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1. Introduction

Abstract  Aim of the study: The coronavirus disease 2019 (COVID-19) pandemic significantly
impacted cancer care. In this study, clinical patient characteristics related to COVID-19 out-
comes and advanced care planning, in terms of non-oncological treatment restrictions (e.g. do-
not-resuscitate codes), were studied in patients with cancer and COVID-19.

Methods: The Dutch Oncology COVID-19 Consortium registry was launched in March 2020
in 45 hospitals in the Netherlands, primarily to identify risk factors of a severe COVID-19
outcome in patients with cancer. Here, an updated analysis of the registry was performed,
and treatment restrictions (e.g. do-not-intubate codes) were studied in relation to COVID-
19 outcomes in patients with cancer. Oncological treatment restrictions were not taken into
account.

Results: Between 27th March 2020 and 4th February 2021, 1360 patients with cancer and
COVID-19 were registered. Follow-up data of 830 patients could be validated for this analysis.
Overall, 230 of 830 (27.7%) patients died of COVID-19, and 60% of the remaining 600 patients
with resolved COVID-19 were admitted to the hospital. Patients with haematological malig-
nancies or lung cancer had a higher risk of a fatal outcome than other solid tumours. No cor-
relation between anticancer therapies and the risk of a fatal COVID-19 outcome was found. In
terms of end-of-life communication, 50% of all patients had restrictions regarding life-
prolonging treatment (e.g. do-not-intubate codes). Most identified patients with treatment re-
strictions had risk factors associated with fatal COVID-19 outcome.

Conclusion: There was no evidence of a negative impact of anticancer therapies on COVID-19
outcomes. Timely end-of-life communication as part of advanced care planning could save pa-
tients from prolonged suffering and decrease burden in intensive care units. Early discussion of
treatment restrictions should therefore be part of routine oncological care, especially during
the COVID-19 pandemic.

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

September 2020, the first analysis was published [6].
Since then, the number of patients with cancer and
COVID-19 in the Netherlands has increased rapidly.

The coronavirus disease 2019 (COVID-19) pandemic
overwhelmed health-care systems worldwide [1]. Early
reports from China showed an increased risk of a more
severe course of COVID-19 in patients with cancer [2,3],
which has led to adjustments in oncological treatment
[4,5]. To date, the pandemic has significantly impacted
cancer care [4,5].

The Dutch Oncology COVID-19 Consortium
(DOCC) was initiated in March 2020. The main objec-
tive of this registry was to identify risk factors of a se-
vere course of COVID-19 in patients with cancer. In

Although risk factors for these patients leading to a
severe course of COVID-19 have partly been elucidated
(e.g. age, male sex, haematological malignancies and
lung cancer) [6—10], uncertainties regarding specific
risks, especially regarding the safety of continuing can-
cer treatment, remain [11,12].

More knowledge of specific risks for patients with
cancer could guide physicians to make informed de-
cisions on continuing oncological treatment and treat-
ment restrictions in case of severe COVID-19. In the
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Netherlands, advanced care planning, including patient-
clinician communication about end-of-life care, is well-
established in clinical practice, especially in the elderly
or patients with severe medical conditions, such as
cancer [13,14]. End-of-life care communication com-
prises mainly decisions regarding life-prolonging treat-
ment restrictions, such as do-not-resuscitate codes. In
patients with advanced cancer, conversations about end-
of-life care often involve shared-decision making and
usually take place in an elective setting at the outpatient
clinic. As a result, treatment restrictions were already
established for many patients with cancer before the
COVID-19 pandemic, and if not, patients and treating
physicians were motivated to discuss risks and benefits
of invasive treatment in case of COVID-19 [15].

The initiation of COVID-19 vaccination programmes
worldwide is leading to a decreased COVID-19 incidence
and mortality [16,17]. However, as patients with cancer
were often not included in vaccination trials [16,17],
additional research is needed to ensure the efficacy of
COVID-19 vaccination in patients with cancer [18—20].

It is expected that oncological care will still face issues
regarding the vulnerability of patients with cancer and
the safety of continuing cancer treatments during the
COVID-19 pandemic. In this updated analysis, we
studied clinical patient characteristics related to
COVID-19 outcomes and advanced care planning in
terms of treatment restrictions (e.g. do-not-intubate
codes) in patients with cancer and COVID-19.

2. Methods

2.1. Study design and collection of data

The DOCC registry, consisting of medical oncologists,
pulmonologists, haematologists, and neuro-oncologists,

was initiated on 27th March 2020 in 45 hospitals in the
Netherlands. The design of this registry and collection of
the data have been described previously [6].

2.2. Inclusion criteria for this analysis

All patients registered within DOCC, with confirmed
COVID-19 (either in the outpatient or in-hospital
setting) and a cancer diagnosis <5 years, were eligible
for the current analysis. In addition, patients with a
history of cancer and/or treatments (e.g. bone marrow
transplantation or chest radiation therapy) that could
still affect the course of COVID-19 (as per the treating
physician) were also eligible. Confirmed COVID-19 was
defined as either a positive reverse transcription-
polymerase chain reaction (PCR) test or the presence
of antibodies in serology.

2.3. Data processing

For the current analysis, an update on the course and
outcome of COVID-19 was requested for all patients
diagnosed with COVID-19 before 1st October 2020 (>4
weeks before interim analysis on 29th October). For
patients diagnosed after this date and registered before
4th February 2021, additional validation was performed
in case the COVID-19 outcome was known. The applied
methods for data validation have been described previ-
ously [6].

The use of steroids before COVID-19 was collected to
evaluate whether their systemic use could affect
COVID-19 outcomes. Data on type, dose, duration and
indication for steroid use were obtained. To analyse the
effect of duration and indication of steroid use on the
course of COVID-19 independently, subgroup analyses
were performed. The indication of steroid use was

N=1360 patients registered
(February 4", 2021)

N=726 patients
registered until
October 29, 2020

Data cleaning
October/November/December 2020
Update on course and outcome of
COVID-19 requested for all patients
diagnosed with COVID-19 >4 weeks
before October 29™, 2020

N=634 patients
registered between
October 29, 2020 and
February 4", 2021

l

Additional cleaning & validation of selection
of the patients of which (N=269 of 634)
COVID-19 diagnosis confirmed by PCR or
serology
Outcome of COVID-19 known

N=830 patients (cleaned data)
PCR or serology confirmed
COVID-19 and known outcome

Fig. 1. Patient selection. Flowchart of patient selection for the current analysis
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Table 1

Clinical patients’ characteristics in DOCC registry. Clinical characteristics of patients with the DOCC registry with fatal outcome of COVID-19 (n
= 230) and resolved COVID-19 (n = 600) in the total group of patients (n = 830).

Variable Resolved (n = 600) Fatal Total group
No hospital admission Admitted to (n = 230)° (n = 830)°
indicated (n = 233)! hospital (n = 367)°

Sex — n (%)

Male 87 (37.3) 206 (56.1) 149 (64.8) 442 (53.3)
Female 146 (62.7) 161 (43.9) 81 (35.2) 388 (46.7)
Age
Median age in years (interquartile range) 60 (49.5—68) 69 (61—-76) 75 (68—81) 69 (60—76)
<65 years — n (%) 153 (65.7) 127 (34.6) 29 (12.6) 309 (37.2)
>65 years < 75 years — n (%) 48 (20.6) 122 (33.2) 85 (37.0) 255 (30.7)
>75 years — n (%) 32 (13.7) 118 (32.2) 116 (50.4) 266 (32.0)

Smoking — n (%)

All smokers 84 (36.0) 190 (51.8) 127 (55.2) 401 (48.3)
Current smoker 11 (4.7) 16 (4.4) 17 (7.4) 44 (5.3)

History of smoking 73 (31.3) 174 (47.4) 110 (47.8) 357 (43.0)
Unknown 36 (15.5) 49 (13.4) 38 (16.5) 123 (14.8)

Presence of comorbidities - n (%)

Cardiovascular disease 75 (32.2) 207 (56.4) 156 (67.8) 438 (52.8)
BMI*> 30 54 (23.2) 75 (20.4) 37 (16.1) 166 (20.0)
COPD® 11 (4.7) 48 (13.1) 37 (16.1) 96 (11.6)
Diabetes mellitus 27 (11.6) 72 (19.6) 54 (23.5) 153 (18.4)
Autoimmune disease 14 (6.0) 21 (5.7) 16 (7.0) 51 (6.1)
Prior/other malignancy 22 (9.4) 64 (17.4) 73 (31.7) 159 (19.2)
Use of steroids at COVID-19 diagnosis 36 (15.5) 80 (21.8) 68 (29.6) 184 (22.2)
As part of cancer treatment® 31 (86.1) 43 (53.8) 38 (55.9) 112 (60.9)
Use >1 week® 13 (36.1) 33 (41.3) 31 (45.6) 77 (41.8)
Cancer type — n (%)
Breast cancer 61 (26.2) 359.5) 21 (9.1) 117 (14.1)
Non small-cell lung cancer 14 (6.0) 52 (14.2) 41 (17.8) 107 (12.9)
Colorectal cancer 23(9.9) 39 (10.6) 16 (7.0) 78 (9.4)
Non-Hodgkin lymphoma 13 (5.6) 35(9.5) 21 (9.1) 69 (8.3)
Prostate cancer 12 (5.2) 31 (8.4) 25 (10.9) 68 (8.2)

Cancer subgroups — n (%)

Haematological malignancies 31 (13.3) 109 (29.7) 79 (34.3) 219 (26.4)
Lung cancer 16 (6.9) 57 (15.5) 44 (19.1) 117 (14.1)
Neuro-oncological malignancies 9 (3.9 12 (3.3) 4 (1.7) 25 (3.0)

Other solid tumours 177 (75.9) 189 (51.5) 103 (44.8) 469 (56.5)

Last cancer treatment — n (%)

Surgery 33 (14.2) 34 (9.3) 17 (7.4) 84 (10.1)
Radiotherapy 29 (12.4) 65 (17.7) 28 (12.2) 122 (14.7)
Thoracic radiotherapy 17 (7.3) 28 (7.6) 21 (9.1) 66 (8.0)
Chemotherapy 93 (39.9) 153 (41.7) 93 (40.4) 339 (40.8)
Immunotherapy 46 (19.7) 58 (15.8) 36 (15.7) 140 (16.9)
Targeted therapy 41 (17.6) 60 (16.3) 30 (13.0) 131 (15.8)
Hormonal therapy 37 (15.9) 32 (8.7) 27 (11.7) 96 (11.6)

Disease stage solid tumours — n (%)

Metastatic 90 (38.6) 120 (32.7) 86 (37.4) 288 (34.7)

Intention most recent cancer treatment given — n (%)

Curative 117 (50.2) 147 (40.1) 81 (35.2) 345 (41.6)
Non-curative 114 (48.9) 202 (55.0) 139 (60.4) 455 (54.8)
Unknown 2 (0.9) 18 (4.9) 10 (4.3) 30 (3.6)

Diagnostic confirmation SARS-CoV-2° infection

PCR 229 (98.3) 354 (96.5) 223 (97.0) 806 (97.1)
Serology (presence of antibodies) 4 (1.7) 13 (3.5) 7 (3.0) 24 (2.9)
Treatment restrictions — n (%) 39 (16.7) 180 (49.0) 199 (86.5) 418 (50.4)

COVID-19, coronavirus disease 2019; DOCC, Dutch Oncology COVID-19 Consortium; PCR, polymerase chain reaction.

% BMI, body mass index

® COPD, chronic obstructive pulmonary disease

¢ SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2).
4 Percentage is expressed as total number of patients with particular variable within group of patients with similar outcomes of COVID-19-.

¢ Within group of patients with steroids.
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categorised in the following two groups: steroid use as
part of the anticancer treatment regimen (e.g. as anti-
emetic treatment) versus steroid use not related to the
anticancer treatment regimen. In addition, duration of
steroid use was categorised as either <7 days or >7 days.
As topical steroids are expected to have minimal sys-
temic effects, and inhaled steroids are suggested to have
beneficial effects [21] on COVID-19 outcomes, these
types were excluded from this analysis. In addition,
hydrocortisone suppletion in patients with adrenal
insufficiency was not included.

To study the frequency of end-of-life communication
within this cohort, data on life-prolonging treatment
restrictions were collected. For this analysis, restrictions
in oncological treatment were not taken into account.
Life-prolonging treatment restrictions include a broad
spectrum of limitations: ‘no hospital admission;’ ‘no
admission to intensive care unit (ICU);” ‘do not

Table 2

Univariable analysis of patient characteristics related to fatal outcome of
COVID-19. Risk (expressed in odds ratio) of a fatal outcome of
COVID-19 for the different patients’ characteristics (n = 830).

All patients (n = 830)

Odds ratio p-value
(95% CI)
Sex (male) 1.93 (1.41-2.64) <0.001
Age
<65 years - -
>65 years < 75 years 4.83 (3.04-7.67) <0.001
>75 years 7.47 (4.75—11.74) <0.001
Smoking 1.47 (1.08—1.99) 0.014
Comorbidities
Cardiovascular disease 2.38 (1.73-3.27) <0.001
BMI* > 30 0.70 (0.47—1.05) 0.081
COPD" 1.94 (1.23-3.07) 0.004
Diabetes mellitus 1.55 (1.07—2.26) 0.020
Autoimmune disease 1.21 (0.65—2.23) 0.546
Prior/other malignancy 2.78 (1.94—3.98) <0.001
Use of steroids at COVID-19 1.75 (1.24—2.48) 0.002
diagnosis
As part of cancer treatment® 0.96 (0.44—2.06) 0.910
Use >1 week® 1.27 (0.60—2.71) 0.536
Cancer type
Other — -
Haematological malignancy 2.01 (1.40—2.89) <0.001
Lung cancer 1.99 (1.28-3.11) 0.002
Last cancer treatment
Surgery 0.64 (0.36—1.11) 0.107
Radiotherapy 0.75 (0.48—1.17) 0.203
Thoracic radiotherapy 1.24 (0.72-2.13) 0.437
Chemotherapy 0.98 (0.72—1.33) 0.882
Immunotherapy 0.89 (0.59—1.34) 0.563
Targeted therapy 0.74 (0.48—1.15) 0.180
Hormonal therapy 1.02 (0.64—1.64) 0.923
Disease stage for solid tumours
Metastatic 0.95 (0.69—1.31) 0.768
Intention most recent cancer treatment given
Non-curative 1.27 (0.91—1.76) 0.154

COVID-19, coronavirus disease 2019.

% BMI, body mass index.

® COPD, chronic obstructive pulmonary disease.
¢ Within group of patients with steroids- -

intubate/ventilate’ and ‘do not resuscitate.” Any patient
with at least one of these restrictions was considered to
have life-prolonging treatment restrictions for this
analysis. Treatment restrictions could have been dis-
cussed in the outpatient clinic (before or during the
COVID-19 pandemic) or during hospital admission for
COVID-19. The timing of the discussion was not
accounted for in this analysis.

2.4. Statistical analysis

Descriptive statistics were used to analyse baseline
characteristics. For univariable and multivariable ana-
lyses, patient characteristics between fatal versus
resolved COVID-19 outcomes were analysed. Pearson’s
chi-square test was applied to identify risk factors
associated with fatal COVID-19 outcome. Variables
with p-values <0.10 were included in multivariable an-
alyses. The multivariable logistic regression analyses
were performed with backward selection, and variables
with p-values <0.05 were considered significant. Data
were analysed using IBM SPSS statistics 25, and statis-
tical tests were performed two-sided. Missing data were
not imputed. The impact of age on COVID-19 outcomes
was studied categorically in the following age groups:
<65 years; >65 to 75 years and >75 years.

To evaluate the effect of active cancer diagnosis or
cancer treatment, different subgroups were analysed.
Because cancer treatment-related predictive factors for
fatal COVID-19 outcome are not yet established for
patients with solid malignancies, subsequent analyses
focussed on patients with solid tumours. Patients with
an active solid tumour were defined as patients with
metastatic disease, patients receiving cancer treatment
<90 days before COVID-19 and patients not receiving
treatment as they were still in a diagnostic phase or
those receiving only best supportive care. In addition,
patients with an active solid malignancy who received
oncological treatment <30 days before COVID-19 were
analysed to assess the impact of cancer treatment.

3. Results
3.1. Total patient population

From March 2020 until 4th February 2021 (database
lock), 1360 patients with cancer and COVID-19 were
registered. During the fall of 2020, infection rates
increased, and by 29th October, 726 patients had been
registered. During the collection of the updated data, the
second COVID-19 outbreak in the Netherlands had
reached its peak, which resulted in an additional regis-
tration of 634 patients (Fig. 1).

In total, data of 830 patients with confirmed and
known outcomes of COVID-19 were validated for this
analysis [6]. In summary, 53.3% of patients were men,
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Frequency Odds ratio
n (%) (95%~-Cl) P-value

Age

<65 years 309 (37.2)

>65 years <75 years 255 (30.7) 3.82(2.18 -6.69) S a— <0.001

>75 years 266 (32.0) 5.04 (2.85-8.92) _— <0.001
Comorbidities

Cardiovascular disease 438 (52.8) 1.77 (1.15-2.72) - 0.009

Prior/other malignancy 159 (19.2) 1.94 (1.24 - 3.05) —— 0.004
Cancer Type

Other 494 (59.5)

Haematological malignancy 219 (26.4) 1.68 (1.05 - 2.68) —— 0.032

Lung cancer 117 (14.1) 1.81(1.09 - 3.00) —— 0.022

0 2 4 ] 8 L

Fig. 2. Multivariable analysis of patient characteristics related to fatal outcomes of COVID-19. Multivariable analyses of a fatal outcome of

COVID-19 for all patients (n = 830).

the median age was 69 years [Interquartile Range (IQR)
60—76], and 20% of patients had a body mass index >30
(Table 1). In addition, almost 20% had been diagnosed
with prior/other malignancies (Supplementary Table 1).
In total, 230 of 830 (27.7%) patients died of COVID-19,
of whom almost all (224/230) patients died in the hos-
pital. Of the 600 patients with resolved COVID-19, 60%
was admitted to the hospital (Table 1). As the database
lock was set on 4th February 2021, and the first vacci-
nations were administered after 6th January 2021, in the
Netherlands, none of the patients had received a
COVID-19 vaccine before inclusion in the current
analysis.

In univariable analysis, male sex, older age, (a history
of) smoking, cardiovascular disease, chronic obstructive
pulmonary disease, diabetes mellitus, prior/other ma-
lignancies and treatment with steroids before COVID-19
were all associated with a higher risk of fatal COVID-19
outcome (Table 2). In addition, lung cancer and hae-
matological malignancies were associated with an
increased risk of fatal outcome compared with other
solid tumours (Table 2). In multivariable analysis, age,
cardiovascular disease, and prior/other malignancies
were associated with a higher risk of a fatal outcome of
COVID-19 (Fig. 2). For patients with haematological
malignancies or lung cancer, the risk of fatal COVID-19
outcome was higher than in patients with other solid
tumours (Fig. 2).

3.2. Active solid malignancies

In total, 77% (471/611) of patients with solid tumours
were considered having an active malignancy. The
identified risk factors of fatal COVID-19 outcome were
comparable with the overall group of patients in

Table 3

Univariable analysis of subgroup of patients with active solid malignancy
and COVID-19. Risk (expressed in odds ratio) of a fatal outcome of
COVID-19 for the different patients’ characteristics in patients
considered as having an active malignancy (n = 471).

Patients with active malignancy

(n = 471)
Frequency Odds ratio p-value
n (%) (95% CI)
Sex (male) 222 (47.1)  1.63 (1.06—2.51)  0.027
Age
<65 years 213 (45.2) — —
>65 years < 75 years 133 (28.2) 4.55(2.50-8.27)  <0.001
>75 years 125 (26.5)  6.37 (3.52—11.52) <0.001
Smoking 230 (48.8) 1.73 (1.12—-2.67)  0.014
Comorbidities
Cardiovascular disease 225 (47.8) 2.60 (1.66—4.08)  <0.001
BMI* > 30 102 (21.7)  0.84 (0.49—1.44)  0.525
CoPD" 52 (11.0)  2.24 (1.20—4.20)  0.010
Diabetes mellitus 88 (18.7) 1.65 (0.99—-2.76)  0.055
Autoimmune disease 27 (5.7) 1.19 (0.49-2.89)  0.703
Prior/other malignancy 79 (16.8) 2.30 (1.37-3.86)  0.001
Cancer type
Other solid tumours 381 (80.9) — -
Lung cancer 90 (19.1)  2.21 (1.34-3.65)  0.002
Last cancer treatment
Surgery 51 (10.8)  0.80 (0.39—1.66)  0.550
Radiotherapy 87 (18.5)  0.59 (0.32—1.1) 0.093
Thoracic radiotherapy 48 (10.2) 1.14 (0.57-2.27)  0.719
Chemotherapy 212 (45.0) 0.84 (0.54—1.30) 0.426
Immunotherapy 79 (16.8) 0.68 (0.37—1.27)  0.227
Targeted therapy 74 (15.7) 0.42 (0.20—0.87)  0.016
Hormonal therapy 86 (18.3) 1.11 (0.64—1.91) 0.716
Disease stage for solid tumours
Metastatic 288 (61.1) 1.89 (1.18—3.03)  0.007
Intention most recent cancer treatment given
Non-curative 292 (62.0) 1.94 (1.19-3.15)  0.007

CI, confidence interval; COVID-19, coronavirus disease 2019.
& BMI, body mass index.
® COPD, chronic obstructive pulmonary disease 2.
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Frequency Odds ratio
n(%) (95%-Cl) P-value

Age

<65 years 213 (45.2)

>65 years <75 years 133 (28.2) 3.86 (1.82-8.19) —_— <0.001

>75 years 125 (26.5) 3.95(1.84-8.51) e <0.001
Comorbidities

Cardiovascular disease 225 (47.8) 2.32(1.26-4.26) _— 0.007

Prior/other malignancy 79 (16.8) 2.12(1.09-4.14) — 0.028
Last cancer treatment

Targeted therapy 74 (16.7) 0.18 (0.05-0.63) e 0.007
Disease stage for solid tumours

Metastatic 288 (61.1) 2.88 (1.52-5.48) s 0.001

126 02 0%0 100 200 400 800

Fig. 3. Multivariable analysis for the subgroup of patients with active malignancy and COVID-19. Multivariable analyses of a fatal outcome
of COVID-19 in the group of patients considered having an active malignancy (n = 471).

univariable analysis (Table 3). Treatment with targeted
therapy (e.g. trastuzumab, bevacizumab and palboci-
clib) was associated with a decreased risk of a fatal
COVID-19 outcome. The administered targeted thera-
pies are presented in Supplementary Table 2. In
multivariable analysis, age, cardiovascular disease,
prior/other malignancies and presence of metastases
were independent risk factors for fatal COVID-19
outcome (Fig. 3). Furthermore, treatment with tar-
geted therapy remained associated with a decreased
risk of a fatal COVID-19 outcome in multivariable
analysis (Fig. 3).

A total of 318 patients with solid tumours were
included in a subgroup analysis on active treatment.
Outcomes were comparable to the analyses as shown
previously. When focussing on different oncological
treatments, none of the anticancer therapies had signif-
icant adverse effects on COVID-19 outcomes (data not
shown). However, use of steroids before COVID-19 was
associated with an increased risk of fatal COVID-19
outcome (odds ratio 2.07 [1.13—3.81] [95% confidence
interval], p = 0.018). There were no significant differ-
ences in COVID-19 outcomes among indication or
duration of steroid use.

3.3. Treatment restrictions in the total patient population

Life-prolonging treatment restrictions were present in
50% (418/830) of all patients. Treatment restrictions
were reported for 49.6% of patients with solid tumours
and for 52.5% of patients with haematological malig-
nancies (Table 4). Treatment restrictions varied from
do-not-resuscitate restrictions (n = 179, 21.6%) to no
ICU admissions (n = 148, 17.8%). They were almost
fully constrained to treatment within the hospital as
only 6 (0.7%) patients had a do-not-hospitalise

restriction. Characteristics of patients with whom
treatment limitations were discussed are shown in Table
4. Most patients with treatment restrictions had risk
factors associated with a fatal COVID-19 outcome.
Overall, treatment restrictions were mainly applied in
the elderly (24.9% < 65 years of age vs 78.9% > 75
years), patients with comorbidities (i.e. 70% of patients
with cardiovascular disease had treatment restrictions)
and patients treated with non-curative intent. In the
group of patients with treatment restrictions (n = 418),
47.6% died (n = 199) of COVID-19, whereas 7%
(n = 26) of patients had a fatal outcome in the group
without treatment restrictions (n = 353).

4. Discussion

In total, 27.7% of patients in the DOCC registry had a
fatal outcome of COVID-19. Patients with haemato-
logical malignancies and lung cancer had an increased
risk of a fatal outcome of COVID-19. In addition, male
sex, older age and the presence of comorbidities (car-
diovascular disease and prior/other malignancies) are
risk factors for a fatal COVID-19 outcome. These
findings are comparable to the first DOCC analysis [6]
and other registries of patients with cancer and COVID-
19 [22]. In the overall cohort of patients, 418 of 830
patients (50.4%) had treatment restrictions. The identi-
fied patients with life-prolonging treatment restrictions
all had risk factors associated with a fatal COVID-19
outcome. Treatment restrictions were not applied
owing to Dutch ICU capacity issues, as the maximum
capacity of patients who were hospitalised or admitted
to the ICU was never reached during the time frame of
this analysis.

Importantly, no correlation was found between spe-
cific forms of anticancer therapies and the risk of a
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Table 4
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Frequency of treatment restrictions in total group of patients with cancer and COVID-19. Number of patients in total group of patients (n = 830)
with treatment restrictions, according to baseline characteristics.

Variable Solid tumours (n = 611) Haematological malignancies (n = 219)
Total n Number of treatment Total n Number of treatment
restrictions — n (%)° restrictions — n (%)°
Age
<65 years 245 70 (28.6) 64 7 (10.9)
>65 years < 75 years 183 94 (51.4) 72 37 (51.4)
>75 years 183 139 (76.0) 83 71 (85.5)
Sex
Male 308 173 (56.2) 134 67 (50.0)
Female 303 130 (42.9) 85 48 (56.5)
Smoking
Never smoked 305 126 (41.3) 94 46 (48.9)
Current smoker 37 22 (59.5) 7 3(42.9)
History of smoking 269 155 (57.6) 88 50 (56.8)
Comorbidities
Cardiovascular disease 316 198 (62.7) 122 75 (61.5)
BMI*> 30 135 64 (47.4) 31 15 (48.4)
CopPD® 80 58 (72.5) 16 9 (56.3)
Diabetes mellitus 117 76 (65.0) 36 23 (63.9)
Autoimmune disease 35 17 (48.6) 16 11 (68.8)
Prior/other malignancies 115 74 (64.3) 44 28 (63.6)
Cancer subgroups
Lung cancer 117 81 (69.2) — -
Other solid tumours 494 222 (44.9) — —
Last cancer treatment
Surgery 84 33 (39.3) — -
Radiotherapy 117 57 (48.7) 5 3 (60.0)
Thoracic radiotherapy 64 34 (53.1) 2 1 (50.0)
Chemotherapy 242 133 (55.0) 97 56 (57.7)
Immunotherapy 81 43 (53.1) 59 30 (50.8)
Targeted therapy 74 27 (36.5) 57 38 (66.7)
Hormonal therapy 95 44 (46.3) - -
Disease stage solid tumours
Metastatic 288 182 (63.2) - —
Outcome of COVID-19
Resolved 460 174 (37.8) 140 45 (32.1)
Discharged home 247 79 (32.0) 67 15 (22.4)
To revalidation centre 31 24 (77.4) 17 10 (58.8)
Fatal 151 129 (85.4) 79 70 (88.6)
Intention most recent cancer treatment given
Curative 285 98 (34.4) 60 22 (36.7)
Non-curative 308 194 (63.0) 147 90 (61.2)
Total number of treatment restrictions 611 303 (49.6) 219 115 (52.5)

COVID-19, coronavirus disease 2019.

% BMI, body mass index.

> COPD, chronic obstructive pulmonary disease 2.
¢ Percentage is expressed as total number of patients with treatment restrictions within group of patients with the same variable.

severe or fatal outcome of COVID-19, which is sup-
ported by other publications [12,23]. However, it is
important to note that oncological treatments may have
been adjusted during this pandemic [4], possibly more
frequently in patients with (multiple) comorbidities and
patients treated within a non-curative setting [23].
Remarkably, a lower risk of a fatal outcome was
observed in patients treated with targeted therapy,
which mainly consisted of trastuzumab + pertuzumab
(Supplementary Table 2). As the effect was not signifi-
cant in a multivariable model within the active treatment
group, it is conceivable that the effect of targeted ther-
apy is caused by multicollinearity. Treatment with

trastuzumab + pertuzumab is usually administered to
patients with breast cancer, a population over-
represented by young (62.2% < 65 years) and female
patients (63.5%), who have more favourable prognostic
factors for COVID-19 outcomes.

For patients treated with steroids before COVID-19,
an increa