of treatment). Socioeconomic status (SES) was derived from
Statistics Netherlands and was based on the patients’ postal code. Five
geographical regions were determined, based on postal code. Disease
stage was defined according to the eighth edition of the tumour, node
and metastasis (TNM) classification [13].

Definitions

Patients diagnosed or treated between the 1st of March and the 31st
of May 2020 were considered the COVID-cohort, and patients diagnosed
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or treated during the same period in 2018-2019 were considered the
reference cohort. Both cohorts were divided into time periods based on
COVID-19-related events occurring in 2020: week 9-12, week 13-16
and week 17-22. In week 9, the first Dutch COVID-19 patient was
officially diagnosed [2]. In week 13, the Netherlands went into national
lockdown[4] and in week 17 the first effects are to be expected from the
national call to resume visiting the GP in case of any symptoms, as a
decline in GP consultations was seen [14]. Week 2—-8 was considered the
pre-COVID period and week 9-22 the first COVID-19 wave. These time
periods were used in the analyses as we considered the events to which
the periods are related, to potentially have a significant effect on pros-
tate cancer care. Due to the large difference in working days in week 1 of
every year, week 1 was excluded from the period definitions. The
reference cohort (2018-2019) was divided in similar periods.

Age at diagnosis was included in the analyses both as a continuous
and categorical variable; <60, 60-70, 70-80 and >80 years. SES was
categorised into low (first and second septile), medium (third, fourth
and fifth septile) and high (sixth and seventh septile). PSA at diagnosis
was divided into <10 ng/mL, 10-20 ng/mL and >20 ng/mL. Gleason
grade was categorised using the International Society of Urological Pa-
thology (ISUP) grade group system; ISUP 1 (Gleason score <6), ISUP 2
(Gleason score 3 + 4), ISUP 3 (Gleason score 4 + 3), ISUP 4 (Gleason
score 8) and ISUP 5 (Gleason score 9-10) [15]. All prostate cancer di-
agnoses were stratified following the EAU risk group classification into
low-risk localised, intermediate-risk localised, high-risk localised,
high-risk/locally advanced and metastatic prostate cancer [16].

Primary treatment was divided in no active treatment, including
active surveillance and watchful waiting as often no clear difference
could be made based on information in electronic health records, radical
prostatectomy, EBRT, brachytherapy, radiotherapy and ADT, ADT,
taxane-based chemotherapy and treatment with ARTAs.

Biopsies were classified as malignant in case of adenocarcinoma,
intraductal carcinoma, sarcomatoid carcinoma, neuroendocrine carci-
noma, leiomyosarcoma, squamous cell carcinoma and lymphoma and as
benign in case of benign prostatic hyperplasia, atypical cells, dysplasia,
prostatic intraepithelial neoplasia and uncertain neoplasm.

Statistical analyses

Diagnosis

To evaluate changes over time, the absolute number of new prostate
cancer diagnoses per month in the period January 2020-May 2021 was
compared to 2018-2019 (averaged). In order to identify possible
changes in the diagnostic process, we evaluated the number of biopsies
in 2020 versus previous years (2015-2019) and the ratio malignant/
non-malignant outcome was assessed. For a more detailed description
of the effects of the first COVID-19 wave, we compared the number of
prostate cancer diagnoses from week 2-22 of 2020 to the same period in
2018-2019 (averaged). The numbers were presented as three-week
moving average, to smooth for variation. In addition, the relative
change in number of diagnoses as observed in week 2-22 2020, was
assessed by considering the three-week moving average in 2018-2019 as
100%. A correction for working days was applied in case a week con-
sisted of less than five working days due to national holidays.

Descriptive statistics were used to compare patient- and tumour
characteristics of patients diagnosed between week 2-22 of 2020 versus
the same time period in 2018-2019. To evaluate the effects per age
group and disease stage, the number of diagnoses per 100.000 person
years was calculated for each time period and stratified by age and EAU
risk group. The number of diagnoses of each period in 2020 was
compared to the same period in 2018-2019 (averaged) using the iri
command in STATA, considering p < 0.05 statistically significant. To
evaluate whether a delay in diagnosis affected disease stage, the EAU
risk group distribution in diagnosed patients before the outbreak (week
2-8) was compared to this distribution at the end of the first COVID-19
wave (week 17-22).
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Treatment

To evaluated changes in treatment of patients diagnosed with pros-
tate cancer between week 2-22 of 2020 compared to the same time
period in 2018-2019, the average number of patients per treatment
modality was calculated per week and per time period. A correction for
the number of working days per week was applied. Logistic regression
analyses were performed to evaluate the association between time pe-
riods in 2020 versus week 2-22 of 2018-2019 and the probability of
receiving a certain treatment. Analyses were performed per disease
stage and were adjusted for age at diagnosis.

In addition, we evaluated the effect of the outbreak on surgical
volume of radical prostatectomies. We compared the number (three-
week moving average) of radical prostatectomies in 2020 versus the
average of 2018-2019, considering the three-week moving average in
2018-2019 as 100%. A correction for number of working days was
applied. Time to prostatectomy, per time period, in patients treated
between week 2-22 of 2020 and 2018-2019 was assessed as well.

All statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, North Carolina, USA) and STATA version 16.1 software
(StataCorp, College Station, Texas, USA). According to the Central
Committee on Research involving Human Subjects (CCMO), this type of
study does not require approval from an ethics committee in the
Netherlands. This study was approved by the Netherlands Cancer Reg-
istry’s Supervisory Committee (reference number K21.057).

Results
Number of prostate cancer diagnoses and biopsies in 2020

The effect of the COVID-19 outbreak on the number of prostate
cancer diagnoses over time is shown in Fig. 1. Following the COVID-19
outbreak, a large decline in the number of new prostate cancer diagnoses
was observed. In May 2020 the lowest number of diagnoses was seen,
representing a decrease of 28% (corresponding to approximately 300
diagnoses) compared to previous years. From May onwards the number
of diagnoses started to restore to approximately 95% of the expected
number by the end of 2020 based on previous years.

Concerning the number of prostate biopsies in 2020; approximately
18,500 biopsies were conducted in 2020 compared to an average of
21,500 biopsies in previous years (Table 1). The ratio malignant versus
non-malignant gradually increased over time (from 51.3% in 2015 to
63.2% in 2019) with approximately 1-4% increase of malignant di-
agnoses each year. In 2020, this trend appears to be accelerated as the
ratio of malignant biopsies increased from 63.2% in 2019 to 69.2% in
2020 (increase of 6%).

Prostate cancer diagnoses during the first COVID-19 wave

When focussing on the effects of the first wave corresponding with
week 9-22 in 2020, we observed an average decline of 17%, accounting
for approximately 580 diagnoses compared to the reference period
(Fig. 2). In Table 2, the baseline characteristics of patients diagnosed
with prostate cancer between week 2-22 for 2020 and 2018-2019 are
presented and stratified by time period. In Fig. 3a, the effects of the
outbreak on the number of diagnoses per time period for different age
groups are presented. A non-significant drop in the number of diagnoses
was seen from week 9 onwards in all age groups. After week 13, the
observed decline was statistically significant in all age groups, except for
patients younger than 60 years. The average decline in week 9-22 was
34%, 16% and 23% in patients aged 80+, patients aged 70-79 and
60-69, respectively.

Concerning the effect of the outbreak on the number of prostate
cancer diagnoses by disease stage, a statistically significant decline was
initially only detected in low-risk localised prostate cancer. From week
13, a statistically significant decline was also observed in intermediate-
risk localised prostate cancer. From week 17, the observed decline in
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Fig. 1. Number of new prostate cancer diagnoses per month in 2020 until May 2021, relative to the average number of new prostate cancer diagnoses in 2018-2019.

Table 1

Number of biopsies with pathology results (i.e. malignant versus non-malignant) from 2015 to 2020. In total, 36 pathology results were unknown, which accounted for

<ten results per year.

2015 2016 2017
N (%) N (%) N (%)
Biopsies 20,780 22,087 21,765

2018 2019 2020
N (%) N (%) N (%)
21,059 21,542 18,444

10,113 (48.7%)
10,659 (51.3%)

Non-malignant
Malignant

10,551 (47.8%)
11,529 (52.2%)

9685 (44.5%)
12,075 (55.5%)

8450 (40.1%)
12,602 (59.8%)

7921 (36.8%)
13,621 (63.2%)

5679 (30.8%)
12,756 (69.2%)

number of diagnoses was statistically significant in all risk groups
(Fig. 3b). From week 9 through week 22, the average decline in number
of diagnoses was most pronounced in low-risk localised prostate cancer
with 41%, accounting for approximately 240 diagnoses. The observed
declines in the other risk groups were 16%, 7% and 19% for
intermediate-risk localised, high-risk localised/locally advanced and
metastatic disease, respectively.

To evaluate whether the delay in diagnosis affected disease stage at
diagnosis, the distribution of EAU risk groups by time period was
assessed (supplementary data Figure A.1). Only small changes in the
distribution were observed; the proportion of men diagnosed with low-
risk prostate cancer was almost 2% less during the first COVID-19 wave
(week 9-22) versus the pre-COVID period (week 2-8). In contrast, the
proportion of patients diagnosed with metastatic castrate-sensitive
prostate cancer was 1.5% higher during the first COVID-19 wave
versus pre-COVID.

Treatment changes during the first COVID-19 wave

Next to effects on the number of diagnoses and disease stage, we
evaluated the effect of the outbreak on treatment. In Table 3, the applied
treatment stratified by EAU risk group and by time period is presented
and in Table 4 the odds ratios (OR) of specific treatments per EAU risk
group for patients diagnosed in 2020 versus the reference period are
presented. During the first COVID-19 wave, active surveillance was
applied less frequently in low-risk localised prostate cancer as compared
to the reference period. This decline was most prominent in week 9-12;
67.1% in 2020 versus 78% in 2018-2019 (OR = 0.62, 95% CI;
0.41-0.94). Instead patients underwent radical prostatectomy relatively
often; 20.7% in 2020 versus 12.1% in 2018-2019 (OR=1.89, 95% CI;
1.15-3.11), and to a lesser extent radiation based treatment (4.6% and

7.1% versus 3.1% and 5.9%, for EBRT and brachytherapy,respectively).
However, during the final weeks of the first wave, active surveillance
was applied in approximately the same proportion of patients with low-
risk prostate cancer as in the pre-COVID period.

A similar treatment shift was seen in intermediate-risk localised
prostate cancer in week 13-16; active surveillance was applied less
frequently (17.5% versus 28.1%); OR=0.56, 95% CI; 0.37-0.85) and
radical prostatectomy was applied relatively often (49.5% versus 30.8%;
OR=2.04, 95% CI; 1.45-2.86). Men with intermediate-risk prostate
cancer were treated with brachytherapy less often in 2020 compared to
the reference period, especially in week 13-16 (5.5% versus 9.4%;
OR=0.45, 95% CI; 0.22-0.89). However, this decline was also statisti-
cally significant in the pre-COVID period (7.4% versus 10.2%; OR=0.64,
95%CI; 0.44-0.93). In contrast, EBRT was applied more often; particu-
larly in week 17-22 (24% versus 18%; OR=1.50, 95% CI; 1.10-2.06), as
well as in week 2-8 (21.4% versus 16.2%; OR=1.31, 95% CI;
1.02-1.68).

In the high-risk localised/locally advanced disease group, radical
prostatectomy was performed relatively often during the entire first
wave, as well as in the pre-COVID period. In contrast, ADT monotherapy
was applied less often in 2020 (6.0% versus 9.0%; OR=0.66, 95% CI;
0.53-0.82). In patients with metastatic castrate-sensitive prostate can-
cer, treatment with taxane-based chemotherapy was applied less often,
which was most evident in week 9-12 (19.5% versus 38.0%; OR=0.36,
95% CI; 0.24-0.56). During the same period, patients received ARTAs
(11.2% versus 1.0%; OR=5.19, 95% CI; 2.88-9.36) more often. From
week 13 onwards, these differences were less evident. In 2020, more
patients were treated with ADT and radiotherapy compared to the
reference period (17.4% in 2020 versus 8.6% in 2018-2019; OR = 2.27,
95% CI; 1.77-2.91). This increase was seen during the entire first
COVID-19 wave, as well as in the pre-COVID period.
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Fig. 2. Number of diagnoses in 2020 compared to 2018-2019 from January to May, presented with relevant dates and measures during the first COVID wave in the
Netherlands. Fig. 2a: New prostate cancer diagnoses presented as three-week moving average. Fig. 2b: Percentage of new prostate cancer diagnoses in 2020, relative
to the number of diagnoses in 2018-2019 (considered as 100%), presented as three-week moving average. GP: general practioner; *correction for working days.

Impact of the COVID-10 outbreak on surgical volume

Finally, we also evaluated the effect of the COVID-19 outbreak on
surgical volume in the Netherlands. In Fig. 4, the number of radical
prostatectomies by three-week moving averages of 2020, relative to
2018-2019 is presented. Overall, the number of prostatectomies was
comparable to 2018-2019 (approximately 2575 in 2020 versus 2550 in
2018-2019). During the first COVID-19 wave, the number of prosta-
tectomies was comparable to or slightly higher than in 2018-2019. From
week 41 to 43 in 2020, a decrease is visible, which restored rather
quickly.

For patients treated surgically during the first COVID-19 wave, time
from diagnosis to prostatectomy was shorter compared to patients who
received surgical treatment in the reference period. This effect was most
pronounced in week 9-12 (median [IQR]: 60.0 [45.0-87.0] versus 80.0
[58.0-108.5] days). In week 13-22 in 2020, median time to prostatec-
tomy was 64-72 days versus 76-78 days in 2018-2019.

Discussion

In this study, we evaluated the impact of the COVID-19 outbreak on
the number of prostate cancer diagnoses, overall and by age and disease
stage. We also assessed the effect on disease stage at diagnosis and
treatment. In general we can conclude that after a substantial initial
decline in the number of prostate cancer diagnoses of 17% during the
first wave, this number largely restored during the rest of 2020 but
remained lower than expected. The effect on disease stage at diagnosis
was limited and changes in treatment appeared to be temporary. Also,
surgical capacity concerning radical prostatectomies was not affected as
the total number of prostatectomies performed in 2020 was comparable
to 2018-2019.

The observed decline in prostate cancer diagnoses correlated with
the detection of the first COVID-19 case in the Netherlands and the social
lockdown by the Dutch government[4]. The decline was first seen and
most prominent (41%) amongst patients with low-risk localised prostate
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Baseline characteristics of patients diagnosed with prostate cancer between January and May of 2020 (COVID-19 cohort) or 2018 and 2019 (reference cohort). For
evaluation of differences during the first COVID wave, 2020 is split into four different periods of which the average per week is given. The weeks 2-22 of 2018-2019
are averaged. P-value was calculated using Chi-square for categorical variables and t-test for continuous variables. GP: general practitioner; IQR: interquartile range; ISUP:
international society of urological pathology, PSA: prostate specific antigen, TNM: tumour, node, metastasis, EAU: European Association of Urology.

Week 2-22 Week 2-22 2020 (n Week 2-8 2020 (n Week 9-12 2020 (n Week 13-16 2020 Week 17-22 2020
2018-2019 = 4753) =1985) pre-COVID- = 919) 1st Dutch (n = 794) start (n = 1055) call to
(averaged) (n = 19 period patient diagnosed national lockdown visit GP in case of
5233) with COVID-19 symptoms
N (%) N (%) p-value N (%) N (%) N (%) N (%)
Patient characteristics
Age at diagnosis 70.5 (65.0-75.5)  71.0 (65.0-75.0)  0.74 71.0  (66.0-75.0) 70.0 (65.0-75.0) 71.0 (65.0-75.0) 71.0 (66.0-75.0)
(median, IQR)
Age at diagnosis 0.004
<60 years 477 9.2) 450 (9.5) 24 (8.6) 25 (10.7) 24 (10.8) 18 9.1)
60-69 years 1873  (35.9) 1623  (34.1) 97 (34.3) 80 (34.9) 78 (35.5) 62 (32.2)
70-79 years 2330 (44.5) 2240  (47.1) 133 (47.0) 106 (45.9) 100 (46.0) 96 (49.4)
>=80 years 554 (10.6) 440 9.3) 29 (10.2) 20 (8.5) 17 7.7) 18 9.3)
Socioeconomic 0.07
status
Low 1138 (21.8) 975 (20.5) 60 (21.3) 48 (20.8) 39 (18.0) 40 (20.7)
Middle 2009 (38.4) 1806  (38.0) 103 (36.2) 85 (36.8) 86 (39.5) 80 (41.3)
High 2084  (39.9) 1966  (41.4) 120 (42.3) 97 (42.2) 93 (42.9) 74 (38.0)
Unknown 3 0.1) 6 0.1) 1 (0.2) 1 0.2) 0 0 0 0
Geographical 0.43
region
East 567 (10.8) 551 (11.6) 33 (11.5) 30 (12.8) 28 (12.6) 19 (10.0)
Middle 1066  (20.4) 927 (19.5) 56 (19.7) 47 (20.6) 42 (19.1) 36 (18.5)
North 421 (8.1) 362 (7.6) 22 (7.6) 20 (8.6) 14 (6.5) 15 (7.6)
South 1161  (22.2) 1089 (22.9) 63 (22.1) 56 (24.5) 49 (22.5) 45 (23.49)
West 2019  (38.6) 1824  (38.4) 111 (39.1) 77 (33.5) 86 (39.2) 78 (40.6)
Tumour
characteristics
ISUP Gleason grade <0.0001
group at
diagnosis
ISUP 1 1668  (31.9) 1205  (25.4) 76 (26.9) 54 (23.6) 50 (22.8) 50 (25.9)
ISUP 2 1154 (22.1) 1202 (25.3) 68 (24.0) 63 27.9) 55 (25.3) 50 (25.9)
ISUP 3 650 12.49) 687 (14.5) 42 (14.7) 32 (13.7) 37 (17.0) 25 (12.7)
ISUP 4&5 1526 (29.2) 1398 (29.4) 85 (29.8) 69 (30.0) 62 (28.2) 56 (29.0)
Unknown 237 (4.5) 261 (5.5) 13 (4.6) 12 (5.2) 15 6.7) 13 (6.5)
PSA at diagnosis <0.0001
PSA < 10 ng/Ml 2400 (45.9) 2318 (48.8) 136 (48.1) 116 (50.3) 103 (47.2) 96 (49.9)
PSA 10-20 ng/mL 1196  (22.9) 1100 (23.1) 68 (24.1) 50 (21.7) 54 (24.6) 42 (21.5)
PSA > 20 ng/mL 1406  (26.9) 1194 (25.1) 69 (24.9) 59 (25.6) 57 (26.1) 49 (25.3)
Unknown 231 (4.4) 141 (3.0) 9 (3.3) 6 (2.5) 5 2.1 6 (3.3)
Disease stage <0.0001
(cTNM)
cTO 80 1.5) 73 1.5) 3 1.1) 4 (1.5) 5 @n 4 (2.0)
cT1-cT2a 2466  (47.2) 1980 (41.7) 121 (42.6) 95 (41.1) 84 (38.7) 82 (42.6)
cT2b 134 (2.6) 149 3.1 10 (3.5) 8 (3.5) 6 2.9) 4 (2.3)
cT2c 532 (10.2) 626 (13.2) 35 (12.2) 31 (13.6) 32 (14.6) 26 (13.5)
cT3-cT4 and/or cN1 1091  (20.8) 1100 (23.1) 68 (24.1) 53 (23.1) 53 (24.1) 40 (20.8)
cMO
cM1 901 17.2) 797 (16.8) 45 (15.9) 39 (16.8) 37 (17.0) 35 (18.3)
Unknown 31 (0.6) 28 (0.6) 2 (0.6) 1 0.4 1 (0.6) 1 0.7)
EAU prognostic <0.0001
risk group
Localised
Low-risk 916 (17.5) 636 (13.9) 41 (14.5) 28 (12.2) 27 (12.2) 25 (13.2)
Intermediate-risk 1166  (22.3) 1085  (22.8) 64 (22.6) 55 (23.9) 46 (21.0) 46 (23.7)
High-risk 928 (17.8) 978 (20.6) 56 (19.8) 49 (21.2) 49 (22.49) 39 (20.1)
Locally advanced 1091 (20.8) 1100 (23.1) 68 (24.1) 53 (23.1) 53 (24.1) 40 (20.8)
Metastatic 901 17.2) 797 (16.8) 45 (15.9) 39 (16.8) 37 (17.0) 35 (18.3)
Unknown 232 (4.5) 157 3.3) 9 3.2) 7 (2.8) 7 3.3) 8 (4.0)

cancer. We hypothesise that this is the result of less PSA testing in
asymptomatic patients, due to less GP visits during the lockdown.
Furthermore, urologists might have performed biopsies less often in this
category of patients, according to the advice to postpone biopsies in
patients at low risk of disease progression [8,10]. In addition, the use of
mpMRI for the detection of prostate cancer as recommended in the
guidelines since 2020, might have attributed to this as well [17].
Regarding different age groups, we observed that the number of di-
agnoses dropped in all age groups but the decline was largest in patients

of 80 years and older (i.e. 34%). This is probably explained by hesitance
to visit the GP for PSA-testing or possibly also in case of complaints, for
fear of becoming infected. Also, GPs might have been more hesitant to
refer these vulnerable patients to a hospital. The excess mortality due to
COVID-19, accounting for approximately 9000 extra deaths in week
2-22 2020 (Source: CBS[18]) could also have had an effect as this would
potentially deprive patients of being diagnosed with prostate cancer. We
estimated the number of prostate cancer diagnoses that have been
missed due to COVID-related excess mortality between March-May of
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time and stratified by age
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Fig. 3. The number of new prostate cancer diagnoses per 100.000 male inhabitants over time in 2020, relative to new prostate cancer diagnoses in 2018-2019
(averaged). Fig. 3a: Diagnoses stratified by age. Fig. 3b: Diagnoses stratified by disease stage (EAU risk classification). *= significant difference.

2020, using the age and gender-specific incidence of prostate cancer
patients in our cohort. This resulted in an estimated number of 25 missed
cases of prostate cancer in the Netherlands.

The extent of the decline in diagnoses during the first COVID-19
wave that we have observed in the Netherlands was smaller than what
was observed in Sweden [19]. In Sweden the national cancer registry
was also used to evaluate the effects of the first COVID-19 wave on
prostate cancer care. They demonstrated an overall decline in diagnoses
of 36% and found the largest decline (40%) in the low/intermediate-risk
group. With respect to different age-groups, they also observed the
largest decline amongst elderly patients with a 51% decline in patients
aged above 75 years [19].

We must consider that in the Netherlands the absolute number of
patients diagnosed with prostate cancer increases over the years. Based

on the period 2015-2019, on average an annual increase of approxi-
mately 5.5% (which corresponds to approximately 650 patients) was
observed [20]. On the other hand, as mentioned, the introduction of
mpMRI for the detection of prostate cancer, might also have an effect as
less biopsies might be performed resulting in less (low-risk) prostate
cancer [17,21]. This was confirmed by the data we have presented in
this study on the number of biopsies taken; namely less biopsies and a
higher proportion of patients with malignant disease. Taking everything
into account, the reported 5% decline in prostate cancer diagnoses is
2020 is probably a small underestimation.

No clear change in stage distribution was observed as a possible ef-
fect of delayed diagnosis. The observed small increase in high-risk and
metastatic prostate cancer and small decrease in low-risk prostate cancer
is most likely explained by the delay in GP visits and/or change in
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Treatment strategies presented per risk group according to the EAU stratification, presented per time period in 2020 (COVID period) versus 2018-2019 (reference
period). N = average per week (corrected for public holidays). therapy. * +/-androgen deprivation therapy and +/- local therapy of the prostate, +/- metastases directed

therapy.
week 2-22 Week 2-8 week 9-12 week 13-16 week 17-22
Ref 2020 Ref 2020 Ref 2020 Ref 2020 Ref 2020
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Low-risk localised
No active treatment 34.3 22.8 34.7 30.4 37.3 18.8 35.2 19.0 31.1 18.7
(76.2%) (72.4%) (74.8%) (74.3%) (78.0%) (67.1%) (77.5%) (71.2%) (76.2%) (73.9%)
Radical prostatectomy 5.6 4.8 6.1 5.9 5.8 5.8 4.8 4.4 5.2 3.1
(12.4%) (15.2%) (13.1%) (14.4%) (12.1%) (20.7%) (10.6%) (16.5%) (12.7%) (12.3%)
External beam radiotherapy 2.0 (4.4%) 1.5 (4.8%) 2.0 (4.3%) 1.6 (3.9%) 1.5 (3.1%) 1.3 (4.6%) 2.4 (5.3%) 1.7 (6.4%) 2.0 (4.9%) 1.7 (6.7%)
Brachytherapy 2.4 (5.3%) 1.9 (6.0%) 29(6.3%) 2.3(5.6%) 2.8(59%) 2.0(7.1%) 1.9 (4.2%) 1.7 (6.4%) 2.0 (4.9%) 1.7 (6.7%)
Other 0.6 (1.3%) 0.3(1.0%) 0.7(1.5%) 0.7 (1.7%) 0.4(1.0%) 0.3(1.1%) 0.8(1.8%) 0.0(0.0%) 0.5(1.2%) 0.2 (0.8%)
Intermediate-risk localised
No active treatment 16.1 12.1 16.1 15.7 15.3 11.5 17.7 8.0 15.3 10.6
(28.0%) (22.4%) (27.8%) (24.6%) (27.6%) (20.9%) (28.1%) (17.5%) (28.3%) (23.1%)
Radical prostatectomy 18.6 20.6 20.1 22.3 17.0 22.3 19.4 22.6 17.2 15.8
(32.4%) (38.2%) (34.7%) (34.9%) (30.6%) (40.5%) (30.8%) (49.5%) (31.9%) (34.5%)
External beam radiotherapy 10.0 11.1 9.4 13.7 9.5 10.8 11.8 6.6 9.7 11.0
(17.4%) (20.6%) (16.2%) (21.4%) (17.1%) (19.6%) (18.8%) (14.4%) (18.0%) (24.0%)
Brachytherapy 6.2 4.0 (7.4%) 5.9 4.7 (7.4%) 7.3 4.5(8.2%) 59(9.4%) 25(55%) 6.1 3.7 (8.1%)
(10.8%) (10.2%) (13.2%) (11.3%)
Radiotherapy & Androgen 55(9.6%) 5.4 5.6 (9.7%) 6.9 4.8(8.6%) 5.0(9.1%) 7.0 5.5 4.7 (8.7%) 3.9 (8.5%)
deprivation therapy (10.0%) (10.8%) (11.1%) (12.0%)
Other 0.9(1.6%) 0.7 (1.3%) 0.7 (1.2%) 0.6 (0.9%) 1.3(2.3%) 1.0(1.8%) 0.8(1.3%) 0.6(1.3%) 0.7 (1.3%) 0.9 (2.0%)
High-risk localised/locally
advanced
No active treatment 12.8 12.9 14.4 17.1 11.3 12,5 13.7 10.2 11.2 9.7
(12.9%) (12.5%) (13.6%) (13.8%) (12.2%) (12.3%) (13.1%) (10.1%) (12.2%) (12.4%)
Radical prostatectomy 29.5 33.5 30.6 39.9 28.5 32.3 30.6 33.6 27.8 26.4
(29.7%) (32.5%) (28.9%) (32.1%) (30.6%) (31.7%) (29.3%) (33.2%) (30.3%) (33.7%)
External beam radiotherapy/ 11.1 11.3 11.4 11.7 10.3 11.5 12.1 121 10.5 10.3
Brachytherapy (11.2%) (11.0%) (10.8%) (9.4%) (11.1%) (11.3%) (11.6%) (12.0%) (11.4%) (13.2%)
Radiotherapy & Androgen 35.6 38.2 37.6 46.6 33.5 37.8 36.6 39.9 33.9 26.8
deprivation therapy (35.9%) (37.1%) (35.6%) (37.5%) (36.0%) (37.1%) (35.0%) (39.4%) (36.9%) (34.2%)
Androgen deprivation therapy 8.9 (9.0%) 6.2(6.0%) 9.9(9.4%) 7.7(6.2%) 7.5(8.1%) 7.0 (6.9%) 10.5 4.7 (4.6%) 7.4(8.1%) 4.6 (5.9%)
(10.0%)
Other 1.3(1.3%) 0.9(0.9%) 1.6 (1.5%) 1.3 (1.0%) 1.8(1.9%) 0.8(0.8%) 0.8(0.8%) 0.8(0.8%) 0.9 (1.0%) 0.6 (0.8%)
Metastatic
No active treatment 1.2 (2.7%) 0.6 (1.5%) 1.1 (2.5%) 0.9 (2.0%) 0.5 (1.2%) 0.3 (0.8%) 1.6 (3.1%) 0.3 (0.8%) 1.4 (3.2%) 0.9 (2.6%)
Androgen deprivation therapy 3.8 (8.6%) 6.9 2.9 (6.7%) 7.6 3.5 (8.7%) 7.3 4.6 (8.9%) 7.2 4.3 5.5
& radiotherapy (17.4%) (16.9%) (19.0%) (19.5%) (10.0%) (15.6%)
Androgen deprivation therapy 21.3 18.7 20.1 22.7 20.0 18.3 25.8 15.7 20.4 15.8
(48.1%) (47.2%) (46.3%) (50.4%) (49.6%) (47.5%) (49.7%) (42.5%) (47.2%) (44.9%)
Taxanes* 16.3 10.0 17.7 9.7 15.3 7.5 16.1 11.8 15.3 10.8
(36.8%) (25.3%) (40.8%) (21.6%) (38.0%) (19.5%) (31.0%) (32.0%) (35.4%) (30.7%)
Androgen receptor targeting 1.0 (2.3%) 2.6 (6.6%) 1.0 (2.3%) 3.1 (6.9%) 0.4 (1.0%) 4.3 1.9 (3.7%) 1.7 (4.6%) 0.9 (2.1%) 1.5 (4.3%)
agents* (11.2%)
Other 0.7 (1.6%) 0.8 (2.0%) 0.4 (0.9%) 1.0(2.2%) 0.5(1.2%) 1.0 (2.6%) 1.3(2.5%) 0.3(0.8%) 0.5(1.2%) 0.7 (2.0%)

diagnostic strategies by urologists as described before and not yet due to
delayed diagnosis. However, patients diagnosed in the second half of
2020, partly represent delayed diagnoses which were missed in the first
half of 2020. These delayed diagnoses might have led to a shift towards
higher stages. Unfortunately, data on disease stage of these patients
were not available yet. Though, taken the biology of prostate cancer into
account, the diagnostic delay of several months will probably not largely
impact disease stage and subsequent survival. Based on a modelling
study from the UK, evaluating the effect of a delay in cancer diagnoses, a
three-month delay in prostate cancer diagnoses would result in a 0-4%
reduction of ten-year survival [22].

Changes in treatment of prostate cancer appeared to be limited. Most
striking observations were seen in low- and intermediate-risk prostate
cancer. Shortly after the outbreak active surveillance was applied less
often and radical prostatectomy was conducted more often in these
patients, which was in contrast with the recommendations in the
adapted guidelines for prostatic cancer care during COVID [8-10]. The
EAU advised to postpone prostatectomies in patients with localised
cancer and to consider androgen deprivation therapy and external beam
radiotherapy as alternative to surgery for patients with high-risk

localised cancer [10] Likewise, the FMS considered prostatectomies in
patients with low-risk prostate carcinoma as procedures that could be
postponed up to three months [9] Several explanations might have
contributed to this temporally change in clinical practice. Possibly,
surgical capacity remained available for oncological care during the first
COVID-19 wave, due to downscaling of other regular care. Anticipating
potential worsening of the COVID-19 situation, waiting lists for radical
prostatectomies might have been caught up as much as possible. Sec-
ondly, the patients that were diagnosed after the outbreak, during the
lockdown might represent a different patient population; patients who
visit the GP or urologist during lockdown might be more worried and
have strong preference for active treatment rather than active surveil-
lance compared to the general prostate cancer population. Furthermore,
patients or urologists could have chosen to avoid extensive (outpatient)
follow-up during the lockdown, to prevent the spread of COVID-19.
Another change in treatment in low-risk localised prostate cancer,
was a tendency towards more treatment with brachytherapy, which was
in contrast with the advice by the FMS to postpone radiotherapy by six
weeks up to three months in these patients [9] By contrast, brachy-
therapy was applied less often in patients with intermediate-risk
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Odds ratio’s and 95% confidence intervals for different treatment strategies per risk group according to the EAU stratification, presented per time period in 2020

(COVID period) versus week 2-22 of 2018-2019 (reference period).

Week 2-22
2020 vs 2018-2019
OR (95% CI)

Week 2-8
2020 vs 2018-2019
OR (95% CI)

Week 9-12
2020 vs 2018-2019
OR (95% CI)

Week 13-16
2020 vs 2018-2019
OR (95% CI)

Week 17-22
2020 vs 2018-2019
OR (95% CI)

Low-risk localised

No active treatment

Radical prostatectomy

External beam radiotherapy

Brachytherapy

Intermediate-risk localised

No active treatment

Radical prostatectomy

External beam radiotherapy

Brachytherapy

Radiotherapy & Androgen deprivation therapy
High-risk localised/locally advanced

No active treatment

Radical prostatectomy

External beam radiotherapy /Brachytherapy
Radiotherapy & Androgen deprivation therapy
Androgen deprivation therapy

Metastatic

No active treatment

Androgen deprivation therapy & radiotherapy
Androgen deprivation therapy

Taxanes*

Androgen receptor targeting agents*

0.80 (0.65-0.99)
1.32 (1.01-1.72)
1.09 (0.71-1.67)
1.17 (0.80-1.72)

0.76 (0.64-0.91)
1.25 (1.07-1.47)
1.26 (1.05-1.51)
0.63 (0.49-0.82)
1.11 (0.87-1.41)

0.98 (0.84-1.16)
1.16 (1.02-1.31)
0.99 (0.83-1.17)
1.06 (0.95-1.18)
0.66 (0.53-0.82)

0.58 (0.31-1.06)
2.27 (1.77-2.91)
0.99 (0.83-1.19)
0.53 (0.43-0.64)
2.98 (1.97-4.51)

0.88 (0.65-1.17)
1.25 (0.87-1.82)
0.83 (0.44-1.58)
1.07 (0.62-1.86)

0.84 (0.66-1.07)
1.10 (0.88-1.38)
1.31 (1.02-1.68)
Week 2-8

1.16 (0.83-1.62)

1.10 (0.88-1.36)
1.15 (0.97-1.36)
0.83 (0.65-1.06)
1.07 (0.92-1.25)
0.68 (0.50-0.92)

0.67 (0.28-1.56)
2.19 (1.56-3.08)
1.14 (0.88-1.48)
0.42 (0.31-0.57)
3.14 (1.85-5.33)

0.62 (0.41-0.94)
1.89 (1.15-3.11)
0.99 (0.39-2.51)
1.36 (0.64-2.89)

0.74 (0.53-1.05)
1.25 (0.93-1.70)
1.24 (0.87-1.77)
0.67 (0.41-1.11)
1.05 (0.65-1.71)

0.95 (0.69-1.30)
1.10 (0.87-1.40)
1.02 (0.74-1.40)
1.06 (0.86-1.31)
0.73 (0.48-1.12)

0.23 (0.03-1.64)
2.51 (1.62-3.89)
0.99 (0.70-1.42)
0.36 (0.24-0.56)
5.19 (2.88-9.36)

0.80 (0.51-1.27)
1.30 (0.74-2.30)
1.50 (0.63-3.54)
1.11 (0.47-2.62)

0.56 (0.37-0.85)
2.04 (1.45-2.86)
0.83 (0.53-1.30)
0.45 (0.22-0.89)
1.39 (0.85-2.27)

0.76 (0.53-1.08)
1.22 (0.95-1.57)
1.08 (0.78-1.50)
1.16 (0.94-1.45)
0.49 (0.29-0.82)

0.27 (0.04-1.94)
2.53 (1.60-4.02)
0.92 (0.63-1.35)
0.69 (0.46-1.03)
2.01 (0.84-4.82)

0.86 (0.57-1.28)
1.03 (0.60-1.77)
1.45 (0.71-2.97)
1.26 (0.62-2.57)

0.77 (0.56-1.06)
1.12 (0.84-1.50)
1.50 (1.10-2.06)
0.71 (0.44-1.15)
0.88 (0.55-1.41)

1.00 (0.73-1.36)
1.20 (0.95-1.51)
1.20 (0.89-1.62)
0.94 (0.76-1.16)
0.69 (0.45-1.06)

0.92 (0.36-2.33)
2.01 (1.32-3.08)
0.85 (0.61-1.17)
0.74 (0.53-1.05)
1.82 (0.84-3.93)

Significant results are presented in bold. * +/-androgen deprivation therapy and +/- local therapy of the prostate, +/- metastases directed therapy.
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Fig. 4. Number of radical prostatectomies in 2020 relative to 2018-2019 presented as three-week moving averages.

localised prostate cancer, which is in accordance with the advice in the
adapted guidelines to postpone brachytherapy [9,10,23]. Furthermore,
external beam radiotherapy was applied more often in patients with
intermediate-risk prostate cancer. However, these effects were already
seen pre-COVID and therefore probably unrelated to the COVID-19
outbreak.

In patients with metastatic disease, we observed a temporary small
increase in use of androgen receptor targeting agents and decrease in use
of taxanes as systemic treatment. This corresponds with the adapted
recommendations by the EAU to avoid androgen deprivation therapy
combined with docetaxel and to consider abiraterone or prednisone in
patients with metastatic hormone sensitive prostate carcinoma [10]. As

the numbers were small and this trend seems to be present already in the
pre-COVID period, this is not very likely to result from the COVID-19
outbreak. Finally, the combination of radiotherapy and androgen
deprivation therapy was applied more often in the metastatic cancer
group compared to the reference period. This is most likely the effect of
published results of the STAMPEDE trial, which suggested that patients
with a low metastatic burden could benefit from radiotherapy in addi-
tion to their hormonal therapy [24].

Interestingly, ADT has been suggested as potential treatment for
COVID-19. Transmembrane serine protease 2 (TMPRSS2), which is
associated with the development and progression of prostate cancer,
facilitates entry of coronavirus into the host’s cell [25]. Although it has
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been suggested that ADT decreases the risk of COVID-19 infection in
patients with prostate cancer, [26] this was not supported by a recent
meta-analysis and phase 2 trial [27,28].

Overall, the number of radical prostatectomies in 2020 was compa-
rable to previous years and time to surgery in the COVID-19 period was
shorter. This might be explained by the advice to postpone surgeries for
benign diseases,[8,9] resulting in more surgical capacity for oncological
surgery. A similar observation was made in the previously mentioned
Swedish study which demonstrated no decline in the number of radical
prostatectomies, which was also explained by prioritizing oncological
surgery [19].

To our knowledge, next to the study of Fallara et al.,[19] detailed
data on the effects of the COVID-19 outbreak in prostate cancer care, are
scarce. We used up-to-date and high-quality data from the
population-based nationwide NCR supplemented with data from
PALGA, providing relevant insights into the effect of the COVID-19
pandemic on prostate cancer care.

One of the limitations of our study is that we could not yet evaluate a
possible stage shift due to delayed diagnoses, as data of the second half
of 2020 is still incomplete. However, as the number of diagnoses was
largely resorted by the end of the year, we do not anticipate the impact
on stage distribution to be substantial. Unfortunately, information on
diagnostics performed by the GP like PSA assessments was not available
as the NCR is mainly based on hospital data. In case these data would
have been available, this could have supported our hypothesis that PSA
assessments were performed less during the first wave, resulting in less
low-risk localised prostate cancer diagnoses. Finally, some numbers,
such as treatment with androgen receptor targeting agents in patients
with metastatic disease, were too small to draw strong conclusions.

In conclusion, we observed a strong decline of prostate cancer di-
agnoses during the first COVID-19 wave, but this number was largely
restored by the end of 2020 although at least 5% of the expected prostate
cancers diagnoses were not observed. Changes in treatment were tem-
porary and adherent to adapted guidelines. Although delayed diagnoses
could result in a less favourable stage distribution, possibly affecting
survival, this seems not very likely. Although it was expected that the
COVID-19 pandemic would significantly impact cancer care, the
magnitude of this problem in prostate cancer care was still unknown.
The information gained by this evaluation can be used for future rec-
ommendations on clinical management in future periods of (unexpected
restrictions)
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