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Background: Solid cancer is an independent prognostic factor for poor outcome with COVID-19. As guidelines for
patient management in that setting depend on retrospective efforts, we here present the first analyses of a
nationwide database of patients with cancer hospitalized with COVID-19 in Belgium, with a focus on changes in
anticancer treatment plans at the time of SARS-CoV-2 infection.

Methods: Nineteen Belgian hospitals identified all patients with a history of solid cancer hospitalized with COVID-19
between March 2020 and February 2021. Demographic, cancer-specific and COVID-specific data were
pseudonymously entered into a central Belgian Society of Medical Oncology (BSMO)-COVID database. The
association between survival and primary cancer type was analyzed through multivariate multinomial logistic
regression. Group comparisons for categorical variables were carried out through a Chi-square test.

Results: A total of 928 patients were registered in the database; most of them were aged >70 years (61.0%) and with
poor performance scores [57.2% Eastern Cooperative Oncology Group (ECOG) >2]. Thirty-day COVID-related mortality
was 19.8%. In multivariate analysis, a trend was seen for higher mortality in patients with lung cancer (27.6% versus
20.8%, P = 0.062) and lower mortality for patients with breast cancer (13.0% versus 23.3%, P = 0.052) compared with
other tumour types. Non-curative treatment was associated with higher 30-day COVID-related mortality rates
compared with curative or no active treatment (25.8% versus 14.3% versus 21.9%, respectively, P < 0.001). In 33%
of patients under active treatment, the therapeutic plan was changed due to COVID-19 diagnosis, most frequently
involving delays/interruptions in systemic treatments (18.6%). Thirty-day COVID-related mortality was not
significantly different between patients with and without treatment modifications (21.4% versus 20.5%).

Conclusion: Interruption in anticancer treatments at the time of SARS-CoV-2 infection was not associated with a
reduction in COVID-related mortality in our cohort of patients with solid cancer, highlighting that treatment
continuation should be strived for, especially in the curative setting.
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INTRODUCTION

The COVID-19 pandemic has caused unprecedented strains
on health care systems worldwide. Early medical responses
and policy making relied on incomplete knowledge about the
disease and its risk factors. Scientific efforts amidst this crisis,
however, have since helped to improve insight so that policies
can and could be adapted accordingly. Specifically in the field
of oncology, it is now known that the pandemic impacted
screening programs as well as diagnostic and therapeutic care
planning, resulting in delayed care for many patients.™> On an
individual patient level, current or previous history of cancer
increases the risk of SARS-CoV-2 infection, hospitalization
with COVID-19 and even subsequent mortality, as recently
reviewed extensively elsewhere.> Some factors that have
been identified as poorly prognosticin the general population
also apply to patients with solid cancer, such as male sex,
older age, history of smoking, lower overall performance
status and higher number of comorbidities.*” Many risk
factors, however, distinguish oncology patients from the
general population as well. Patients with lung cancer, and in
some reports patients with lung metastases, have been found
to have higher mortality rates from COVID-19 compared with
patients with other primary solid tumour types.”*®° This
might reflect how their disease and/or risk factors (e.g.
smoking) negatively affect respiratory capacity. Likewise,
systemic cancer treatments such as chemotherapy may
disrupt the immune response to infectious diseases.’ The role
of cancer immunotherapy is less clear. On top of this, sero-
conversion after vaccination for SARS-CoV-2 appears to be
lower in cancer patients, and even more so in those with
metastatic disease and those treated with chemotherapy,
steroids or cyclin-dependent kinase 4/6 (CDK4/6)
inhibitors.*’

Nationwide and even worldwide registries focusing on
patients with cancer and COVID-19 specifically, such as the
COVID-19 and Cancer Consortium (CCC19) database,
TERAVOLT and ESMO CoCare initiatives are essential to fill
the remaining knowledge gaps. As data collection on out-
comes in patients hospitalized with COVID-19 in Belgium
was streamlined through the national health institution
Sciensano, the Belgian Society of Medical Oncology (BSMO)
decided to contribute to that growing knowledge by setting
up a population-based nationwide study on the interplay
between cancer and COVID-19. The first results of that
effort focused on the comparison between patients with
and without solid cancer and highlighted an important in-
crease in in-hospital mortality among patients with solid
cancer (31.7% versus 20.0%, respectively; adjusted odds
ratio 1.34; 95% confidence interval 1.13-1.58).*' Here we
present the results of the second part of the study, where
additional information was collected on patients with can-
cer and COVID-19 hospitalized in Belgium. Our aim was to
investigate possible differences in outcomes between pa-
tients with different primary tumour types, between pa-
tients under active treatment versus those without,
according to treatment received, and according to changes
in the oncological treatment plans due to COVID-19.
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MATERIAL AND METHODS

Patient identification

Adults (individuals aged >18 vyears) hospitalized with
COVID-19 in Belgium between 1 March 2020 and 1
February 2021 registered in the Sciensano COVID-19 data-
base and identified by each participating institution as
having a prior or current solid cancer were eligible for in-
clusion in the study. Patients with a haematological malig-
nancy, but without a solid tumour and patients with only
non-melanoma skin cancer were not included. Diagnosis
of COVID-19 was based on a molecular test (PCR) and/or
chest computed tomography imaging.

Data collection

A central electronic case report form (eCRF) was created
using REDCap®. Data on patient demographics, comorbid-
ities, primary cancer diagnosis, anticancer treatments pre-
viously received, anticancer treatment changes due to
COVID-19 and survival outcome were retrospectively
registered by the participating institutions in this central
database. Standardized data reported by the hospitals on
COVID-19 baseline characteristics (signs, symptoms, labo-
ratory values) and COVID-19 disease evolution, treatment
and outcomes during hospitalization were sent back by
Sciensano directly to each reporting hospital from their
central database.™® Within each hospital, data were pseu-
donymized by the participating investigators, and then
merged with the REDCap® eCRF.

Statistical analysis

Descriptive analyses of baseline patient, cancer and treat-
ment characteristics were carried out and are provided as
frequencies with percentages for categorical variables or
mean with standard deviation/median with interquartile
range (IQR) for continuous variables. Survival outcomes
defined for analysis were overall mortality at 30 days after
COVID-19 diagnosis (30-day mortality) and overall mortality
at 3 months after COVID-19 diagnosis (3-month mortality),
and analogously defined COVID-19-related and non-COVID-
19-related 30-day and 3-month mortality. For subgroup
analyses, an ‘active cancer’ subgroup was defined including
patients undergoing active anticancer treatment at or
within 90 days before diagnosis of COVID-19, as well as
patients under palliative care only (without specific anti-
cancer treatment). Active anticancer treatment was defined
as any form of locoregional or systemic treatment given
with the purpose of treating cancer and/or preventing
cancer relapse. Subgroup analysis was also carried out for
the first and second wave of the COVID-19 pandemic in
Europe separately, with a cut-off on 30 June 2020.

Group comparisons with regards to categorical variables
were carried out by means of a Chi-square test. The asso-
ciation between (non-)COVID-19-related death with cancer
type, correcting for possible confounders was analyzed by
means of multivariate multinomial logistic regression
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models including age, gender, Eastern Cooperative
Oncology Group (ECOG) performance status, body mass
index, Charlson comorbidity index (which includes the
presence or absence of metastatic cancer disease at COVID-
19 diagnosis), haematological malignancies and ICU
admission as covariates. All P values reported are two-
sided, and P values <0.05 were considered to reflect sta-
tistical significance. All analyses were carried out using SAS
software (SAS Institute, Cary, NC) (version 9.4 of the SAS
System for Windows).

RESULTS

A total of 19 Belgian hospitals involved in cancer care
received approval for the study by their local ethics com-
mittee and subsequently participated in patient registra-
tion. In total, 928 patients with solid cancer hospitalized
with COVID-19 during the predefined study period were
registered and available for subsequent analysis upon
database lock on 26 April 2022. A descriptive analysis of
baseline patient characteristics can be found in Supple-
mentary Table S1, available at https://doi.org/10.1016/j.
esmoop.2022.100610. Median age at COVID-19 diagnosis
was 73 years (IQR 64-81 years) and most of the patients
were of male sex (57.1%). ECOG performance status was >2
in 57.2% of patients, and median Charlson comorbidity in-
dex was 7 (IQR 6-9). Almost half of the patients (n = 457,
49.3%) had received any type of anticancer treatment
within 3 months of COVID-19 diagnosis. This included
chemotherapy in 43.1%, endocrine treatment in 23.0%,
immunotherapy in 17.1% and targeted treatment in 11.4%.
Most of these patients (62.3%) received treatment in a non-
curative setting. The main reason for hospitalization was the
clinical status of the patient in 68.0% (n = 631), whereas
27.6% (n = 256) of patients were hospitalized for another
reason but concomitantly got diagnosed with COVID-19 and
3.1% (n = 29) were hospitalized out of precaution.
Thirty-day overall and COVID-19-related mortality in all
patients assessable for survival analysis (n = 895) were
26.8% and 19.8%, respectively (Table 1). COVID-19-related
30-day mortality was numerically higher in the first
compared with the second wave of the pandemic, though
this observed difference did not reach statistical significance
(22.1% versus 17.1%, P = 0.13). In multivariate analysis,
primary tumour type did not influence COVID-19-related

mortality (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2022.100610). However, a trend
for lower mortality in patients with breast cancer compared
with patients with other solid cancers (13.0% versus 23.3%,
P = 0.058), and higher mortality for patients with lung
cancer (27.6% versus 20.8%, P = 0.074) were seen. Patients
under active treatment in the non-curative setting had
higher 30-day COVID-19-related mortality rates in compar-
ison to patients not receiving active treatment or those
patients receiving active cancer treatment in the curative
setting (25.8% versus 21.9% versus 14.3%, respectively, for
each comparison, P < 0.001) (Figure 1, Table 2).

Of patients under active anticancer treatment, the anti-
cancer treatment plan was modified due to COVID-19
diagnosis in about one-third of patients, both in the non-
curative [34.9% (99/284)] and the curative [29.5% (48/
163)] treatment setting (Supplementary Table S3, available
at https://doi.org/10.1016/j.esm00p.2022.100610). The
number of treatment changes was higher in the first wave
compared with the second [39.7% (93/234) versus 25.4%
(54/213), P < 0.001] (Figure 2). Most frequent treatment
changes were delay/interruption (20.1% and 16.0% for non-
curative and curative setting, respectively) and full cancel-
lation (10.6% and 6.1% for non-curative and curative
setting, respectively) of systemic treatment. Within the
subgroup of patients receiving chemotherapy at the time of
COVID-19 diagnosis, almost half of them experienced
changes in their chemotherapy treatment plan (93/195,
47.7%). This involved mainly delays/interruptions due to
COVID-19 diagnosis (n = 62), with interruptions for >1
month in almost half of all patients where chemotherapy
delay time was known, and even full cancellation in 29
patients. For patients already under systemic treatment in
the curative setting at the time of COVID-19 diagnosis,
cancellation of systemic treatment was observed in only
9.3% (10/108). Fourteen patients under active treatment
were planned to undergo surgery, whereas only six received
it as planned. Seventy-eight patients were receiving
immunotherapy at the time of COVID-19 diagnosis, and this
treatment was interrupted in 10 and cancelled in 9. The
main reasons for changes in treatment plan were COVID-19-
related complications, followed by fear for/existence of
anticancer treatment-related toxicity such as neutropenia
(in 77.6% and 14.3% of patients with treatment changes,

Table 1. All-cause and COVID-related mortality at 30 days and 3 months overall and according to time of COVID-19 diagnosis
Total n/N (%) Wave 1 n/N (%) Wave 2 n/N (%) P value
Variable
30-Day mortality
Alive 655/895 (73.2) 345/485 (71.1) 310/410 (75.6) 0.175
COVID-related death 177/895 (19.8) 107/485 (22.1) 70/410 (17.1)
Non-COVID-related death 63/895 (7.0) 33/485 (6.8) 30/410 (7.3)
3-Month mortality
Alive 571/875 (65.3) 308/475 (64.8) 263/400 (65.8) 0.600
COVID-related death 191/875 (21.8) 109/475 (23.0) 82/400 (20.5)
Non-COVID-related death 113/875 (12.9) 58/475 (12.2) 55/400 (13.8)

Variables were analyzed using a Chi-square test. The reported P values are for the comparison of wave 1 versus wave 2 and are two-sided.
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Figure 1. Mortality in function of oncological treatment setting at time of COVID-19 diagnosis. (A) 3-Month mortality according to oncological treatment setting at time of
COVID-19 diagnosis. (B) Kaplan—Meier survival estimates for COVID-19-related survival according to oncological treatment setting at time of COVID-19 diagnosis. <3 months:
‘in the 3 months before COVID-19 diagnosis’. P values (Chi-square test) for % COVID-19-related survival at 3 months: no active treatment <3 months versus curative treatment
P = 0.117; no active treatment versus non-curative treatment P < 0.001; curative treatment versus non-curative treatment P < 0.001.
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Table 2. All-cause and COVID-related mortality at 3 months according to treatment setting at time of COVID-19 diagnosis

No active treatment Non-curative treatment Curative treatment P value
Variable (A) n/N (%) (B) n/N (%) (C) n/N (%)
3-Month mortality Overall A versus B A versus C B versus C
Alive 307/439 (69.9) 140/275 (50.9) 115/147 (78.2) <0.001 <0.001 0.117 <0.001
COVID-related death 96/439 (21.9) 71/275 (25.8) 21/147 (14.3)
Non-COVID-related death 36/439 (8.2) 64/275 (23.3) 11/147 (7.5)

Active treatment defined as having received any type of anticancer treatment in the 3 months before COVID-19 diagnosis. Variables were analyzed using a Chi-square test. The

reported P values are two-sided.

respectively). Neither 30-day COVID-19-related mortality
nor 3-month non-COVID-19-related mortality were signifi-
cantly different between patients with and without treat-
ment modifications (21.4% versus 20.5%, P = 0.18 and
18.8% versus 17.0%, P = 0.89, respectively) (Table 3).

DISCUSSION

The impact of COVID-19 on patients with cancer and their
treatments has been ubiquitous and unprecedented.
Knowledge on how the disease course is influenced by the
patients’ oncological setting is needed to guide treatment
decisions; however, patients with malignancies have largely
been excluded from prospective clinical trials in this setting.
We thus rely on retrospective and real-world data analysis
to learn for the future. The BSMO-COVID database is a large
(~1000 patients) nationwide database of patients with
solid cancer hospitalized with COVID-19, set up to help
answer some of the remaining questions on this topic. To
enhance the leverage of our database, our data were
transferred to the ESMO CoCare initiative on 12 April 2022.
While prognostic analyses presented in this paper are thus
limited, the results from analyses on that merged dataset
will be reported separately.

The European OnCovid and American Society of Clinical
Oncology (ASCO) registries, including patients with a history
of solid or haematological cancer and a diagnosis of SARS-
CoV-2 infection, already reported major differences in
mortality rates between what we here defined as the first
and second waves of the pandemic.”®>* The same trend
was seen in our hospitalized population, likely reflecting an
improvement in diagnosis and management of patients
with COVID-19, thanks to the increasing knowledge on the
disease. Our database only covered patients hospitalized up
until February 2021, expected to be infected mainly with
alpha and delta variants of the SARS-CoV-2 virus. We as-
sume mortality rates will have continued to evolve
favourably for patients with cancer, as the omicron variant
has become dominant later and vaccines have become
available to most of our patients (primary course vaccina-
tion campaign in Belgium started in the first quarter of
2021, with coverage in adults now being 89%)."> Of note,
our database included mostly patients with poor ECOG
performance scores and many of older age, as would be
expected in a population hospitalized mainly because of
their clinical status upon infection, so mortality rates should
not be generalized to ambulatory and fitter patients.

Volume 7 m Issue 6 m 2022

Many early reports and guidelines have focused on
delivering cancer care in challenging pandemic times.*®??
The goal of these guidelines was to maintain high-quality
oncological management while mitigating the risk of
hospital-acquired SARS-CoV-2 infection for both patients
and caregivers. Our focus was different, as for patients
under active anticancer treatment who do have COVID-19,
no clear guidelines for treatment modifications exist, but
mostly expert recommendations. Although many patients
experienced delays or even cancellations of their anticancer
treatment plans, no significant difference in 30-day COVID-
19-related mortality was observed between those with and
without treatment changes in the population included in
our study. This is in line with the observations in the
OnCovid dataset, where only permanent treatment
discontinuation resulted in increased risk of medium-term
death, but regimen adjustments did not.”®> In contrast
with our database, OnCovid also included ambulatory pa-
tients and haematological patients, and did not look at
COVID-19-related mortality separately. Although treatment
delays thus did not reduce COVID-19 mortality in our study,
it is expected and modelled by others that these delays
could result in a late increase in cancer-related mortality.*
Our findings are therefore reassuring for the future, high-
lighting that treatment discontinuations upon COVID-19
diagnosis should be avoided where possible. This is of
utmost relevance for the subsets of patients where cancer
diagnosis influences their long-term prognosis, but not
necessarily their COVID-19-related mortality. Factors to take
into account in assessing that risk balance are the following:
firstly, for most primary solid tumour types excluding lung
cancer, no association has been proven with increased
COVID-19-related mortality.®> Secondly, some non-immune-
modifying treatment regimens, such as endocrine treat-
ment, have not been shown to influence COVID-19 out-
comes.? Thirdly, seroconversion rates after SARS-CoV-2
vaccination tend to be lower in patients with solid cancer
compared with the general population.’® Lower vaccine
efficacy is thought, however, to be restricted to only some
subgroups of oncology patients. Although these subgroups
are not yet well defined, rapidly advancing knowledge
might teach us which patients are as protected against se-
vere COVID-19 disease course as patients without a malig-
nancy after full vaccination. And lastly, for patients in the
curative setting long treatment discontinuation or even
cancellation might jeopardize their chances of cure and
impact long-term outcomes.
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Figure 2. Treatment modifications according to timing of COVID-19 diagnosis, treatment setting and type of treatment planned. (A) Treatment modifications
according to timing of COVID-19 diagnosis. First wave: 1 March 2020-30 June 2020; second wave: 1 July 2020-1 February 2021. Three patients from the first wave with
unknown treatment modification status were excluded from this graph. (B) Treatment modifications according to anticancer treatment type for patients under active
anticancer treatment (any type of anticancer treatment received in the 3 months before COVID-19 diagnosis).

Conclusion

Our large nationwide database of patients with solid cancer
hospitalized with COVID-19 during the first two waves of
the pandemic in Belgium highlights that discontinuation of
anticancer treatment at the time of COVID-19 diagnosis is
not associated with reduced COVID-related mortality rates.
Continuation of anticancer therapy while infected by
SARS-CoV-2 should thus be strived for in patients not

6 https://doi.org/10.1016/j.esmoop.2022.100610

severely ill from and not likely to die of COVID-19, in order
not to compromise long-term oncological outcomes.
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Table 3. Comparative analysis of all-cause and COVID-related mortality
according to anticancer treatment modifications at time of COVID-19
diagnosis

No treatment P value
modifications
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modifications
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COVID-related death 60/276 (21.7)  32/144 (22.2)
Non-COVID-related death  47/276 (17.0)  27/144 (18.8)

Variables were analyzed using a Chi-square test. The reported P values are two-
sided.
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