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Summary
Background Cancer patients infected with severe
acute respiratory syndrome coronavirus type 2 (SARS-
CoV-2) have an increased risk of mortality. Here, we
investigated predictive factors for coronavirus disease
2019 (COVID-19) associated mortality in patients with
neoplastic diseases treated throughout Austria.
Methods In this multicentric nationwide cohort study,
data on patients with active or previousmalignant dis-
eases and SARS-CoV-2 infections diagnosed between
13 March 2020 and 06 April 2021 were collected. Col-
lected data included the stage of themalignant disease
and outcome parameters 30 days after the diagnosis
of SARS-CoV-2 infection.
Results The cohort consisted of 230 individuals of
which 75 (32.6%) patients were diagnosed with hema-
tologic malignancies and 155 (67.4%) with solid tu-
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mors. At a median follow-up of 31 days after COVID-
19 diagnosis, 38 (16.5%) patients had died due to
COVID-19. Compared to survivors, patients who
died were older (62.4 vs. 71.4 years, p< 0.001) and
had a higher ECOG performance status (0.7 vs. 2.43,
p< 0.001). Furthermore, higher neutrophil counts
(64.9% vs. 73.8%, p= 0.03), lower lymphocyte counts
(21.4% vs. 14%, p=0.006) and lower albumin levels
(32.5g/l vs. 21.6g/l, p<0.001) were observed to be
independent risk factors for adverse outcomes. No
association between mortality and systemic antineo-
plastic therapy was found (p> 0.05). In 60.6% of the
patients, therapy was postponed due to quarantine
requirements or hospital admission.
Conclusion Mortality of Austrian cancer patients in-
fected with SARS-CoV-2 is comparable to that of other
countries. Furthermore, risk factors associated with
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higher mortality were evident and similar to the gen-
eral population. Treatment delays were frequently ob-
served.

Keywords Cancer treatment · Covid-19 · SARS-CoV-2
infection · Risk factors · Pandemic

Introduction

Over the past 2 years, the severe acute respiratory syn-
drome coronavirus type 2 (SARS-CoV-2) pandemic
has evolved into the biggest health concern across
the globe [1]. The SARS-CoV-2 virus is transmit-
ted through highly contagious respiratory droplets,
causing coronavirus disease 2019 (COVID-19) [2, 3].
First reports on mortality were published soon af-
ter the first outbreaks and varied between countries
and study populations [4]. Risk factors identified
as being associated with increased mortality include
age, increased body mass index (BMI), male sex and
other comorbidities, such as heart and kidney failure
[5–7]. Also, increased systemic inflammation mark-
ers, e.g. C reactive protein (CRP), interleukin 6 and
procalcitonin, were linked to poor outcome [5, 8].
Furthermore, recent data indicate that cancer pa-
tients are prone to severe COVID-19 courses leading
to increased mortality rates in this vulnerable patient
population [6, 7, 9]. In particular, patients with hema-
tologic malignancies were found to be at higher risk
for adverse outcomes [6, 10, 11]. In contrast to other
countries, regular oncologic and hematologic treat-
ment was continued under strict safety precautions in
Austria. Our group has previously shown that SARS-
CoV-2 infection rates were similar in cancer patients
treated at our center compared to the overall popula-
tion during the first and the second waves of COVID-
19 [12, 13]; however, nationwide data on outcome
of Austrian cancer patients with SARS-CoV-2 are still
lacking.

Therefore, we report results on mortality of can-
cer patients suffering from COVID-19 included in our
Austrian multicenter registry and explore risk factors
associated with poor clinical outcome in this vulner-
able patient cohort.

Methods

The current study was conducted in accordance with
the Declaration of Helsinki and was approved by the
Ethics Committee of the Medical University of Vienna
(IRB number: 1299/2020).

Patients

The COVID-19 Registry for cancer patients in Aus-
tria was conducted as a nationwide, multicenter co-
hort study for patients with active or previous ma-
lignant disease, who tested positive for SARS-CoV-2
between 13 March 2020 and 06 April 2021. All pa-

tients provided informed consent prior to inclusion in
the study. The diagnosis of COVID-19 was based on
SARS-CoV-2 real-time polymerase chain reaction (RT-
PCR) of nasopharyngeal swabs. Data cut-off was on
30 April 2021. Study data were collected and managed
using REDCap electronic data capture tools hosted
at the Medical University of Vienna [14]. Collected
data included: age, sex, body mass index (BMI), type
and status of malignancy, last antineoplastic therapy
and treatment delay because of SARS-CoV-2 infec-
tion, course of COVID-19 infection, complications and
need for respiratory assistance as well as outcome
30 days after diagnosis.

Patient characteristics

A total of 230 patients from 6 Austrian institutions
were included in the analysis. The diagnosis of
COVID-19 was performed by RT-PCR of nasopha-
ryngeal swabs in all patients. The median follow-
up after COVID-19 diagnosis was 31 days. Patient
characteristics are shown in Table 1.

Median age was 66 years (range 21–91 years), 127
(55.2%) male and 103 (44.8%) female patients were
included, 75 (32.6%) patients were diagnosed with
hematologic malignancies and 155 (67.4%) patients
were diagnosed with solid tumors of whom 90 (58%)
had metastatic disease at COVID-19 diagnosis. Gas-
trointestinal cancer (49 patients, 31.6%), followed by
lung cancer (23 patients, 14.8%), and breast cancer
(21 patients, 13.5%) were the most common can-
cer types. Chronic lymphocytic leukemia (CLL, 13,
14.9%), multiple myeloma (11, 12.6%), and diffuse
large B-cell lymphoma (DLBCL, 10, 11.5%) were the
most common hematologic malignancies. A SARS-

Table 1 Patients’ characteristics
Characteristic Entire population

(n= 230)

n %

Gender

Male 127 55.2

Female 103 44.8

Age median, years (range) 66 (21–91)

Oncologic diagnosis 155 67.4

Metastasized 90 58

Not metastasized 65 41.9

Hematologic diagnosis 75 32.6

BMI median (range) 25.3 (13–46.5)

Active systemic therapy, 1 month prior 103 44.7

Last systemic therapy

Chemotherapy 123 53.5

Targeted therapy 64 27.8

Immunotherapy 22 9.6

None 21 9.1

ECOG median (range) 1 (0–4)

Charlson comorbidity index median (range) 4 (0–11)
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CoV-2 infection was diagnosed at amedian 20 months
(range 0–297 months) after the diagnosis of the ma-
lignant disease and 103 (44.7%) patients were under-
going active systemic anticancer treatment within the
month prior to COVID-19 diagnosis.

Statistical analysis

Statistical analysis was performed using the SPSS V.27
software package (SPSS, Armonk, New York, USA).
Continuous variables were presented as median and
range. Categorical variables were summarized us-
ing percentages and counts. Cross-tabulation and
χ2 analysis was performed to identify differences be-
tween two dichotomous variables. Student’s t-test
was used to analyze mean differences. A two-sided p-
value of< 0.05 was considered significant. Due to the
exploratory and hypothesis-generating design of the
study, no adjustment for multiple testing was applied
[15].

Results

Clinical course of SARS-CoV-2 infections

In total, 25.7% of patients were admitted to the hospi-
tal due to COVID-19, of which 9.1% needed intensive
care treatment and 60.9% (140/230) of patients ex-
perienced symptoms associated with COVID-19. The
most common symptoms were cough (50%), fever
above 38°C (49.3%), and shortness of breath (40%),
followed by rhinitis (15%), nausea and diarrhea (10.7%
each). The frequency of COVID-19 associated symp-
toms varied between patients with and without hospi-
tal admission. Outpatients and hospitalized patients
presented with fever above 38°C (27.5% vs. 37.9%),
cough (32.7% vs. 27.8%), rhinitis (10.5% vs. 5.2%),
shortness of breath (14.4% vs. 43.1%) nausea (3.9%
vs. 12.1%) and diarrhea (5.2% vs. 7.8%), respectively.

Patients in need of intensive care experienced
symptoms associated with COVID-19 more frequently
compared to patients treated on normal wards. Pa-
tients treated at the normal care unit and the in-
tensive care unit experienced fever above 38°C (27%
vs. 57.1%), cough (18.9% vs. 42.9%), rhinitis (0% vs.
14.3%), shortness of breath (32.4% vs. 61.9%), nau-
sea (13.5% vs. 9.5%), and diarrhea (10.8% vs. 9.5%),
respectively. Of the patients 12% received additional
oxygen and 7.8% were in need of mechanical ven-
tilation, 6.1% of the outpatients received additional
oxygen at some point during their follow-up period,
whereas 40% of patients at the normal ward required
oxygen therapy. At the intensive care unit 14.3% of
patients needed additional oxygen and 85.7% needed
invasive ventilation.

Computed tomography (CT) or X-ray was per-
formed in 111 (48.3%) patients, of whom 71.7%
presented with pulmonary infiltrates. Pulmonary
infiltrates were found in 63.5% of outpatients, 66.7%

of normal care patients and 80% of intensive care
patients.

Treatment delays due to SARS-CoV-2 infection

In 60.6% of the patients, treatment was postponed due
to quarantine requirements or hospital admission and
39 (50.6%) of these patients were undergoing a cura-
tive treatment attempt as the disease was localized.

Prognostic factors for SARS-CoV-2 related mortality

At the median follow-up of 31 days, 18.3% of pa-
tients had died. In 38 (16.5%) patients, death was
attributable to COVID-19, while the underlying malig-
nant disease was the cause in the remaining patients,
57% of the deceased patients were male. Compared
to survivors, patients who died were older (62.4 vs.
71.4 years, p< 0.001) and had a higher ECOG perfor-
mance status (0.7 vs. 2.43, p< 0.001, Fig. 1a,b). Fur-
thermore, higher neutrophil rates (64.9% vs. 73.8%),
lower lymphocyte counts (21.4% vs. 14%), and lower
albumin levels (32.5g/l vs. 21.6g/l) at COVID-19 di-
agnosis were observed in patients who died due to
COVID-19 (Fig. 1c–e). Furthermore, we found an
association between mortality and albumin levels
(p< 0.001), neutrophile counts (p=0.03) and lym-
phocyte counts (p=0.006). The aforementioned risk
factors proved to be independent variables predicting
death when applying Wilsk-Lamdamultivariate analy-
sis (p<0.016). In contrast, no link of adverse outcome
with type of therapy, extent of disease (metastatic vs.
localized), type of malignancy (hematologic vs. solid
tumors), sex, comorbidities (Charlson comorbidity
index), BMI or other laboratory parameters, such as
CRP, were found.

Discussion

In the current nationwide multicenter study, we
explored risk factors for mortality and severity of
COVID-19 in Austrian cancer patients. The observed
mortality rate of 16% was higher than in the overall
population in Austria [16]. Even though some publi-
cations reported considerably higher mortality rates,
especially in patients with hematologic malignancies,
large scale meta-analyses including hematologic and
oncologic patients reported similar mortality rates [6,
11, 17]. Our data therefore highlight the importance
of safety measurements during a pandemic to pro-
tect the particularly vulnerable population of cancer
patients [12].

In the present cohort, we identified age, ECOG
performance status, albumin levels, neutrophil and
lymphocyte counts as prognostic markers for higher
mortality. Indeed, previous publications also iden-
tified these factors as prognostic variables in non-
cancer cohorts [18, 19]. Furthermore, previous publi-
cations from different single center analyses also pos-
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tulated that these clinical and inflammatory param-
eters correlate with survival rates in cancer patients
with COVID-19 [7, 10]. Therefore, data from our na-
tionwide registry strengthens the prognostic impact of
the clinical and inflammatory parameters mentioned
above. Thus, we believe that the combination of clin-
ical and inflammatory prognostic markers should be
included in the assessment of cancer patients with
COVID-19. In contrast, some formerly postulated risk
factors, such as male sex or CRP levels associated
with impaired prognosis were not associated with
increased mortality in the present cohort [7, 10, 20].
Interestingly, recent administration of systemic anti-
cancer treatment (particularly cytotoxic chemother-
apy), was not linked to an increased mortality rate,
even though they are frequently associated with im-
munosuppressive side effects that could potentially
result in a more severe clinical course of a SARS-CoV-2
infection. Indeed, conflicting data on the prognostic
impact of recent systemic, anti-cancer therapies on
the clinical course of SARS-CoV-2 infection exist [7,
9–11, 21, 22]. Nevertheless, data from large cohorts
indicate that recent therapy with immune checkpoint
inhibitors or cytotoxic chemotherapy does not impact
the outcome of a SARS-CoV-2 infection [7, 11, 22].
Taken together, this suggests that anti-tumor thera-
pies should not be paused due to the on-going SARS-
CoV-2 pandemic but safety measurements and tight
evaluation thereof should be implemented [12].

Treatment delays due to the SARS-CoV-2 infection
were observed in more than half of the included pa-
tients. In line with the safety measurements recom-
mended, patients with an acute symptomatic infec-
tion with SARS-CoV-2 were not treated until symp-
toms resolved and they yielded a negative RT-PCR
based test result. Half of the patients with treatment
delays due to SARS-CoV-2 infection were treated in
a curative setting. We speculate that these observa-
tions may lead to increased secondary morbidity as
treatment delays could potentially limit treatment effi-
cacy. This issue was addressed by several international
societies, triaging between the need of treatment and
the risk of infection [23, 24]. Whether the delay in cu-
rative treatment will result in higher recurrence rates,
needs to be investigated in the upcoming years.

Our study has several limitations. Firstly, the cohort
presented here is considerably smaller compared to
previously published cohorts of cancer patients with
COVID-19; however, our patients do provide a repre-
sentation of the Austrian cancer patient population as
six large andmiddle-sized tertiary cancer centers from
three different cities and three different regions par-
ticipated in the registry. Secondly, the cohort analyzed
is very heterogeneous, which must be considered in
the interpretation of the present data. Our cohort in-
cludes inpatients and outpatients as well as patients
with active or previous malignant disease with large
diversity concerning antineoplastic treatment. Also,
patients with a vast variety of malignant diseases were

included with considerably fewer patients with hema-
tologic malignancies than with solid tumors; however,
all patients were seen at the participating centers al-
lowing an overview of oncologic and hematologic pa-
tients throughout Austria. Lastly, and compared to
other studies, fewer immunologic markers were in-
cluded in our laboratory analyses, as they were not
available for all patients across the participating cen-
ters.

In conclusion, our nationwide survey demon-
strated a SARS-CoV-2 related mortality among hema-
tologic and oncologic patients that was comparable
to larger, international cohorts of cancer patients.
Most importantly, a considerable number of patients
treated with curative attempt experienced treatment
delays due to quarantine requirements or the need for
hospital admission due to COVID-19 related symp-
toms, which, in some cases were life-threatening and
required intensive care management. The impact of
these treatment delays on disease control needs to be
investigated in future studies.
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