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abstract

PURPOSE To analyze the prevalence of SARS-CoV-2 infection in patients with cancer in hospital care after
implementation of institutional and governmental safety measurements.
METHODS Patients with cancer routinely tested for SARS-CoV-2 RNA by nasal swab and real-time polymerase
chain reaction between March 21 and May 4, 2020, were included. The results of this cancer cohort were
statistically compared with the SARS-CoV-2 prevalence in the Austrian population as determined by a representative nationwide random sample study (control cohort 1) and a cohort of patients without cancer presenting
to our hospital (control cohort 2).
RESULTS A total of 1,688 SARS-CoV-2 tests in 1,016 consecutive patients with cancer were performed. A total of
270 of 1,016 (26.6%) of the patients were undergoing active anticancer treatment in a neoadjuvant/adjuvant
and 560 of 1,016 (55.1%) in a palliative setting. A total of 53 of 1,016 (5.2%) patients self-reported symptoms
potentially associated with COVID-19. In 4 of 1,016 (0.4%) patients, SARS-CoV-2 was detected. At the time of
testing at our department, all four SARS-CoV-2–positive patients were asymptomatic, and two of them had
recovered from symptomatic COVID-19. Viral clearance was achieved in three of the four patients 14-56 days
after testing positive. The estimated odds ratio of SARS-CoV-2 prevalence between the cancer cohort and control
cohort 1 was 1.013 (95% CI, 0.209 to 4.272; P 5 1), and between control cohort 2 and the cancer cohort it was
18.333 (95% CI, 6.056 to 74.157).
CONCLUSION Our data indicate that continuation of active anticancer therapy and follow-up visits in a large
tertiary care hospital are feasible and safe after implementation of strict population-wide and institutional safety
measures during the current COVID-19 pandemic. Routine SARS-CoV-2 testing of patients with cancer seems
advisable to detect asymptomatic virus carriers and avoid uncontrolled viral spread.
J Clin Oncol 38. © 2020 by American Society of Clinical Oncology
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In December 2019, the enveloped RNA betacoronavirus
termed severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) associated with a respiratory illness
referred to as COVID-19 was identiﬁed.1,2 SARS-CoV-2 is
a highly contagious virus transmitted human to human
via droplets because of its high concentration in ﬂuids of
the respiratory tract.3 On March 11, 2020, the WHO
made the assessment that the situation can be characterized as pandemic.4 The estimated mortality rates
vary between countries and range between , 3% in the
overall population to 10% in elderly patients and 40% in
critically ill patients.5-9 In line with international data,
COVID-19 mortality is highest in elderly people in the
Austrian population, as the majority of fatalities occurred
in patients age $ 60 years.10
To prevent uncontrolled viral spread, strict measures,
including hygienic practices, protective gear usage,

and social distancing, have been recommended and
have been implemented to varying extents by national
and local public health authorities. In Austria, a series
of measures (Appendix Table A1, online only) have
been implemented by the government since March
16, 2020 that successfully led to a signiﬁcant decrease
in the daily infection rate.11
Patients with an active diagnosis of cancer are prone to
a variety of infections for multiple reasons, ranging
from a potentially compromised immune system due
to the disease itself, tumor cachexia, and malnutrition,
to immunosuppression as a main adverse effect of
most cancer treatments, such as chemotherapy,
molecular targeted agents, and immunotherapy. In
addition, patients undergoing active anticancer therapy are exposed to unavoidable social contacts with
fellow citizens during transit as well as with hospital
staff and other patients during regular therapy and
follow-up visits at the hospital. These factors give

1

Downloaded from ascopubs.org by Vastra Gotalands Regionen, Dr. Thomas Bauernhofer on August 20, 2020 from 145.244.190.010
Copyright © 2020 American Society of Clinical Oncology. All rights reserved.

Berghoff et al

CONTEXT
Key Objective
To determine the prevalence of SARS-CoV-2 in patients with cancer treated at a tertiary care hospital in relation to the
general population and to patients without cancer after implementation of speciﬁc safety measures in Vienna, Austria.
Knowledge Generated
SARS-CoV-2 prevalence in patients with cancer was similar to the general population and lower than in patients without
cancer. Asymptomatic viral carriers were detected in 0.4% of patients with cancer.
Relevance
Our ﬁndings show that implementation of strict safety policies including routine SARS-CoV-2 testing of patients with cancer
in cancer centers is advisable to prevent uncontrolled viral spread.

reason for concern about an increased risk for SARS-CoV-2
infection and COVID-19 in patients with cancer, particularly
those undergoing active antineoplastic therapy. Indeed,
some data indicate an increased risk for SARS-CoV-2 infection and a severe disease course for patients with
cancer.10,12,13 On the other hand, avoidance of health care
facilities could increase cancer-related deaths, as patients
with symptoms wait longer to seek medical advice.14
Here, we report the SARS-CoV-2 prevalence in a large
cohort of consecutive patients treated in a large tertiary care
hospital after implementation of institutional safety measures and in relation to population-based data.
METHODS
This study was approved by the ethics committee of the
Medical University of Vienna (vote number 1437 of 2020).
Cancer Cohort
Clinical and treatment data of all patients routinely tested for
SARS-CoV-2 between March 21 and May 4, 2020, were
used. Appendix Table A2 (online only) lists the safety
measures implemented at our institution.
From March 21, 2020, nasal or pharyngeal respiratory
swabs were routinely taken of each patient presenting at
our department, unless a negative SARS-CoV-2 test result
within the past 2 weeks was available. In case of symptoms
and before medical interventions, the SARS-CoV-2 test was
repeated in a shorter interval.
Control Cohorts
We compiled the following two control groups to compare
the SARS-CoV-2 prevalence in our patients with cancer
with the general population (control cohort 1) and whether
the exposure to the hospital setting increases the risk for
SARS-CoV-2 infection (control cohort 2).
Control cohort 1. A random sample study launched by
the Austrian Ministry of Science with the goal to determine the prevalence of SARS-CoV-2 among nonhospitalized people in the period April 1-6, 2020 (ie,

after implementation of population safety measures)
was used.15 To our knowledge, this study was the ﬁrst
countrywide representative study in continental Europe
and the ﬁrst to be based on nationwide SARS-CoV-2
RNA testing. The study design and implementation were
informed by the WHO’s “Population-based age-stratiﬁed
seroepidemiological investigation protocol for COVID-19 virus infection.”16 From all Austrian municipalities, 249 were
randomly selected, stratiﬁed in advance according to federal
state and municipal size. Two methods were used to contact
households for participation: (1) Households in the target
municipalities were randomly selected from public telephone
directories. (2) In addition, households were contacted by
telephone using random-digit dialing. Self-selection into the
study sample was not allowed. The person with the next
birthday was asked to participate. Standard survey research
strategies were applied to avoid unit nonresponse. SARSCoV-2 testing was performed by household visits by study
teams or in drive-in centers.
Control cohort 1 consisted of 1,544 nonhospitalized people,
out of whom six were classiﬁed as SARS-CoV-2–positive
cases, three by self-declaration of positive test and three out
of 1,544 by testing. None of the persons included in control
group 1 reported a diagnosis of cancer.
Control cohort 2. To evaluate the infection prevalence in
our hospital setting, we analyzed all patients without cancer
who consecutively presented at the entrance of the Medical
University of Vienna, were tested for SARS-CoV-2 infection,
and were not hospitalized at the Medical University of
Vienna due to safety reasons, nonurgent medical procedures, or per treating physician recommendation between March 21 and May 4, 2020.
SARS-CoV-2 Testing
Testing for the presence of SARS-CoV-2 RNA in respiratory
specimens (nasal or pharyngeal swabs) was performed at
the Department of Laboratory Medicine, Medical University
of Vienna, Vienna, Austria by real-time polymerase chain
reaction (RT-PCR; Appendix, online only). Comparability of
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the results of all test methods used were conﬁrmed by
participation in international quality control ring trials.17
Statistical Analyses
We report Agresti-Coull18 95% CIs for the SARS-CoV-2
prevalence in the cancer cohort and both control cohorts
and compare them using the estimated odds ratio and
Fisher’s exact test. A two-sided P value of .05 was deﬁned
as signiﬁcance threshold. We compare proportions of age
groups using the estimator of relative effects presented by
Brunner et al.19

TABLE 1. Patient Characteristics for Patients With Cancer (n 5 1,016)
Characteristic

Measure

Sex
Male
Female
Age, years

448 (44.1)
568 (55.9)
63.00 (18-93)

Karnofsky performance score
$ 70

994 (97.8)

, 70

22 (2.2)

Active anticancer treatment

RESULTS

Adjuvant

270 (36.6)

Speciﬁc measurements to prevent the spread of SARSCoV-2 in Austria were implemented starting on March 16 by
the Austrian government. To prevent the transmission of
SARS-CoV-2 within the Medical University of Vienna,
measurements were already established on March 5 by
restricting work-related travel, followed by access restriction
from March 10. All patients treated at the Division of Oncology were tested for SARS-CoV-2 RNA from March 21
(Appendix Fig A1, online only).

Palliative

560 (55.1)

None (follow-up)

176 (17.3)

Cancer Cohort
Within the observation period between March 21 and May
4, 2020, a total of 1,688 SARS-CoV-2 tests of 1,016 patients in the cancer cohort were performed. Patient characteristics are listed in Table 1. The most common
diagnoses were breast cancer (187 of 1,016; 18.4%), lung
cancer (175 of 1,016; 17.2%), colorectal cancer (96 of
1,016; 9.4%), head and neck cancer (78 of 1,016; 7.7%),
sarcoma (74 of 1,016; 7.3%), glioma (69 of 1,016; 6.8%),
and pancreatic cancer (65 of 1,016; 6.4%; Figs 1A
and 1B).
At the time of SARS-CoV-2 testing, 270 of 1,016 (26.6%) of
the patients were undergoing active anticancer treatment in
a neoadjuvant/adjuvant and 560 of 1,016 (55.1%) in
a palliative setting. A total of 904 of 1,016 (88.0%) patients
were treated in the outpatient department, and 112 of
1,016 (11.0%) received anticancer treatment during
hospitalization in the ward of our department.
A total of 373 of 1,016 (36.7%) patients presented with
relevant comorbidities. The median number of recorded
comorbidities was zero, with a range from zero to ﬁve. The
most common comorbidity was hypertension in 295 of
1,016 (29.0%) patients, followed by diabetes mellitus in
102 of 1,016 (10.0%; Fig 1C).
A total of 53 of 1,016 (5.2%) patients self-reported
symptoms potentially associated with COVID-19 in a standardized questionnaire. The most frequent symptoms were
malaise in 16 of 1,016 (1.6%) and diarrhea/vomiting in 16
of 1,016 (1.6%) patients, followed by dyspnea/shortness of
breath in 15 of 1,016 (1.5%; Fig 1D). Two of 1,016 (0.2%)
patients indicated recently visiting a COVID-19 highrisk area.

Type of treatment
No systemic treatment

185 (18.2)

Chemotherapy

340 (33.5)

Targeted therapy

231 (22.7)

Immunotherapy

114 (11.2)

Chemotherapy/targeted therapy

103 (10.1)

Immunotherapy/chemotherapy

35 (3.4)

Immunotherapy/targeted therapy
Time since cancer diagnosis, months

8 (0.8)
19 (0-387)

NOTE. Data presented as No. (%) or median (range).

The median time interval from diagnosis of cancer to ﬁrst
SARS-CoV-2 test was 19 months (range, 0-387 months;
Fig 2A). The number of SARS-CoV-2 tests per patient
ranged from one to ﬁve (median, one) with time intervals
between the tests ranging from 1-33 (median, 14) days in
individual patients (Fig 2B). A total of 469 of 1,016 (46.1%)
patients had $ 2 tests.
SARS-CoV-2 was detected in 4 of 1,016 (0.4%) patients of
the entire cancer cohort and in ﬁve of 1,688 (0.3%) performed SARS-CoV-2 tests (Figs 2C and 2D). At the time of
testing at our department, all four SARS-CoV-2–positive
patients were asymptomatic. Two of them had recovered
from symptomatic COVID-19. Three of the four patients
presented with a negative SARS-CoV-2 test 14-56 days
after testing positive. One patient was followed by regular
SARS-CoV-2 and has not achieved viral clearance
. 28 days after initial positive test at the time of this report.
All patients had planned visits to health care facilities that
were prevented because of the positive SARS-CoV-2 tests
(Table 2). Two of four (50.0%) of the patients who tested
positive were under active anticancer treatment. One patient with metastatic stomach cancer was treated with
the combination of anti–PD-1 and anti–LAG-3 monoclonal
antibodies. The last restaging had been performed one
month before the SARS-CoV-2 infection and showed a
partial response. The 11th cycle was delayed for 35 days
because of the SARS-CoV-2 infection. The other patient
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was treated with poziotinib as an individualized treatment of
head and neck cancer. The last restaging performed
2 months before the SARS-CoV-2 infection had shown
progressive disease, and consequently, poziotinib treatment was initiated. Poziotinib treatment was paused because of SARS-CoV-2 infection, and the patient died as
a result of progressive disease 56 days after COVID-19

infection. In another patient not under active treatment at
the time of the positive SARS-CoV-2 test, the initiation of
trabectedin for progressive metastatic sarcoma was
delayed for 14 days. Table 2 lists the progression-free
survival before and after COVID-19 infection as well as
the overall survival since diagnosis of cancer of the four
patients.
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FIG 1. Characteristics of
the cancer cohort. (A)
Age distribution. (B) Type
of primary tumor. (C)
Distribution of comorbidities. (D) Prevalence of
patient-reported COVID19–suspicious symptoms.
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Control Cohort 1
The control cohort is not a perfect demographic match to
the cancer cohort, as patients with cancer tend to be slightly
older, with an estimated nonparametric relative effect for
age of 0.590 (Fig 3A). That is, with probability 0.590,
a randomly selected person from the cancer cohort would

Total = 1,016 patients

be older than a randomly selected person from the control
cohort (P , .0001).19 In particular, the cancer cohort has
a higher proportion of people in the age group 60-79 years,
approximately the same proportion in the age group 40-59
years, and smaller proportions in all other 20-year age
groups (median, 63 years). When only considering the

TABLE 2. Characteristics of 4 SARS-CoV-2–Positive Tested Patients With Cancer

Active
Anticancer
Treatment

Viral
Clearance
(days)

No. of
Prevented
Visits to
Health Care
Facilities

Yes:
Anti–PD1/LAG-3

35

2

None

Stomach
cancer

63

None

35 days

12.0

8.6

2.1

No

14

1

None

Sarcoma

43

None

14 days

47.1

10.0

2.3

Yes:
poziotinib

56

1

Fever, cough Head and
neck
cancer

63

None

Termination of
systemic
treatment

40.3

3.4

1.9

. 28

1

Fever, cough Head and
neck
cancer

61

None

None

37.9

8.3

1.0

No

COVID19–Related
Symptoms

Cancer
Entity

Age
(years) Comorbidities

Treatment
Delay due to
COVID-19
Infection

PFS Under the
OS From
Current
Diagnosis of
Treatment
PFS After
Cancer
Before COVID- COVID-19
(months)
19 (months)
(months)

Abbreviations: OS, overall survival; PFS, progression-free survival.
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FIG 3. (A) Age distribution cancer cohort versus control cohort 1 and 2. (B) Portion tested positive and corresponding CIs, cancer cohort versus control
cohort 1 and control cohort 2.

exact same time interval in which the control cohort study
was investigated (April 1-6, 2020), the sample size in the
cancer cohort reduces to 234 patients, and the estimated
nonparametric relative effect for age is 0.574.15
The Agresti-Coull 95% CI for the control population prevalence based on six cases among 1,544 (0.4%) tested
extends from 0.2% to 0.9%.18 In the cancer population,
four of 1,016 (0.4%) tested positively (95% CI, 0.1% to
1.0%; Fig 3B). Comparing both proportions, the estimated
odds ratio is 1.013 (95% CI, 0.209 to 4.272); Fisher’s exact
test yields P 5 1. We further compared the patients from
the cancer cohort screen between March 31 and April 8,
2020, with the control population to address potential
changes in the incidence in the observation period. Note
that the control study had most tests on the weekend,
whereas the cancer cohort had very few tests on the
weekend, so it is reasonable to extend the cohort to 4
working days before and 3 working days after the weekend.
In these 9-day periods, one of 459 patients with cancer
tested positively (ie, 0.2%; 95% CI, 0.0% to 1.4%). Comparing both proportions within these 9-day periods, the
estimated odds ratio is 0.560 (95% CI, 0.012 to 4.622), and
Fisher’s exact test yields P 5 1.
All of these comparisons give no indication that SARS-CoV2 prevalence differs between patients with cancer and the
remaining population. As a sensitivity analysis, a comparison was also done including only those patients with cancer
who were tested during the exact same week as the control
cohort, yielding qualitatively the same results.
Control Cohort 2
A total of 296 SARS-CoV-2 tests in 296 patients of control
cohort 2 were performed. Twenty of 296 (6.7%) patients
presented with a positive SARS-CoV-2 test. Patient characteristics are shown in Appendix Table A3 (online only).

Control cohort 2 is not a perfect demographic match to the
cancer cohort, as the patients with cancer are signiﬁcantly
older (P , .0001).
The Agresti-Coull 95% CI for the control cohort 2 prevalence based on 20 cases among 296 tested extends from
4.4% to 10.3% (Fig 3B).18 Comparing control cohort 2 to
the cancer cohort, the estimated odds ratio is 18.333
(95% CI, 6.215 to 54.081). That is, the odds to be infected
with SARS-CoV-2 in the control cohort 2 are approximately
18 times higher than in the cancer cohort. Fisher’s exact
test yielded highly signiﬁcant difference (P , .0001).
Comparing control cohort 2 to control cohort 1, the estimated odds ratio is 18.575 (95% CI, 7.096 to 56.873).
Fisher’s exact test yielded highly signiﬁcant difference
(P , .0001). These comparisons show that prevalence in
control cohort 2 is signiﬁcantly higher than in both the
cancer cohort and control cohort 1.
DISCUSSION
Our data show a low rate of detectable SARS-CoV-2 infections in a large cohort of consecutive patients with
cancer and that this infection rate was comparable to that of
the general Austrian population and lower than that of
patients without cancer presenting at our hospital after
implementation of institutional and population safety measures. We report that continued care and therapy for patients with cancer proved to be feasible and safe in the
population of a European capital affected by the COVID-19
pandemic. At the same time, our ﬁndings highlight the
need for implementation of strict policies to ensure safety of
health care professionals and patients at a clinical service
unit with a high patient turnover.
A previous study reported demographic, clinical, and
treatment data of 1,524 patients with cancer who were
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admitted to a department of radiation and medical oncology
at a tertiary care hospital in Wuhan, China between December 30, 2019, and February 17, 2020.5 In 12 of 1,524
patients (0.79%), COVID-19 pneumonia was diagnosed.
The cumulative incidence of all diagnosed COVID-19 cases
reported in the city of Wuhan over the same time period was
lower (0.37%), leading the authors to conclude that patients with cancer harbor a higher infection risk than the
general community. The design of the study by Yu et al5 is
limited as the study cohort was not clearly free from selection bias and balanced for non–cancer-related comorbidities.20 In any case, the study by Yu et al5 differs
signiﬁcantly from our present report. Yu et al5 analyzed the
number of patients diagnosed with manifest COVID-19
pneumonia according to speciﬁc diagnostic criteria, whereas
we analyzed the number of patients with SARS-CoV-2
RNA detectability in routinely taken nasopharyngeal swabs.
Furthermore, fewer than half of the infected cases in the
report by Yu et al5 and 81.6% of our patients were undergoing active anticancer therapy. Most of our patients
(88%) were managed in an outpatient setting, whereas
the study by Yu et al5 included only hospitalized patients.
Approximately one-third of our patients were treated with
neoadjuvant or adjuvant intent, and most patients in palliative therapy were in early lines of treatment. To the best of
our knowledge, our report provides, for the ﬁrst time,
systematic information on SARS-CoV-2 prevalence in patients undergoing active anticancer therapy.
In none of the four patients who were SARS-CoV-2 positive
was any suspicion of SARS-CoV-2 infection raised on the
day of testing by either patient-reported symptom assessment or clinical evaluation by the responsible physician.
This indicates that the high variability of the clinical presentation and course of SARS-CoV-2 infections with an
unknown prevalence of asymptomatic carriers renders
clinical assessment of virus spreaders unreliable.21 Our
strategy of routine SARS-CoV-2 testing of all patients presenting to our department allows us to quickly isolate
contact persons of positive patients and thus to prevent
uncontrolled viral spread to hospital staff and other
patients.22
Persistent viral RNA positivity in patients recovering from
SARS-CoV-2/COVID-19 has repeatedly been reported.23
Because it remains unknown whether in such cases viral
transmission can still occur, we advocate home quarantine
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and postponement of anticancer therapy until viral clearance has been achieved, if possible. Additional studies will
need to clarify whether resolution of anticancer therapy in
patients with persistent shedding of SARS-CoV-2 RNA is
safe and feasible and whether delays of anticancer treatment because of SARS-CoV-2 infection is associated with
insufﬁcient tumor control.
As a limitation of our study, we cannot exclude that falsenegative results of the screening method applied in our
patient cohort resulted in undetected infections, although
RT-PCR is the currently recommended standard test
method.24,25 Therefore, additional safety measures, such
as hygienic measures, wearing of protective masks, and
separation of health care professionals in cohorts, need to
be subsequently executed even in patients with negative
test results. Serological antibody tests were not performed
in our study and need to be done in future studies to gain
a better understanding of the SARS-CoV-2 immunity status
in patients with cancer. Another limitation of our study is the
retrospective study design. However, the large sample size,
the use of two control cohorts (one of them compiled as
prospective population-based random sample) tested in
the same time frame as the cancer cohort, and the conﬁrmation of viral infection by RT-PCR in all 2,856 patients
are strengths of our study that provide systematic evidence
for our conclusion.
Currently, SARS-CoV-2 infection rates are decreasing in
many countries in Europe and elsewhere, whereas other
countries are still reporting increasing case numbers.
Community-based safety measures are beginning to be
lifted in some areas, leading to concerns about a potential
surge (second wave) of SARS-CoV-2 infections in the
coming weeks and months. COVID-19 experience (infection, death, and recovery rates and pattern) differs
among countries because of various factors. However, we
believe that our ﬁndings are of general relevance, as the
need for continued treatment of patients with cancer, their
particular vulnerability to infectious complications, and the
typical high patient turnover are of concern for cancer
centers worldwide in the current COVID-19 pandemic.
Routine SARS-CoV-2 testing of patients with cancer as
a part of safety policies seems advisable to detect asymptomatic virus carriers and avoid uncontrolled viral spread in
the vulnerable population of patients with cancer and to
ensure the safe continuance of oncology services.
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APPENDIX

Supplementary Methods
In the cancer cohort and in control cohort 2, one of the following test
systems was used: (1) Automated nucleic acid extraction using the
Altostar Puriﬁcation kit 1.5 on the Altostar AM16 operator and real-time
polymerase chain reaction (RT-PCR) using the RealStar SARS-CoV-2
RT-PCR Kit 1.0 (Altona Diagnostics, Hamburg, Germany); (2) Fully
automated nuclear acid extraction and RT-PCR using the cobas 6800/
8800 SARS-CoV-2 Test on the cobas 6800 platform (Roche Diagnostics, Basel, Switzerland); (3) Automated nucleic acid extraction
using the MagNA Pure LC Total Nucleic Acid Isolation Kit on MagNA
Pure LC 2.0 or Magna Pure compact instruments (Roche Diagnostics)
and RT-PCR using LightMix Modular SARS and Wuhan CoV E-gene

assay (Tib-MolBiol, Berlin, Germany) on the LightCycler 480 (Roche
Diagnostics); (4) Fully automated nucleic acid extraction and RT-PCR
using the NeuMoDx 96 system (NeumoDx, Ann Arbor, MI) with
the LightMix Modular SARS and Wuhan CoV E-gene assay (TibMolBiol). Finally, high urgent swab samples were run on the
Qiastat-Dx instrument using the QIAstat-Dx Respiratory SARSCoV-2 Panel (Qiagen, Hilden, Germany). In control cohort 1, the cobas
6800/8800 SARS-CoV-2 Test on the cobas 6800 platform (Roche
Diagnostics) was used.15 Positive results with a Ct value . 35 were
conﬁrmed by repeated testing of the respective sample. All systems
were validated according to recommendations of the German
Society for Virology.17

Institutional safety measures
Governmental safety measures

Cancer cohort
Control cohort 2
Control
cohort 1

Isolation rooms for suspected COVID-19 cases
Use of telecommunication among staff
Meetings in virtual format
Restricted access for visitors
Consequent implementation of hygienic measures
Restriction of patient visits to hospital to active
therapy and high-priority check-ups,

Shut down of stores except essential business
(grocery stores, pharmacies, etc)
14 days of home quarantine after entry into Austria
without negative SARS-CoV-2 test (Austrian residents)

Transition to home learning for school children
Prohibited entering of public spaces, sport
facilities, and playgrounds

Presentation of medical certificate and negative SARSCoV-2 test on entry into Austria (foreigners)

Contact tracing and consequent isolation of first-level contacts
Low threshold SARS-CoV-2 testing of hospital staff

Use of public transport only with masks

Provision of masks and protective gear (limited by availability)
to hospital staff and patients
Separate access point into hospital for oncological patients with
structured triage by health care professional
Forming of hospital staff cohorts

Entering into supermarkets only with masks

Minimization of hospital staff presence

Restaurants and hospitality industry shut down

Prohibited business travel for hospital staff
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3

MARCH

4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4

APRIL

FIG A1. Timeline illustrating the safety measurements and the screening time of the cancer cohort, control cohort 1, and control cohort 2.
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TABLE A1. Population-Based Safety Measures Implemented by the Austrian Government to Prevent SARS-CoV-2 Infections
Measure

Date of Implementation

Prohibited entering of public spaces

March 16, 2020

Prohibited entering of sport facilities and playgrounds

March 16, 2020

Transition to home learning for school children

March 16, 2020

Shut down of stores except essential business (grocery stores,
pharmacies, etc)

March 16, 2020

Restaurants and hospitality industry shut down

April 3, 2020

Entering into supermarkets only with masks

April 6, 2020

Presentation of medical certiﬁcate and negative SARS-CoV-2 test on entry
into Austria (foreigners)

April 13, 2020

Home quarantine for 14 days after entry into Austria without negative
SARS-CoV-2 test (Austrian residents)

April 13, 2020

Use of public transport only with masks

April 14, 2020

TABLE A2. Institutional Safety Measures Implemented at the General Hospital of Vienna and the Division of Oncology (Medical University of
Vienna, Vienna, Austria) to Prevent SARS-CoV-2 Infections
Measure
Date of Implementation
Prohibited business travel for hospital staff

March 5, 2020

Restriction of patient visits to hospital to active therapy and high-priority
check-ups

March 10, 2020

Consequent implementation of hygienic measures

March 10, 2020

Restricted access for visitors

March 11, 2020

Meetings in virtual format

March 11, 2020

Use of telecommunication among staff

March 11, 2020

Isolation rooms for suspected COVID-19 cases

March 11, 2020

Minimization of hospital staff presence

March 13, 2020

Forming of hospital staff cohorts

March 15, 2020

Separate access point into hospital for oncological patients with
structured triage by health care professional

March 16, 2020

Provision of masks and protective gear (limited by availability) to hospital
staff and patients

March 16, 2020

Low threshold SARS-CoV-2 testing of hospital staff

March 16, 2020

Contact tracing and consequent isolation of ﬁrst-level contacts

March 16, 2020
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TABLE A3. Clinical Characteristic of the Cancer Cohort and Control Cohorts 1 and 2
Cancer Cohort
(n 5 1,016)

Control Cohort 1
(n 5 1,544)

Control Cohort 2
(n 5 296)

Characteristic

No.

No.

No.

Age, years, median (range)

63 (18 to 93)

%

%

40-59 age
group (20 to
.80)

%

37 (17 to 92)

Sex

Cancer Cohort v
Control Cohort 1

Cancer Cohort v
Control Cohort 2

, .001

, .001

.016

, .001

Male

448

44.1

757

49.0

175

59.1

Female

568

55.9

789

51.0

121

4.9

Hypertension

295

29.0

227

16.8

35

11.8

, .001

, .001

Diabetes mellitus

103

10.1

73

5.4

9

3.0

, .001

, .001

58

5.7

45

3.3

5

1.7

.005

.004

Comorbidities

Arteriosclerosis
Renal insufﬁciency

28

2.7

n.a.

n.a.

4

1.4

Autoimmune disease

18

1.8

27

2.0

4

1.4

n.a.
.691

.620

.168

Congestive heart failure

18

1.8

33

2.4

2

.7

.267

.176

Malaise

16

1.6

n.a.

n.a.

143

48.3

Diarrhea/vomiting

16

1.6

54

4.0

22

7.4

.001

Shortness of breath

15

1.5

32

2.4

68

23.0

.124

, .001

9

0.9

31

2.3

69

23.3

.009

, .001

Self-reported potentially
COVID-19–associated symptoms

Fever

n.a.

, .001
, .001

Cough

8

0.8

146

1.8

159

53.7

, .001

, .001

Rhinitis

6

0.6

183

13.5

24

8.1

, .001

, .001

Abbreviation: n.a., not available.
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