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Abstract

Background: The viral pandemic coronavirus disease 2019 (COVID-19) has disrupted cancer patient management
around the world. Most reported data relate to incidence, risk factors, and outcome of severe COVID-19. The safety
of systemic anti-cancer therapy in oncology patients with non-severe COVID-19 is an important matter in daily
practice.

Methods: ONCOSARS-1 was a single-center, academic observational study. Adult patients with solid tumors treated
in the oncology day unit with systemic anti-cancer therapy during the initial phase of the COVID-19 pandemic in
Belgium were prospectively included. All patients (n = 363) underwent severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) serological testing after the first peak of the pandemic in Belgium. Additionally, 141 of
these patients also had a SARS-CoV-2 RT-PCR test during the pandemic. The main objective was to retrospectively
determine the safety of systemic cancer treatment, measured by the rate of adverse events according to the
Common Terminology Criteria for Adverse Events, in SARS-CoV-2-positive patients compared with SARS-CoV-2-
negative patients.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: jean-pascal.machiels@uclouvain.be
C. van Marcke, N. Honoré and A. van der Elst are similar contribution
1Department of Medical Oncology, Institut Roi Albert II, Cliniques
universitaires Saint-Luc, Avenue Hippocrate 10, 1200 Brussels, Belgium
2Institute for Experimental and Clinical Research (IREC, pôle MIRO), Université
catholique de Louvain (UCLouvain), Avenue Hippocrate 10, 1200 Brussels,
Belgium
Full list of author information is available at the end of the article

van Marcke et al. BMC Cancer          (2021) 21:578 
https://doi.org/10.1186/s12885-021-08349-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08349-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:jean-pascal.machiels@uclouvain.be


Results: Twenty-two (6%) of the 363 eligible patients were positive for SARS-CoV-2 by RT-PCR and/or serology. Of
these, three required transient oxygen supplementation, but none required admission to the intensive care unit.
Hematotoxicity was the only adverse event more frequently observed in SARS-CoV-2 -positive patients than in
SARS-CoV-2-negative patients: 73% vs 35% (P < 0.001). This association remained significant (odds ratio (OR) 4.1, P =
0.009) even after adjusting for performance status and type of systemic treatment. Hematological adverse events
led to more treatment delays for the SARS-CoV-2-positive group: 55% vs 20% (P < 0.001). Median duration of
treatment interruption was similar between the two groups: 14 and 11 days, respectively. Febrile neutropenia,
infections unrelated to COVID-19, and bleeding events occurred at a low rate in the SARS-CoV-2-positive patients.

Conclusion: Systemic anti-cancer therapy appeared safe in ambulatory oncology patients treated during the
COVID-19 pandemic. There were, however, more treatment delays in the SARS-CoV-2-positive population, mainly
due to a higher rate of hematological adverse events.
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Background
The viral pandemic coronavirus disease 2019 (COVID-
19), caused by the severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), can present broadly, from
asymptomatic infection through symptoms of mild gen-
eral upper respiratory infection, life-threatening acute
respiratory distress syndrome, and death [1].
Acute infection is diagnosed by reverse transcription

polymerase chain reaction (RT-PCR) allowing the de-
tection of viral RNA from a nasopharyngeal swab.
Unfortunately, logistic, financial, and sometimes legal
issues precluded during the first wave of the pan-
demic the vast majority of caregivers around the
world, including us, to test patients before each hos-
pital admission, treatment, or diagnostic procedure
[2]. Early in the pandemic, specific infection preven-
tion measures and recommendations were imple-
mented in hospitals. These aimed to identify infected
patients before they entered the oncology department,
protect patients and staff, and maintain treatment
quality [3–5]. Drastic reductions in cancer diagnosis
in the latest months is another dramatic consequence
of the pandemic [6].
The majority of scientific data regarding COVID-19

infection in cancer patients relate to the severe form
of the disease and focus mainly on incidence, risk fac-
tors and outcomes [7–9]. Several meta-analyses sug-
gest that cancer patients are at higher risk of
developing the disease and having a severe form, but
also present higher mortality rates [10–12]. Further-
more, large collaborative registries suggest that
COVID-19 positive lung cancer patients are at highest
risk of dismall prognosis [13, 14].
However, around 80% of COVID-19-positive patients

in the general population have only mild symptoms of
the disease, and an undefined number are asymptomatic
transmitters [1]. It is of utmost importance to collect
more data regarding the safety of systemic anti-cancer

treatments in cancer patients with a non-severe form of
COVID-19 [15, 16]. Indeed, in the presence of mild
symptoms, COVID-19 infection can remain undetected
due to the absence or unavailability of repeatable rapid
screening methods. Access to SARS-CoV-2 RT-PCR
testing was limited in Belgium during the initial pan-
demic due to logistics; its availability focused mainly on
patients with severe COVID-19 that required
hospitalization. The Belgian authorities authorized sero-
logical testing to detect post-infection antibodies in the
population on May 20, 2020. As we did not screen
asymptomatic patients or those with only mild symp-
toms during the pandemic, we suspected that some of
our patients with non-severe SARS-CoV-2 infection
have received systemic anti-cancer treatment. We there-
fore undertook a prospective study between June 12 and
July 13, 2020 and offered serological testing to each can-
cer patient undergoing systemic treatment in our cancer
day unit. Our main objective was to retrospectively re-
port the complication rates of systemic treatment in can-
cer patients with non-severe COVID-19 infection,
identified by SARS-CoV-2 RT-PCR or serology, in com-
parison to SARS-CoV-2-negative patients. We also
aimed to identify the discriminant symptoms and clin-
ical/radiological factors associated with SARS-CoV-2
positivity, and to estimate the seroprevalence of anti-
bodies against SARS-CoV-2 in this population.

Methods
Study design, inclusion criteria, study objectives and
endpoints
ONCOSARS-1 was a single center, academic observa-
tional study of a cohort prospectively collected at Insti-
tut Roi Albert II, Cliniques universitaires Saint-Luc
(CUSL), a tertiary cancer center and the largest in
Brussels, Belgium. The inclusion criteria were: (i) pa-
tients older than 18 years, (ii) with a diagnosis of active
solid cancer, (iii) having received systemic anti-cancer
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therapy between February 15 and May 31, 2020, (iv) ad-
mitted to the oncology day unit between June 12 and
July 13, 2020, (v) who agreed to have a SARS-CoV-2
serological test and (vi) who signed an informed consent.
There were no exclusion criteria. Hematological cancer
patients are treated in a separate outpatient unit and did
not take part in this study.
In this selected group of patients, our main objective

was to retrospectively investigate the safety of systemic
anti-cancer treatment administered to SARS-CoV-2-
positive patients in a day unit setting. By doing so, we
also aimed to identify the discriminant symptoms and
clinical or radiological factors associated with SARS-
CoV-2 positivity, and to estimate the seroprevalence of
SARS-CoV-2 in this population. The primary endpoint
was the rate of adverse events in SARS-CoV-2-positive
patients compared to SARS-CoV-2-negative patients ac-
cording to the Common Terminology Criteria for Ad-
verse Events (CTCAE) version 5.0.
SARS-CoV-2-positive patients were defined as patients

in whom SARS-CoV-2 RNA was detected by RT-PCR in
a nasopharyngeal swab between February 15 and July 13,
2020, or as patients with a positive SARS-CoV-2 sero-
logical test between June 12 and July 13, 2020. The study
was approved by our Ethics Committee (2020/18MAI/
278) on June 8, 2020, and all patients signed an in-
formed consent.
In parallel to this study, all cancer healthcare workers

had the opportunity to have a SARS-CoV-2 serological
test at the same timepoint following informed consent.

SARS-CoV-2 serological test and RT-PCR
Qualitative detection of SARS-CoV-2 total antibodies in
human serum was performed on the Cobas e602 using
Elecsys anti-SARS-CoV-2 electrochemiluminescent im-
munoassay (ECLIA) (Roche Diagnostics, Mannheim,
Germany). This assay uses a recombinant nucleocapsid
antigen for the detection of anti-SARS-CoV-2 anti-
bodies. According to the manufacturer’s insert, a cutoff
index of ≥1.0 indicates a positive result [17].
SARS-CoV-2 RNA detection in nasopharyngeal swabs

relies on the genesig® Real-Time RT-PCR assay (Primer-
design Ltd., Chandler’s Ford, United Kingdom). This
assay, performed on RNA extracts, allows the detection
of viral RNA by targeting the RNA-dependent RNA
polymerase (RdRp) gene. The amplification was per-
formed on a LightCycle 480 instrument (Roche Diagnos-
tics, Mannheim, Germany) according to the
manufacturer’s recommendations. A test with a cycle
threshold under 40 was considered positive.

Data extraction
Data were systematically collected for all patients admit-
ted to our oncology unit. At the beginning of the

pandemic, the pre-defined data template was adapted to
highlight COVID-19 symptoms (Supplementary appen-
dix 1). Clinical data regarding patient demographics, co-
morbidities, cancer type and stage, oncological
treatment, adverse events (graded according to CTCAE
v5.0), COVID-19 related symptoms (fever, cough, anos-
mia, dyspnea and rhinitis), thoracic imaging and SARS-
CoV-2 testing (RT-PCR and serology) were collected
and managed using REDCap (Research Electronic Data
Capture) tools hosted at CUSL [18, 19]. Data were col-
lected during the initial pandemic outbreak in Belgium
(February 15 – May 31, 2020).

Statistical analysis
The distribution of clinical characteristics, thoracic im-
aging findings and outcomes between SARS-CoV-2-
positive and -negative patients (as detected through RT-
PCR or serology) was compared using the Fisher’s exact
or Mann-Whitney test, as appropriate. Bonferroni cor-
rection was applied for multi-testing. The frequency of
treatment-related adverse events was compared using
Fisher’s exact test. Univariate and multivariate logistic
regression modelling was used to identify risk factors as-
sociated with (i) adverse events significantly more fre-
quent in SARS-CoV-2- positive patients and (ii) SARS-
CoV-2 seroconversion. The threshold to include candi-
date variables in the multivariate model was set at 10%,
and a backward stepwise selection was used to obtain
the optimal model. In all analyses, p-values were 2-
tailed, and P-values < 0.05 were considered statistically
significant. Data analyses were performed using SAS
software (version 9.4, SAS Institute Inc., NC, USA).

Results
Patient characteristics and incidence of SARS-CoV-2
detection
Of the 415 patients admitted to our oncology day unit
between June 12 and July 13, 2020, 379 (91%) signed the
informed consent and 363 (87%) met our inclusion cri-
teria (Fig. 1). Table 1 outlines the main patient charac-
teristics. All eligible patients meeting the inclusion
criteria (n = 363) had SARS-CoV-2 serology performed.
Among these, 141 (38.8%) underwent RT-PCR during
the COVID-19 pandemic: 22 (16%) had symptoms sug-
gestive of a SARS-CoV-2 infection that triggered the test
and 119 (84%) were tested as part of a systematic screen-
ing plan. This plan, introduced by CUSL, from April 1,
2020, mandated that all patients planned for a medical
procedure or overnight stay must undergo systematic
screening with SARS-CoV-2 RT-PCR. However, this sys-
tematic screening was not implemented in the out-
patient oncology day unit, mainly due to logistical
reasons.
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According to RT-PCR and/or serological test, 22 (6%)
of the 363 eligible patients had been exposed to SARS-
CoV-2. One hundred forty-one patients were tested by
RT-PCR, 14 (10%) were positive. For RT-PCR, the posi-
tivity rate varied largely between symptomatic and sys-
tematically screened patients: 9 out of 22 (41%) versus 5
out of 119 (4%), respectively (odds ratio (OR) 15.8, P <
0.001). Seventeen (5%) of the 363 patients had detectable
antibodies against SARS-CoV-2. SARS-CoV-2 serocon-
version was detected in 9 (64%) of the RT-PCR-positive
patients (Table S1).
Three hundred and 49patients did not undergo any

RT-PCR test or had a negative RT-PCR test (Table
S2). Eight (2%) of these patients developed antibodies
against SARS-CoV-2. Five of these eight had under-
gone an RT-PCR test, but none experienced COVID-
19 symptoms.
SARS-CoV-2-positive patients diagnosed either by

RT-PCR or serological test (n = 22) did not statisti-
cally differ from SARS-CoV-2-negative patients (n =
341) with regards to potential risk factors for severe
COVID-19 disease (age, comorbidities, smoking, lung
cancer, advanced disease, number of lines of systemic
therapies for advanced disease, Eastern Cooperative
Oncology Group (ECOG) performance status) (Table
1) [20]. However, the SARS-CoV-2-negative patients
had received overall more immunotherapy, generating
an imbalance between the treatment groups (P =
0.029). In terms of cancer types, head and neck can-
cers and skin cancers were only observed in the
SARS-CoV-2 negative group. SARS-CoV-2-positive
patients received more thoracic radiotherapy over the
previous six months (P = 0.007). These same trends
were also seen numerically in the COVID-19 sub-
groups detected through RT-PCR alone (Table S1) or
serology alone (Table S2).

COVID-19 symptoms and thoracic imaging
Among the 363 patients, 150 (41%) developed symptoms
suggestive of COVID-19 infection and 213 (59%)
remained asymptomatic. Although present in only 5
(23%) SARS-CoV-2-positive patients, anosmia appeared
to be the most discriminant symptom, as no anosmia
was reported in the SARS-CoV-2-negative patients (P <
0.001). Dyspnea and rhinitis were not discriminant, be-
ing frequently reported in treated cancer patients. SARS-
CoV-2-positive patients presented at least one of the
more specific COVID-19 symptoms (fever or cough or
anosmia) more frequently during the follow-up period
(46% vs 13%, P < 0.001) (Table 1). Similar findings were
observed in the subgroups of COVID-19 detected
through RT-PCR alone (Table S1) or serology alone
(Table S2).
Overall, 280 (77%) patients underwent a thoracic

computed tomography (CT) scan or a 2′-deoxy-2′-
[18F] fluoro-D-glucose positron emission tomography
(18-FDG-PET) coupled with a thoracic CT scan dur-
ing the follow-up period, representing 64 and 78% of
the SARS-CoV-2-positive and -negative patients, re-
spectively (P = 0.123) (Table 1). These images were
pre-planned to evaluate treatment efficacy in 97% of
patients. Radiologic signs potentially related to
COVID-19 [21] were more frequent in the SARS-
CoV-2-positive patients (37% versus 7%, P < 0.001).
Analyses of the subgroups of patients diagnosed by
RT-PCR alone or by serology alone revealed the same
trend (Tables S1 and S2). Eight (89%) out of nine pa-
tients with a positive RT-PCR with subsequent sero-
conversion presented COVID-19 symptoms and/or
suggestive CT scan findings. In contrast, only one
(20%) out of five patients with a positive RT-PCR but
a negative serological test presented symptoms and/or
suggestive CT scan findings (P = 0.023).

Fig. 1 Flowchart showing patient enrollment and exclusion

van Marcke et al. BMC Cancer          (2021) 21:578 Page 4 of 12



Table 1 Patients’ characteristics

All (N = 363) SARS-CoV-2 positive * (N = 22) SARS-CoV-2 negative $ (N = 341) P

SARS-CoV-2 RT-PCR test performed 141 (39%) 19 (86%) 122 (36%) NA

Positive 14 (4%) 14 (64%) 0

Negative 127 (35%) 5 (23%) 122 (36%)

SARS-CoV-2 serological test performed 363 (100%) 22 (100%) 341 (100%) NA

Positive 17 (5%) 17 (77%) 0

Negative 346 (95%) 5 (23%) 341 (100%)

Age

Median (IQR) 63 (54–70) 56 (42–68) 63 (56–71) 0.124

≥ 65 years old 159 (44%) 8 (36%) 151 (44%) 0.514

Sex 0.509

Male 167 (46%) 12 (55%) 155 (46%)

Female 196 (54%) 10 (45%) 186 (55%)

Comorbidities 195 (54%) 12 (55%) 183 (54%) 0.999

Arterial hypertension 125 (34%) 7 (32%) 118 (35%) 0.999

Diabetes 43 (12%) 2 (9%) 41 (12%) 0.999

Cirrhosis 6 (2%) 0 6 (2%) 0.999

CKD 31 (9%) 3 (14%) 28 (8%) 0.419

COPD 19 (5%) 1 (5%) 18 (5%) 0.999

Heart disease 43 (12%) 4 (18%) 39 (11%) 0.314

Auto-immune disease 23 (6%) 2 (9%) 21 (6%) 0.641

Cancer type 0.005 γ

Breast/gynecological 111 (31%) 6 (27%) 105 (31%) 0.999

Genito-urinary 27 (7%) 1 (5%) 26 (8%) 0.999

Lung 58 (16%) 4 (18%) 54 (16%) 0.999

Digestive tract 93 (26%) 7 (32%) 86 (25%) 0.999

Skin 30 (8%) 0 30 (9%) 0.190

Head and neck 18 (5%) 0 18 (5%) 0.999

Sarcoma 12 (3%) 1 (5%) 11 (3%) 0.999

Other α 14 (4%) 3 (14%) 11 (3%) 0.364

Cancer stage

Loco-regional 121 (33%) 10 (46%) 111 (33%) 0.245

Metastatic 242 (67%) 12 (55%) 230 (68%) 0.691

Lung 88 (24%) 5 (23%) 83 (24%)

Other visceral 86 (24%) 5 (23%) 81 (24%)

Non-visceral 68 (19%) 2 (9%) 66 (19%)

ECOG Performance status 0.707

- 0–1 351 (97%) 22 (100%) 329 (96%)

- 2–3 12 (3%) 0 12 (4%)

Cancer treatment 0.029 γ

Chemotherapy alone 179 (49%) 15 (68%) 164 (48%) 0.320

Immunotherapy alone 104 (29%) 1 (5%) 103 (30%) 0.028

Chemotherapy + immunotherapy 22 (6%) 2 (9%) 20 (6%) 0.999

Other β 58 (16%) 4 (18%) 54 (16%) 0.999

Line of treatment if metastatic (mean ± SD) 2.0 ± 1.3 1.8 ± 1.1 2.0 ± 1.4
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Adverse events reported during systemic oncological
treatments
SARS-CoV-2-positive patients identified either by RT-
PCR or serology (n = 22) presented more hematological
adverse events compared to SARS-CoV-2-negative pa-
tients (n = 341) (73% vs 35%, P < 0.001). Adverse events
for neutropenia and lymphopenia were of all grades
(Table 2). Only grade 1–2 thrombopenia was observed.
There were no significant differences between the SARS-
CoV-2-positive and -negative patients with regards to
other observed adverse events. Bleeding, infections unre-
lated to COVID-19, and febrile neutropenia occurred at
a low rate in the SARS-CoV-2 positive patients (Table
2). Both subgroups of COVID-19 detected only through
RT-PCR (Table S3) or only through serology (Table S4)
presented similar results. In both univariate and multi-
variate analyses, SARS-CoV-2 positivity, a lower per-
formance status (ECOG 2–3), and treatment with
chemotherapy were significantly associated with
hematological toxicity. Advanced disease, higher age, the
presence of a comorbidity, and symptoms of COVID-19,
were not (Table 3). Table S5 depicts the landscape of
treatment regimens the patients received and the num-
ber of grade 3–4 hematological adverse events, accord-
ing to the SARS-CoV-2 status.
SARS-CoV-2-positive patients experienced more fre-

quent treatment delays than SARS-CoV-2-negative

patients: 55% vs 20%, respectively (P < 0.001). However,
the length of delay did not differ between the two
groups: median 14 vs 11 days, respectively (P = 0.504).
The relationship between treatment delays and
hematological adverse events was significant (P < 0.001,
Fisher exact test).
Two SARS-CoV-2-positive patients, detected by RT-

PCR and later confirmed by serology, prematurely ended
their ongoing systemic treatment during the study
period; one developed complicated sigmoid diverticulitis,
while the second developed grade 2 peripheral neur-
opathy. Three SARS-CoV-2-negative patients also
stopped treatment prematurely; two due to adverse
events and one to disease progression. No patients
stopped treatment due to the pandemic.

Factors associated with seroconversion
To further assess the factors associated with positive
SARS-CoV-2 serology, univariate and multivariate ana-
lyses were performed (Table 4). SARS-CoV-2 positivity
by RT-PCR was the strongest factor associated with
seropositivity. The main COVID-related symptoms
(fever, cough or anosmia), or a thoracic CT scan with
lung infiltrates suggestive of COVID-19 infection, were
also significantly associated with seroconversion in both
the univariate and multivariate analyses. A higher age,
the presence of a comorbidity, lung cancer, recent

Table 1 Patients’ characteristics (Continued)

All (N = 363) SARS-CoV-2 positive * (N = 22) SARS-CoV-2 negative $ (N = 341) P

Other factors

Smoker 166 (46%) 9 (41%) 157 (46%) 0.666

Thoracic radiotherapy < 6months ago 41 (11%) 7 (32%) 34 (10%) 0.007

Heavy surgery < 6 months ago 44 (12%) 3 (14%) 41 (12%) 0.291

Symptoms suggestive of COVID-19

Any 150 (41%) 12 (55%) 138 (41%) 0.194

Fever, cough or anosmia 54 (15%) 10 (46%) 44 (13%) < 0.001

Fever 18 (5%) 5 (23%) 13 (4%) 0.273

Cough 43 (12%) 6 (27%) 37 (11%) 0.185

Anosmia 5 (1%) 5 (23%) 0 < 0.001

Rhinitis 30 (8%) 4 (18%) 26 (8%) 0.707

Dyspnea 125 (34%) 10 (46%) 115 (34%) 0.999

Thoracic imaging

Performed 280 (77%) 14 (64%) 266 (78%) 0.123

COVID-19 suspected 31 (9%) 8 (37%) 23 (7%) < 0.001

* defined as patients with SARS-CoV-2 detected by serology or RT-PCR
$Defined as patients with a negative serology test and either a negative RT-PCR or no RT-PCR performed
α Eye melanoma, chordoma, multiple primary tumor, thymic carcinoma, brain tumors
β Targeted therapy or antibody drug conjugate, approved or as part of a clinical study
γ Overall Fisher p-value. Subgroups p-values are derived from the Fisher test with Bonferroni correction
SARS-CoV-2 severe acute respiratory syndrome coronavirus-2, ECOG Eastern Cooperative Oncology Group, COPD chronic obstructive pulmonary disease, CKD
chronic kidney disease, RT-PCR reverse-transcriptase polymerase chain reaction, SD standard deviation. COVID-19: The viral pandemic coronavirus disease 2019;
NA non-applicable
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Table 2 Adverse events recorded during systemic oncological treatment

All (N = 363) SARS-CoV-2 positive* (N = 22) SARS-CoV-2 negative $ (N = 341) P

Any toxicity 295 (81%) 19 (83%) 276 (81%) 0.778

Hematological toxicity 135 (37%) 16 (73%) 119 (35%) < 0.001

Grade 1–2 78 (22%) 10 (46%) 68 (20%)

Grade 3–4 56 (16%) 6 (27%) 50 (15%)

Neutropenia

Grade 1–2 27 (7%) 5 (23%) 22 (7%)

Grade 3–4 32 (9%) 4 (18%) 28 (8%)

Febrile neutropenia 7 (2%) 1 (5%) 6 (2%)

Lymphopenia

Grade 1–2 49 (14%) 6 (27%) 43 (13%)

Grade 3–4 28 (8%) 4 (18%) 24 (7%)

Thrombopenia

Grade 1–2 46 (13%) 5 (23%) 41 (12%)

Grade 3–4 3 (1%) 0 3 (1%)

Bleeding event 0 0 0

Biological toxicity 117 (32%) 10 (45%) 107 (31%) 0.238

Grade 1–2 107 (30%) 9 (41%) 98 (29%)

Grade 3–4 9 (3%) 1 (4%) 8 (3%)

ALT or AST increased

Grade 1–2 52 (14%) 4 (18%) 48 (14%)

Grade 3–4 3 (1%) 0 3 (1%)

alkaline phosphatase increased

Grade 1–2 61 (17%) 3 (14%) 58 (17%)

Grade 3–4 4 (1%) 0 4 (1%)

Blood bilirubin increased

Grade 1–2 9 (3%) 0 9 (3%)

Grade 3–4 2 (1%) 0 2 (1%)

Creatinine increased

Grade 1–2 23 (6%) 2 (9%) 21 (6%)

Grade 3–4 3 (1%) 1 (5%) 2 (1%)

General adverse events 235 (65%) 12 (55%) 223 (65%) 0.358

Grade 1–2 227 (63%) 10 (46%) 217 (64%)

Grade 3–4 8 (2%) 2 (9%) 6 (2%)

Fatigue

Grade 1–2 194 (53%) 10 (46%) 184 (54%)

Grade 3–4 2 (1%) 0 2 (1%)

Peripheral neuropathy

Grade 1–2 101 (28%) 5 (23%) 96 (28%)

Grade 3–4 3 (1%) 2 (9%) 1 (0.3%)

Rash (acneiform or maculo-papular)

Grade 1–2 71 (120%) 4 (18%) 67 (20%)

Digestive tract toxicity 143 (39%) 10 (46%) 133 (39%) 0.654

Grade 1–2 139 (38%) 9 (41%) 130 (38%)

Grade 3–4 4 (1%) 1 (5%) 3 (1%)
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morbid surgery, or advanced disease were not associated
with seroconversion. Recent thoracic radiotherapy was
significantly associated with positive serology in the uni-
variate analysis but not in the multivariate analysis.

COVID-19 outcomes
Five of the 22 (23%) SARS-CoV-2-positive patients were
hospitalized due to COVID-19 infection. Of these, three
required transient nasal oxygen therapy. All developed
antibodies against SARS-CoV-2. Four additional patients

were hospitalized with presumed COVID-19, but their
status was validated neither by RT-PCR nor by thoracic
imaging. These four patients eventually had negative
serology.

COVID-19 in Belgium, at CUSL, and in the health care
workers of the CUSL ambulatory cancer care unit
Table 5 summarizes the COVID-19 pandemic epidemi-
ology in Belgium and the main actions our cancer center
implemented according to national and institutional

Table 2 Adverse events recorded during systemic oncological treatment (Continued)

All (N = 363) SARS-CoV-2 positive* (N = 22) SARS-CoV-2 negative $ (N = 341) P

Nausea

Grade 1–2 83 (23%) 6 (27%) 77 (23%)

Grade 3–4 1 (0.3%) 1 (5%) 0

Vomiting

Grade 1–2 19 (5%) 2 (9%) 17 (5%)

Grade 3–4 1 (0.3%) 1 (5%) 0

Diarrhea

Grade 1–2 90 (25%) 6 (27%) 84 (25%)

Grade 3–4 4 (1%) 1 (5%) 3 (1%)

Infection α 14 (4%) 1 (5%) 13 (4%)

Airway tract 4 (1%) 0 4 (1%)

Anti-cancer treatment delay 79 (22%) 12 (55%) 67 (20%) < 0.001

Duration

median (days) 14 14 11

Interquartile range (days) 7–15 7–21 7–15 0.504

* Defined as patients with SARS-CoV-2 detected by serology or RT-PCR. $ Defined as patients with a negative serology test and either a negative RT-PCR or no
RT-PCR performed
α Of any type other than COVID-19. ALT alanine aminotransferase, AST aspartate transaminase; COVID-19: The viral pandemic coronavirus disease 2019; SARS-CoV-2
severe acute respiratory syndrome coronavirus-2; Adverse events graded according to Common Terminology Criteria for Adverse Events version 5.0

Table 3 Factors potentially associated with hematological toxicity

Factor Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

Age (≥ 65 vs < 65 years) 0.947 (0.617–1.455) 0.804

SARS-CoV-2 status (positive vs negative) 4.974 (1.897–13.048) 0.001 4.061 (1.421–11.606) 0.009

Comorbidity (absent vs present) 0.848 (0.552–1.300) 0.449

Cancer type (other vs lung) 1.260 (0.695–2.284) 0.447

Disease extent (localized vs metastatic) 1.521 (0.973–2.378) 0.066

ECOG (2–3 vs 0–1) 5.357 (1.424–20.149) 0.013 6.718 (1.517–29.745) 0.012

COVID-19 symptoms*: yes vs no 1.192 (0.661–2.151) 0.559

Treatment:

Chemotherapy vs immunotherapy 12.172 (5.950–24.900) < 0.001 11.435 (5.519–23.692) < 0.001

Chemotherapy + immunotherapy vs immunotherapy 11.280 (3.898–32.645) < 0.001 10.361 (3.495–30.719) < 0.001

Other vs immunotherapy 2.452 (0.987–6.094) 0.053 2.157 (0.846–5.496) 0.107

* Fever, cough or anosmia
CI confidence interval; COVID-19: The viral pandemic coronavirus disease 2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus-2, ECOG Eastern
Cooperative Oncology Group; vs: versus
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recommendations. Belgian official COVID-19 data are
continuously updated on https://covid-19.sciensano.be.
Between February 15 and July 13, 2020, only two (7%)
out of the 28 physicians who attended the outpatient
cancer center daily developed a symptomatic COVID-19
infection documented by SARS-CoV-2 RT-PCR. None
of the other physicians nor the unit’s 19 oncological
nurses developed a symptomatic infection. All healthcare
workers were tested for SARS-CoV-2 antibodies during
the same period as the ONCOSARS-1 study. Only the
two physicians who were positive for SARS-CoV-2 by
RT-PCR developed antibodies against SARS-CoV-2.

Discussion
The rapid spread and non-negligible risk of a fatal out-
come due to COVID-19 has triggered scientific societies
and healthcare systems to define strategies to mitigate
the risk of infection in vulnerable patients [3, 4]. Here
we present the results of a cohort study of ambulatory
cancer patients treated with systemic therapy during the
first peak of the pandemic period in Belgium.
In our study, only 6% of patients (a finding similar to

what is seen at the time of writing this article in the gen-
eral Belgian population, see Table 5), and 7% of healthcare
workers had laboratory proven contact with the virus

(positive RT-PCR or detectable anti-SARS-CoV-2 anti-
bodies). We hypothesize that the rapid implementation of
preventative measures (systematic screening of patients
with fever or acute airway tract symptoms before entering
the oncology day unit, prohibiting visitors unless medically
advised, the strong recommendation to wear a face mask,
and social distancing) was a key factor, at least in part, in
our low rate of SARS-CoV-2 infection [22].
Our SARS-CoV-2-positive patients presented more

frequently with fever, cough or anosmia. Although
clearly associated with COVID-19 in the general popula-
tion, [20] dyspnea, a frequent symptom of cancer pa-
tients, as well as fatigue and diarrhea, frequently
reported as treatment-related adverse events, appeared
less discriminant in our cancer patients (Tables 1 and 3).
This illustrates just one aspect of the diagnostic chal-
lenge during this pandemic. We observed that five out
of eight (63%) patients who were not diagnosed with
COVID-19 during the pandemic, but for which a sero-
conversion was detected afterwards, had presented at
least one COVID-19 related symptom. This highlights
the need to implement large COVID-19 screening pro-
grams in cancer patients to avoid spread of the virus,
even among patients with no or very mild COVID-19
symptoms. We found that SARS-CoV-2-positive patients

Table 4 Logistic regression of factors potentially associated with positive SARS-CoV-2 serology

Factor Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

Age (≥ 65 vs < 65 years) 0.688 (0.249–1.903) 0.471

Comorbidity (absent vs present) 1.323 (0.499–3.510) 0.574

Cancer type (other vs lung) 0.882 (0.245–3.172) 0.848

Disease extent (localized vs metastatic) 2.350 (0.883–6.254) 0.087

Recent morbid surgery (yes vs no) 0.622 (0.130–2.973) 0.552

Thoracic radiotherapy < 6months ago (yes vs no) 3.588 (1.196–10.767) 0.023

SARS-CoV-2 RT-PCR:

not performed vs negative 0.334 (0.079–1.423) 0.138 0.422 (0.092–1.941) 0.268

positive vs negative 43.920 (10.697–180.3) < 0.001 31.159 (6.029–161.04) < 0.001

Thoracic CT scan:

not done vs normal 6.390 (1.561–26.154) 0.010 4.698 (0.906–24.362) 0.065

COVID-19 suspected vs normal 28.522 (7.076–114.97) < 0.001 14.574 (2.858–74.313) 0.001

COVID-19 symptoms*: yes vs no 7.526 (2.761–20.509) < 0.001 4.080 (1.074–15.502) 0.039

Treatment

Chemotherapy vs others 1.317 (0.359–4.840) 0.678

Chemotherapy + immunotherapy vs others 0.873 (0.086–8.869) 0.909

Immunotherapy vs others 0.178 (0.018–1.752) 0.139

Performance status could not be added to the model as no patient with Eastern Cooperative Oncology Group 2–3 tested positive. Recent thoracic radiotherapy
was not retained by the backward stepwise selection in the multivariate modeling
* Fever, cough or anosmia
α Targeted therapy or antibody drug conjugate, approved or as part of a clinical study
CI confidence interval, CT computed tomography, COVID-19: The viral pandemic coronavirus disease 2019, SARS-CoV-2 severe acute respiratory syndrome
coronavirus-2; vs: versus
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had more characteristic lung infiltrates on CT-scan. This
finding was also observed in SARS-CoV-2-positive pa-
tients who were not detected during the three first
months of the pandemic but who were subsequently

diagnosed through serological testing. This suggests that
thoracic imaging is also a useful screening tool.
Delivering optimal systemic anti-cancer treatment

while protecting our patients and medical staff are key
objectives during this pandemic. Except the implementa-
tion of specific protective measures depicted in Table 5,
we did not modify our standard day unit treatment pro-
tocols. The safety data we report here are therefore re-
assuring. We only found a higher rate of hematological
adverse events in the SARS-CoV-2-positive patients in-
cluding all grades of neutropenia and lymphopenia, with
the latter being the most commonly found biological ab-
normality in this disease [20]. These two adverse events
could thus reflect a COVID-19 symptom without add-
itional treatment toxicity. Hematotoxicity led to a higher
rate of treatment delays. Importantly, we did not en-
counter any increase in the other assessed adverse events
in SARS-CoV-2-positive patients, whereas bleeding, in-
fections unrelated to COVID-19, and febrile neutropenia
rates were low. A multivariate analysis confirmed that
hematological toxicity was significantly associated with
the presence of SARS-CoV-2 antibodies after adjusting
for patient’s performance status and type of systemic
treatment. A poorer performance status and the admin-
istration of chemotherapy were also significantly associ-
ated with hematological toxicity. Recently published data
is consistent with our findings: in a cohort study of 309
COVID-19-positive cancer patients, the administration
of chemotherapy was not associated with a severe form
of the disease [23]. Likewise, in a cohort study of 1016
cancer patients, SARS-CoV-2 infection rates remained
as low as in the general population after the implemen-
tation of institutional safety measures [24]. Our patients
received a vast landscape of chemotherapy regimens,
which prevents us from estimating whether certain spe-
cific treatment schedules are more likely to be associated
with toxicity.
Previous work hypothesized that cancer patients are

less likely to develop or maintain antibodies against
SARS-CoV-2 [25]. This study adds data to this assump-
tion, as only nine out of 14 (64%) patients with a positive
SARS-CoV-2 RT-PCR test had detectable antibody levels
at study inclusion. In this population, the presence of
symptoms or lung infiltrates on CT-scan suggestive of
COVID-19 was significantly associated with the develop-
ment of antibodies. However, we could not find defini-
tive risk factors for the development of antibodies
against SARS-CoV-2. Administration of radiotherapy to
the thoracic area within the previous 6 m was signifi-
cantly associated with seroconversion in the univariate
but not multivariate analysis, warranting exploration in
larger cohorts.
Our study has several limitations. First, we prospect-

ively recruited only patients who were still being actively

Table 5 General information regarding COVID-19 epidemiology
and timing of the main measures in Belgium and at Cliniques
universitaires Saint-Luc (CUSL)

COVID-19 epidemiology in Belgium

February 3,
2020

1st proven case (repatriation from Wuhan, China)

February 28,
2020

1st proven case in a Belgian resident

April 6, 2020 Peak of the epidemic (6012 patients hospitalized)

July 1, 2020 Results of the sero-epidemiology study from Antwerp
Hospital: antibodies against SARS-CoV-2 detected in
5.5% of the population, based on 2960 samples (Van
Damme P et al., media communication, July 1, 2020)

COVID-19 epidemiology in CUSL

February 18,
2020

1st case hospitalized

April 2, 2020 Peak of hospitalizations (n = 156, 26 in ICU)

COVID-19 management in CUSL

March 2,
2020

RT-PCR test available in-house for symptomatic patients
requiring hospitalization

March 14,
2020

Test indicated for healthcare workers with respiratory
symptoms and fever without geographic context

March 14,
2020

National hospital emergency plan directing general
preventive measures

March 30,
2020

Test indicated for healthcare workers with mild
respiratory symptoms

April 1, 2020 Systematic RT-PCR test before each invasive procedure
or admission of a hospitalized patient. Due to logistics,
systematic RT-PCR was never recommended for ambu-
latory oncology patients admitted to the day unit.

April 7, 2020 Face masks were made mandatory inside the hospital

Measures specific to the Department of Medical Oncology at CUSL

March 6,
2020

A. Start of systematic check for COVID-19 symptoms:
1) the day before planned systemic treatment (in-
house pre-treatment consultation on a different floor
to the ambulatory care unit or by phone)
2) a second check was established the day of
scheduled treatment at the entrance to the outpatient
medical oncology day unit.
3) in case of any symptoms suggestive of COVID-19
infection:
- 7 days treatment postponement without any
COVID-19 RT-PCR if this treatment delay was judged
medically acceptable.
- COVID-19 RT-PCR if it was judged that a treatment
delay could impact the patient prognosis or if
hospitalization was required.

B. Exclusion of any visitors to the oncology wards.
C. Tissue face masks highly recommended to each
patient entering CUSL.

National epidemiology data is based on the daily Sciensano epidemiology
bulletin available on https://covid-19.sciensano.be. CUSL Cliniques
universitaires Saint-Luc, ICU intensive care unit; RT-PCR: reverse-transcriptase
polymerase chain reaction; COVID-19: The viral pandemic coronavirus
disease 2019
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treated with anti-cancer therapy after the first peak of
the pandemic. Therefore, we cannot exclude that we
missed some SARS-CoV-2-negative and non-severe
SARS-CoV-2-positive patients treated during the pan-
demic who had already stopped treatment before the
study began. Second, we cannot guarantee that some
medical decisions, such as complementary tests and/or
treatment options, were not taken with the pandemic in
mind. Third, at the beginning of the pandemic, the deci-
sion whether to perform SARS-CoV-2 RT-PCR testing
was taken in the context of testing kit shortages. Like-
wise, it was logistically not feasible to compensate for
the lack of tests by offering thoracic CT scans. Fourth,
this study focused on solid cancer patients. While haem-
atological cancer patients do not appear at increased risk
of SARS-CoV-2 infection, they are at higher risk of de-
veloping severe COVID-19 [26]. Our results should thus
not be extrapolated to them. Finally, the rate of false
negative results from the nasopharyngeal RT-PCR test is
reported to be in the order of 30–40% [27]. This reduces
the accuracy of any data ever reported for COVID-19.
Likewise, several tests exist to detect antibodies against
SARS-CoV-2, with highly variable diagnostic accuracies
[28]. However, the electrochemiluminescent immuno-
assay we used has a high sensitivity (91%) and specificity
(100%) at the cut-off pre-specified by the manufacturer
[29].

Conclusion
This cohort study of patients with solid cancers actively
treated during the COVID-19 pandemic demonstrates
that when strong preventive measures are taken to pro-
tect patients and healthcare workers, systemic anti-
cancer therapy can be safely administered to SARS-
CoV-2-positive patients not presenting with a severe
form of the infection. Attention should especially focus
on hematological adverse events. Typical COVID-19
symptoms (fever, cough or anosmia) should trigger
SARS-CoV-2 RT-PCR testing to confirm or rule out
SARS-CoV-2 infection.
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