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Abstract

Background: The COVID-19 pandemic has put substantial strain on the healthcare system of which the

effects are only partly elucidated. This study aimed to investigate the impact on pancreatic cancer care.

Methods: All patients diagnosed with pancreatic cancer between 2017 and 2020 were selected from

the Netherlands Cancer Registry. Patients diagnosed and/or treated in 2020 were compared to

2017–2019. Monthly incidence was calculated. Patient, tumor and treatment characteristics were

analyzed and compared using Chi-squared tests. Survival data was analyzed using Kaplan–Meier and

Log-rank tests.

Results: In total, 11019 patients were assessed. The incidence in quarter (Q)2 of 2020 was comparable

with that in Q2 of 2017–2019 (p = 0.804). However, the incidence increased in Q4 of 2020 (p = 0.031),

mainly due to a higher incidence of metastatic disease (p = 0.010). Baseline characteristics, surgical

resection (15% vs 16%; p = 0.466) and palliative systemic therapy rates (23% vs 24%; p = 0.183) were

comparable. In 2020, more surgically treated patients received (neo)adjuvant treatment compared to

2017–2019 (73% vs 67%; p = 0.041). Median overall survival was comparable (3.8 vs 3.8 months;

p = 0.065).

Conclusion: This nationwide study found a minor impact of the COVID-19 pandemic on pancreatic

cancer care and outcome. The Dutch health care system was apparently able to maintain essential care

for patients with pancreatic cancer.
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Introduction

The past years we have been confronted with a SARS-CoV-2
pandemic, causing COVID-19 infections in millions of people
worldwide.1 The pandemic has negatively impacted people’s lives
directly and indirectly. During the first COVID-19 wave
(March–May 2020), a decrease in the number of cancer di-
agnoses was observed in the Netherlands. This was mainly the
result of suspension of screening, individuals with symptoms
avoiding medical care or experiencing a delay in seeking medical
care.2,3 This led to further research on the topic and the
restarting of screening programs.4–6 Medical professionals pro-
vided general guidelines for the management of surgical and
systemic treatments in cancer care and created opportunities to
deviate, well considered, from the usual treatment guidelines.7–10

In two global cross-sectional surveys among hepato-
pancreato-biliary (HPB) surgeons, the majority of respondents
reported a reduction in surgery for HPB cancers and pancreatic
surgery in general.11,12 The most important reasons listed for
cancellation of HPB cancer surgery were lack of intensive care
beds, national and hospital directives to stop non-emergency
operations, and concern around patients contracting COVID-
19 in the post-operative period. To promote continuity in
treatment when surgery was unattainable (neo-adjuvant)
chemotherapy was frequently used for (borderline) resectable
pancreatic cancer during the pandemic, particularly in countries
with high infection rates of COVID-19. This while resection is
the only therapy in pancreatic cancer considered to be potentially
curative.13

Although pancreatic cancer is a relatively low volume but
highly fatal cancer, it is not yet known to what extent clinical
practice of pancreatic cancer was affected by the SARS-CoV-2
pandemic in the Netherlands. The aim of the current
population-based study is to evaluate to what extent incidence,
treatment, and prognosis of Dutch patients with pancreatic
cancer were affected in the first year of the SARS-CoV-2
pandemic, in which hospitals were under great pressure and
medical resources and supplies were scarce.

Materials and methods

Study design and database
This retrospective nationwide cohort study used the Netherlands
Cancer Registry (NCR), a population-based registry which col-
lects data on all newly diagnosed cancer patients in the
Netherlands (in 2020, approximately 17.4 million inhabitants.14

The NCR gets notifications on cancer from the Dutch Nation-
wide Pathology Databank (PALGA) and the Dutch National
Hospital Care Registration (LBZ) containing data about hospital
discharges and outpatient visits. Subsequently, trained NCR
registrars routinely extract patient, tumor, and treatment infor-
mation from medical records of all Dutch hospitals. Information
on vital status was obtained through annual linkage with the
Municipal Administrative Database, in which all deceased or
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emigrated individuals in the Netherlands are registered. This
study was approved by the Privacy Review Board of the NCR and
Scientific Committee of the Dutch Pancreatic Cancer Group
(DPCG).15 The need for a separate approval from an ethics
committee in the Netherlands was waived.

Patient inclusion and data collection
All patients aged 18 years or older with a primary invasive
pancreatic (ductal) adenocarcinoma diagnosis based on pathol-
ogy and/or clinical diagnosis (hereinafter referred to as
‘pancreatic cancer’) between 2017 and 2020 were selected from
the NCR (International Classification of Disease for Oncology
3rd edition: C25 excluding C25.4 and sporadic morphology
codes, Supplementary Table 1). Variables that have been derived
from the NCR database include patient, tumor and diagnostic
process characteristics. Registered treatments were surgical
resection with or without neo- and/or adjuvant treatment, sys-
temic therapy (chemotherapy, targeted therapy), radiotherapy
(including stereotactic body radiation therapy [SBRT]) and
ablative therapy).

Definitions
The first COVID-19 wave in the Netherlands occurred from
March 2020 when first far-reaching measures were taken to
contain the spread of the virus, until May 2020 when measures
were reduced.16 Variables of two groups were compared based on
incidence year (2017–2019 versus 2020), and quarters [Q] of
2020. Some treatment characteristics (interval resection-start
adjuvant treatment, use of neo- and/or adjuvant treatment,
type of adjuvant systemic therapy, type of palliative systemic
therapy (in patients without tumor resection), number of re-
sections, number of patients receiving (neo- and/or adjuvant)
systemic therapy and number of patients receiving radiotherapy)
were compared based on date of first treatment (2017–2019
versus 2020). Tumor stage was based on pathological TNM
classification (UICC TNM) 8th ed., supplemented with clinical
TNM classification.17 Sex was defined based on binary catego-
rization (male/female) as registered in the Netherlands Cancer
Registry.

Statistical analysis
Incidence rates were calculated for every month, quarter and year
using crude rates (number of diagnoses per 100.000 inhabitants).
Absolute incidence numbers of a specific period were divided by
the total population in the Netherlands on the first day of that
period.18 This number was multiplied by 100.000. Incidence rate
ratios (IRR) were calculated by using ‘rateratio function’ of
RStudio version 4.0.3 (RStudio, PBC, Boston, MA, USA)) by
which monthly incidence of 2020 was compared with the mean
in the same period in 2017–2019. Results were reported as
numbers and percentages or as median with interquartile range
(IQR). To evaluate differences between characteristics of the
2017–2019 and the 2020 group, Chi-squared, Mann–Whitney U
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and Kruskal–Wallis tests were used as appropriate. To evaluate
overall survival (OS), the Kaplan Meier method was used, and
the log-rank test was used for comparisons between groups. OS
was defined as the time from diagnosis (incidence date) to death
from any cause, censored at last follow-up date or until February
1, 2022. Data was analyzed using IBM SPSS Statistics for Win-
dows, version 28.0.0.0 (IBM CORP., Armong, NY USA). P-values
of <0.05 were considered to be statistically significant.

Results

Overall, 11 019 patients with newly diagnosed pancreatic cancer
were included: 2650, 2696, 2843 and 2830 in 2017–2020
respectively. The incidence of pancreatic cancer in the
Netherlands was 16.2 per 100.000 inhabitants in 2020, compared
to 15.7 in 2017–2019 (IRR 1.03; 95% CI: 0.98–1.07; p = 0.245).
No significant decrease in incidence of pancreatic cancer was
observed during the first COVID-19 wave (March–May 2020)
compared to the same months in previous years (Fig. 1). How-
ever, in Q4-2020 there was a significantly higher incidence rate
(4.4 per 100.000) compared to the same period in 2017–2019
(4.0 per 100.000) (IRR 1.10; 95% CI 1.01–1.19; p = 0.031). This
higher incidence rate was only found in metastatic disease (2.6 vs
2.2, IRR 1.16; 95% CI 1.04–1.29; p = 0.010, Supplementary
Table 2).

Patient and tumor characteristics
Baseline characteristics of patients in 2020 and 2017–2019 were
comparable (Table 1), except for a slightly higher median age in
2020 (p = 0.002). When comparing Q2-2020 with the other
quarters of 2020, no significant differences were found in patient
or tumor characteristics (Supplementary Table 3).
Figure 1 Incidence of pancreatic cancer per 100 000 inhabitants over ti
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Diagnostic process
The median time between first hospital consultation for symp-
tomatic pancreatic cancer and diagnosis (incidence date) was
shorter for patients in 2020 (5 days) compared to 2017–2019 (6
days) (p < 0.001). For patients who were diagnosed in Q2-2020,
this median time interval was 5 days, compared to 4–6 days in
the other quarters of 2020 (p = 0.238, Supplementary Table 5).
Between 2020 and 2017–2019 population, there was no dif-

ference in the use of cytology or histology for diagnosis, while
less diagnostic laparoscopies (2% vs 3%, p = 0.004) and
explorative surgeries (3% vs 4%, p = 0.003) were performed in
2020 (Supplementary Table 4). In 2020, significantly more pa-
tients were discussed in multidisciplinary team (MDT) meetings
with expert centers involved (63%) than in 2017–2019 (60%,
p = 0.013).

Treatment process
Comparable rates of treatment strategies with curative intent
were planned in 2020 and 2017–2019 (21% and 21%, respec-
tively; p = 0.880). Median interval from first hospital consulta-
tion to start antitumor treatment was comparable between 2020
(42 days; IQR 27) and 2017–2019 (42 days; IQR 32) (p = 0.363,
Table 2). In 2020, 10% of patients started treatment within 3
weeks of first consultation compared to 12% in 2017–2019
(p = 0.022).
Comparable rates of patients underwent tumor resection

(16% in 2020, and 15% in 2017–2019, p = 0.466). In 2020, 36%
of all patients received systemic therapy, compared to 33% in
2017–2019 (p = 0.018).
In 2020, 73% of patients undergoing resection received neo-

and/or adjuvant therapy, compared to 67% in previous years
(Table 2). Significantly more patients received neoadjuvant
me
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Table 1 Baseline characteristics of patients diagnosed with pancreatic cancer in 2017-2019 and 2020

In grey the total number of patients included in each analysis per variable.
Missings 2017–2019 and 2020 in percentage (%): Performance status 40% and 33%, TNM stage 2% and 2%.
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(29%) or neo- and adjuvant treatment (19%) in 2020 compared
to 2017–2019 (11% neoadjuvant and 11% neo- and adjuvant
treatment in 2017–2019) (<0.001). Although the median inter-
val between resection and start of adjuvant therapy only slightly
differed between 2020 (59 days) and previous years (56 days,
p = 0.044), in 2020 significantly less patients (10%) started
adjuvant therapy within six weeks of surgery compared to pre-
vious years (20%, p = 0.004). In 2020, the use of FOLFIRINOX
in adjuvant and palliative treatment increased, while
gemcitabine-based schedules decreased (p < 0.001, Table 2).
Within 2020, only minor non-significant deviations were
observed within quarters (Supplementary Table 5) and no in-
crease in the use of capecitabine instead of 5-fluorouracil (in
FOLFIRINOX).
Rates of palliative systemic therapy were comparable between

2020 (24%) and 2017–2019 (23%, p = 0.183).
Between 2020 and 2017–2019 no significant difference was

observed in the rates of patients who did not receive any anti-
tumor treatment (59% and 60%, respectively; p = 0.252,
Supplementary Table 4).

Overall survival
Median OS for patients diagnosed in 2020 was 3.8 (95% confi-
dence interval [95%CI] 3.6–4.2) months versus 3.8 (95%CI:
3.6–3.9) months in 2017–2019 (p = 0.065, Supplementary
Fig. 1). In 2020, 1-year OS was 25% compared to 23% in
2017–2019 (p = 0.019).
HPB xxxx, xxx, xxx © 2023 The Authors. Published by Elsevier Ltd on b
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Discussion

This nationwide population-based cohort study showed that the
SARS-CoV-2 pandemic probably had minimal impact on
pancreatic cancer care in the Netherlands. A non-significant
decrease in incidence was found during Q2-2020 (first
COVID-19 wave) compared to Q2 of 2017–2019, followed by,
what seemed to be, a catching up moment in Q4 with a signif-
icant increase in incidence compared to 2017–2019. This in-
crease was mainly due to a higher incidence of patients
presenting with metastatic disease which apparently had no
impact on resection rates and overall survival in the total cohort.
Our finding that the nationwide incidence of pancreatic cancer

in 2020 seemed hardly affected by the SARS-CoV-2 pandemic
was confirmed by a study on all specimen numbers in the Dutch
pathology database (PALGA) in 2019 and 2020.19 Furthermore,
our observations are in line with incidence of pancreatic cancer
in the first COVID-19 wave in France, Italy and Japan.20–22 A
retrospective cohort study of patients diagnosed with metastatic
pancreatic cancer in the United States, however, showed an
overall decrease of 14% in diagnoses when comparing 2020 to
2019, though this has not been statistically tested.23 Also, the
previously conducted studies in France, Italy, Japan, and the
United States, unlike this study, had a limited reach, e.g. using
data from a single institution or multiple (surgical) centers. In
addition, the current study looks at the entire trajectory from
diagnosis to treatment and death.
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Table 2 Diagnostic and treatment process of patients diagnosed with pancreatic cancer in 2017–2019 and 2020

 2017-2019 2020 p-value 
Interval first consultation - incidence date, median (IQR) 8137 2816 <0.001 
Days 6 (15) 5 (14) 
Multidisciplinary team discussion, n (%) 8032 2792 0.013 
Yes, expert center involved 4781 (60) 1750 (63) 

Yes, no expert center involved 808 (10) 263 (9) 

No 2443 (30) 779 (28) 

Treatment plan with curative intent, n (%) 8189 2830 0.880 
Yes 1703 (21) 593 (21) 

Interval first consultation - start treatment, median (IQR) 3245 1160 0.363 
Days  42 (32) 42 (27) 

Interval first consultation - start treatment, n (%) 3245 1160 0.022 
0-3 weeks 401 (12) 116 (10) 

3-6 weeks 1270 (39) 499 (43) 

> 6 weeks 1574 (49) 545 (47) 

Treatment type, n (%) 8189 2830 0.226 
Best supportive care 4936 (60) 1674 (59) 

Resection (+/- neo- and/or adjuvant treatment) 1243 (15) 431 (15) 

Systemic treatment 1701 (21) 594 (21) 

Other 309 (4) 131 (5) 

Main reason for no antitumor treatment, n (%) 4606 1569 0.110 
Comorbidity/performance status/other tumor 1535 (33) 516 (33) 

High tumor load/progression/death 993 (22) 344 (22) 

Wish or decline patient 1952 (42) 683 (44) 

Other 126 (3) 26 (2) 

Resection, n (%) 1198 434 0.041 
Neo- and/or adjuvant treatment 804 (67) 315 (73) 

Resection, n (%) 1198 434 <0.001 
No neo- and/or adjuvant treatment 394 (33) 119 (27) 

Neoadjuvant treatment 136 (11) 126 (29) 

Adjuvant treatment 542 (45) 106 (24) 

Neo- and adjuvant treatment 126 (11) 83 (19) 

Interval resection – start adjuvant treatment, median (IQR) 642 183 0.044 
Days (median, IQR) 56 (26) 59 (20) 
Interval resection – start adjuvant treatment, n (%) 642 183  
≤6 weeks 130 (20) 18 (10) 0.004 
6-12 weeks 450 (70) 148 (81) 

>12 weeks 62 (10) 17 (9) 

Type of adjuvant systemic therapy, n (%) 664 188 <0.001 
Gemcitabine 314 (47) 61 (32) 

Gemcitabine + capecitabine 160 (24) 15 (8) 

FOLFIRINOX 177 (27) 108 (57) 

Other 13 (2) 4 (2) 

Type of palliative systemic therapy (no resection), n (%)   1851  681 <0.001 
Gemcitabine 171 (9) 32 (5) 

Gemcitabine + nab-paclitaxel 276 (15) 94 (14) 

FOLFIRINOX 1330 (72) 544 (80) 

Other  74 (4) 11 (2) 
In grey the total number of patients included in each analysis per variable.
Missings 2017–2019 and 2020 in percentage (%): Interval first consultation-start treatment 1% and 0.5%, Multidisciplinary team discussion 2% and
1%, Interval first consultation-start treatment 1% and 1%, Reason no treatment 6% and 5%, Interval resection-start adjuvant therapy 4% and 3%,
Type of adjuvant systemic therapy 1% and 1%, Type of palliative systemic therapy (no resection) 0.3% and 0.3%.
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Previous studies on the impact of COVID-19 on prostate,
colorectal and breast cancer in the Netherlands showed a more
pronounced decrease in incidence during the first COVID-19
wave.2,3,24–27 Most studies however declare that these re-
ductions in diagnoses often include early-stage tumors, clarified
HPB xxxx, xxx, xxx © 2023 The Authors. Published by Elsevier Ltd on b
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by the temporary suspension of national screening programs.
This could explain the difference in impact on incidence between
pancreatic cancer and other cancer sites, as pancreatic cancer is
known as an aggressive cancer which is usually diagnosed at an
advanced stage.13 Symptoms are frequently more severe and
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pronounced and thus more easily recognizable as an urgent
setting. This may cause patients to seek medical help regardless of
their fear of COVID-19 hotbeds in healthcare, as well as urgent
referrals to secondary care, even if healthcare systems are already
overloaded. This is also supported by the fact that our study
demonstrated that there was no stage migration and perfor-
mance status shift in patients diagnosed with pancreatic cancer in
2020 compared to 2017–2019 or between quarters in 2020. This
corresponds with previous mentioned studies in France, Japan,
and the United States, which also showed no change in baseline
characteristics and/or tumor stage in patients diagnosed with
pancreatic cancer during the first COVID-19 wave.20,22,23

Furthermore, in our study the diagnostic process appeared to
be even somewhat faster as compared to previous years and a
higher rate of patients were discussed in multidisciplinary expert
teammeetings compared to 2017–2019. This was in line with the
ESMO guidelines issued during the first COVID-19 wave, which
stated that stable patients with newly diagnosed resectable
pancreatic cancer were high priority patients which needed
urgent multidisciplinary team discussion.9 It could also be a
result of best practice studies, e.g., PACAP-1 trial.28

Our study showed that in 2020 a comparable rate of patients
received anti-tumor treatment, with a corresponding rate of
curative intention compared to patients diagnosed in
2017–2019. More patients received neoadjuvant treatment and a
lower number of patients received adjuvant treatment, though
the use of FOLFIRINOX as an adjuvant treatment increased. This
is inconsistent with previous research, demonstrated by a global
survey among HPB-surgeons, initiated in the UK, which revealed
that the majority of centers reported 40% less pancreatic surgery
during the first peak COVID-19 wave.12,29 Studies were however
consistent on the increase of neoadjuvant treatment. The same
study from the UK showed that one-fourth of centers changed
treatment pathways for (borderline) resectable patients from
upfront surgery to neoadjuvant chemo (radio)therapy.29 In
addition, a French study demonstrated an increase of neoadju-
vant treatment over upfront surgery.20 These changes in treat-
ment modalities were in accordance with the advice from the
ESMO guidelines, and the local guidelines in the Netherlands
(Dutch Association of Medical Oncology (NVMO), Dutch As-
sociation of Surgery (NVvH)), which assigned a high level of
priority to the initiation of the most active neoadjuvant treat-
ment for patients with (borderline) resectable or locally
advanced pancreatic cancer.7–9 Guidelines also advised to post-
pone adjuvant therapy (with an aim to start within 3 months
after surgery), which clarifies the lower rate of patients in 2020
starting adjuvant chemotherapy within 6 weeks of surgery
compared to 2017–2019. Also, the additional value of neoadju-
vant treatment has been studied over the past years in the
PREOPANC-1 and -2 studies, with the latter enrolling patients
with (borderline) resectable pancreatic cancer in the time frame
reviewed in the current study and experiencing only minor
impact during the first wave of the COVID-19 pandemic.30–33
HPB xxxx, xxx, xxx © 2023 The Authors. Published by Elsevier Ltd on b
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This may have contributed to the observed increased use of
neoadjuvant and decrease of adjuvant treatment.
Despite the pressure on (cancer) care, there was no negative

impact of SARS-CoV-2 pandemic on survival of patients with
pancreatic cancer in the Netherlands. Thus, patients and care
givers were able to maintain life expectancy by playing the hand
they were dealt. Moreover, the fact that no major impact on
incidence or tumor stage has been found, may also explain why
no effect is seen on survival.
For patients with locally advanced or metastatic disease, it was

encouraged to carefully weigh benefits of treatment and perfor-
mance status before suggesting palliative treatment. However, this
study illustrated that best supportive care was not chosen more
often during the SARS-CoV-2 pandemic than in previous years.
The results of this study should be interpreted in light of some

limitations. First, the incidence of pancreatic cancer in the
Netherlands has shown an increasing trend over the years.34 The
stabilization of the incidence during the first COVID-19 year
could therefore be an underestimation. A second possible limi-
tation is the fact that we were only able to analyze survival data
up until 1 February 2022, causing a median follow-up of 4.2
months (IQR 10.9). However, in this aggressive cancer with a
median OS of 3.8 months (95% CI 3.6–4.2), this only applies to
the small cohort of patients that underwent resection of the
tumor. Third, the study design does not allow to exclude possible
residual confounding. After all, between 2017 and 2019 and
2020, as can be seen in the results, many other medical issues
have also improved in pancreatic cancer care in the Netherlands
(for example, more use of neoadjuvant treatment, shorter
postoperative hospital stay, more endoscopic surgery, etc.). In
addition, several studies were conducted during this period that
(possibly) have improved pancreatic care nationally (e.g.
PORSCH, PREOPANC-1 and -2 and PACAP-1 trials).28,30–33,35

Therefore, interpretations of the results must be made with
caution. The main strength of this study is the use of nationwide,
population-based data from the NCR for all adult patients
diagnosed with pancreatic cancer. Therefore, our results accu-
rately reflect daily practice during COVID-19 and the preceding
years.
To conclude, pancreatic cancer is known to be an aggressive

and fatal disease requiring rapid intervention allowing no delays
in diagnosis and treatment. This study demonstrates only minor
changes in incidence, tumor characteristics, treatment, and
survival during the first SARS-CoV-2 pandemic. The current
study displays that, even in health crises and limited resources,
the Dutch health care system was apparently able to maintain
essential medical services for these patients. We believe that this
is mainly due to cooperation of medical specialists in national
associations, prioritizing of care based on urgency and (digital)
alternatives to substitute for hospital visits in the Dutch health-
care system. Despite modifications in treatment pathways, the
SARS-CoV-2 pandemic has not significantly impaired the
outcome of patients with pancreatic cancer.
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