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Abstract

Treatment of cancer patients has become challenging when
large parts of hospital services need to be shut down as a
consequence of alocal COVID-19 outbreak that requires rap-
id containment measures, in conjunction with the shifting of
priorities to vital services. Reports providing conceptual
frameworks and first experiences on how to maintain a clin-
ical hematology/oncology service during the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic
are scarce. Here, we report our first 8 weeks of experience
after implementing a procedural plan at a hematology/on-
cology unit with its associated cancer center at a large aca-
demic teaching hospital in Germany. By strictly separating
team workflows and implementing vigorous testing for
SARS-CoV-2 infections for all patients and staff members ir-
respective of clinical symptoms, we were successful in main-
taining a comprehensive hematology/oncology service to
allow for the continuation of treatment for our patients. No-
tably, this was achieved withoutintroducing or further trans-

mitting SARS-CoV-2 infections within the unit and the entire
center. Although challenging, our approach appears safe
and feasible and may help others to set up or optimize their
procedures for cancer treatment or for other exceedingly
vulnerable patient cohorts. ©2021 5. Karger AG, Basel

Introduction

After its first occurrence in Wuhan (Hubei, China) in
December 2019, infections with SARS-CoV-2 rapidly
evolved into a pandemic. As of July 5, 2020, a total of
11,279,465 SARS-CoV-2 cases had been confirmed
worldwide and 531,056 deaths were reported from 188
countries or regions [1]. The SARS-CoV-2-associated
disease, termed corona virus disease 2019 (COVID-19),
not only involves emergency and intensive care medicine.
COVID-19 is a complex inflammatory disorder which, in
addition to affecting the respiratory tract, is associated
with a wide range of conditions including cardiovascular
disease, autoimmune phenomena, coagulopathies, neu-
rological defects, and others [2, 3]. This in turn demands
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the specific expertise of medical specialties across all age
groups.

Patients with active cancer represent an exceedingly
vulnerable cohort as they are usually more advanced in
age and carry relevant comorbidities. Patients with an un-
derlying malignancy were reported to be more prone to
infections, both in terms of frequency and severity [4].
Specifically, the risk for developing severe COVID-19 ap-
pears to be higher in cancer patients [5]. Whether the in-
creased mortality is cancer-specific or is rather related to
the general risk factors more frequently experienced by
cancer patients is not clear yet [6, 7]. Notably, a recent
report indicated that the prognosis of cancer patients
with COVID-19 is not inferior to that of people without
cancer [8].

Recently, it was proposed that specialized cancer cen-
ters should strongly consider developing strategic plans
for the management of their patients [9, 10]. First results
of specific measures covering a 4-week period were re-
ported by the National University Cancer Institute in Sin-
gapore and a Cancer Center in Changsha, China [11, 12].
Recently, the implications of a COVID-19 outbreak in
terms of clinical care at the University of Hamburg Cancer
Center, Germany, were reported in detail [13]. However,
numerous unanswered questions remain. What can be
done to prevent SARS-CoV-2 infections in a cancer pa-
tient? Should all cancer patients and their medical caregiv-
ers be screened in the absence of COVID-19 symptoms,
and, if so, at what frequency? Should a treatment be given
or postponed, and, if so, for whom and for how long?

Here, we report the first 8 weeks of experience after
implementing a specific set of procedures to maintain a
hematology/oncology service at a German academic
medical center during the SARS-CoV-2 pandemic.

Background and Clinical Services

Our center, the Klinikum Ernst von Bergmann (KEvB),
serves as a tertiary care regional hospital. In 2018, the to-
tal number of hospital beds was 1,126, and we treated
40,915 inpatients, 3,261 semi-inpatients, and 83,278 out-
patients. KEvB provides general services and is a refer-
ence center for a wide range of specialized medical pro-
cedures. In addition to the main campus located in the
city of Potsdam, 2 smaller, associated sites are operated in
surrounding counties. There is a close collaboration with
community hospitals in the area. Furthermore, our center
is affiliated to the Charité University Medical Center in
Berlin, as a teaching hospital. Patients admitted are pri-
marily from the Berlin-Potsdam metropolitan area, with
approximately 6 million inhabitants. However, patients
from more remote rural areas are also referred to our in-
stitution.

Hematology/Oncology Service during
SARS-CoV-2 Pandemic

Medical treatment in the department of hematology,
oncology and palliative care (a total capacity of 66 beds
for inpatients) covers the full spectrum of malignant and
nonmalignant diseases, except for allogeneic hematopoi-
etic stem cell transplantation and cellular immunothera-
py. In 2018, we treated 1,942 inpatients and 2,198 semi-
inpatients. The department also provides a day hospital
and an ambulatory care facility which hosts 24 treatment
stations. In 2018, a total of 9,818 patients were registered,
including those receiving follow-up care or seeking med-
ical advice.

Implementation of Specific Procedural Plan

After an inhouse SARS-CoV-2 outbreak with a total of
379 infected individuals (165 patients and 214 medical
caregivers), local authorities mandated a lockdown of all
admissions effective from 1 April 2020. Urgent medical
procedures allowing no delays were maintained in the de-
partments of obstetrics, neonatology and hematology,
oncology, and palliative care. This required the imple-
mentation of a strategic plan to minimize the risk of a
further spread of SARS-CoV-2 infections from patient to
patient as well as from medical caregivers to patients and
vice versa. We therefore developed a procedural plan as
depicted in Figure 1. Central to this approach is a strictly
tripartite team workflow and vigorous testing for SARS-
CoV-2 by oropharyngeal (OP) smears, respectively. The
latter was performed using a rapid nucleic acid-based de-
tection assay (NADA) aiming at a turnaround time rang-
ing from 4 h to a maximum of 24 h. Specifically, 4 differ-
ent PCR-based test platforms were used: VIASURE
SARS-CoV-2 S gene real-time PCR detection kit (CerTest
Biotec, Zaragoza, Spain), BD SARS CoV-2 test kit for BD
MAX (Becton Dickinson, Heidelberg, Germany), Xpert
Xpress SARS-CoV-2-kit (Cepheid GmbH, Krefeld, Ger-
many), and VitaPCR SARS-CoV?2 test assay (Credo Diag-
nostics Biomedical, Singapore). Tests were performed ir-
respective of clinical symptoms of COVID-19, e.g., cough,
coryza, sore throat, and shortness of breath, or systemic
symptoms such as fever, malaise, or myalgia in all patients
scheduled for admission. To this end, a testing facility was
established. During March and April, this facility was lo-
cated on a separate floor on the ground level of the main
building. Patients were able to enter/exit at the street lev-
el via an extra entrance/exit. By the end of April, the test-
ing facility had been moved to a separate building located
on the edge of the hospital campus. The swabs were taken
by members of the hospital staff. The vast majority were
recruited from the nursery teams. All staff members were
trained in taking swabs by the Department of Hygiene
and Microbiology. Taking OP swabs was in accordance
with the local guidelines proposed by the Department of
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Discharge to inpatient
care facility (e.g. nursery

home or hospice)
* negative smear 1 day before
discharge
* written approval for transfer

Quarantine Area
15t smear with admission (day 0)
2nd smear at day 4 after admission
single room isolation

Non-COVID19 Area
Hematology/Oncology

smear at day 2 after admission
then g4 days or in case of Covid19

COVID19 Area

Fully separated wing or

building within the hospital
complex

minimum in between
interval 2 of days
¢ patient in domestic isolation

results pending

symptoms
Unscheduled scl.me_duled and w/o Discharge to domestic
or clinical clinical symptoms environment
* 2 consecutive negative * negative smear 1 day before
symptoms smears within 5 days and a . g 4
<2 negative smears or discharge

* no COVID19 symptoms

Fig. 1. Procedural plan for admission/discharge of inpatients. Admission/discharge and transfer of patients be-
tween the different areas is indicated by arrows. Green arrow, negative SARS-CoV-2 smear; grey arrow, results
of SARS-CoV-2 smear pending; red arrow, positive SARS-CoV-2 smear.

Hygiene and Microbiology and was approved by the local
health authorities. Taking OP swabs rather than nasopha-
ryngeal (NP) swabs was also supported by an external
panel of experts who served as medical consultants.
Notably, patients were advised to stay in domestic iso-
lation after the first smear. A minimum of 2 consecutive
negative SARS-CoV-2 tests within 5 days (a minimum in-
terval between 48 h) was required for admission to the
“Non-COVID Area”, e.g., 1 of the 3 hematology/oncology
units. In all inpatients, stringent testing for SARS-CoV-2
was continued at a fixed schedule, i.e., every 4 days for pa-
tients without clinical signs of COVID-19 or immediately
at the onset of suspicious symptoms or radiographs/com-
puted tomography (CT) scans during hospital stay. Test-
ing at the same frequency was performed in all medical
caregivers, i.e., physicians, nurses, and paramedic staff de-
livering direct patient care as well as physiotherapist and
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psychologists. The same was true for all personnel not in-
volved in patient-centered care (e.g., food service, clean-
ing, and housekeeping) who entered the patients’ rooms.
Further measures included strict single room accommo-
dation and the use of a protective mask whenever close
(<1.5 m) or in direct contact with the patient. In patients
lacking 2 negative consecutive smears, due to an unsched-
uled admission or pending test results, and those with sus-
picious clinical symptoms, direct admission to the “Non-
COVID Area” was prohibited. Instead, depending on the
urgency and the severity of symptoms, patients were ad-
mitted to a “Quarantine Area.” By definition, all patients
in this area were classified as potentially contagious, so full
protective measures (wearing a gown or overall, an FFP2/3
mask, gloves, and full-face shield with eye cover) were ap-
plied at all times. Single room accommodation was man-
datory. Transit to the “Non-COVID Area” was allowed
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only after 2 negative SARS-CoV-2 tests (performed at ad-
mission and at day +4). In addition to the “Non-COVID
Area” and the “Quarantine Area,” a “COVID Area” was
established. This was located in a separate building or
wing of the hospital and also included 2 fully equipped
and operational intensive care units. In the case of a posi-
tive SARS-CoV-2 test, patients were transferred to this
area. Discharge from the hospital also required defined
precautions. Specifically, transfer of patients to nursery
homes or other shared facilities like hospices required ap-
proval by the Department of Hygiene and the local health
authorities, respectively.

The hematology/oncology day clinic and outpatient
care facility were moved to a separate floor of the hospital
equipped with an extra registration counter, triage area,
venipuncture service, consultation rooms, and 24 treat-
ment stations. For all outpatients, a single negative SARS-
CoV-2 smear (maximum 72 h before admission was
scheduled) was required for admission. Physicians and
nurses were not strictly segregated between the inpatient
and the day hospital/outpatient facility teams. However,
all other cross-hospital staff transfer was fully suspended.
The Department of Radiotherapy and its associated am-
bulatory facility is operated by a separate team which
comprises radiation oncologists, radiation therapists,
physicists, nurses, and administrative staff.

Between March 30 and May 25, 2020, a total of 1,557
patients were treated at the hematology/oncology day
hospital and outpatient care facility. Services were re-
stricted to patients under active treatment with intrave-
nous chemo- and/or immunotherapies. For other pa-
tients, i.e., those receiving oral therapeutics or follow-up
visits after completion of therapy, telephone consulta-
tions were established. Patients referred from other cen-
ters or primary care physicians and those seeking second-
ary medical advice were, depending on urgency, either
admitted to the inpatient service, transferred to another
specialized center, or deferred.

Further general procedures at our center included
mandatory wearing of a surgical mask (covering the
mouth and nose) at all times by all hospital staff members.
Patients were also advised to wear a surgical mask when
leaving their rooms. From 14 April onwards, visitors were
generally not permitted. Exceptions were made for the
Departments of Palliative Care, Obstetrics and Neonatol-
ogy (1 visitor/day for a maximum interval of 1 h was al-
lowed). Likewise, individual exceptions were granted for
visitors to critically ill patients. All visitors had to fill out
a self-assessment form. Clinical rounds were reduced to
a minimum of once daily, meetings and conferences were
restricted to 1 specialist per field, and journal clubs as well
as trainee programs for medical students and residents/
fellows were suspended or held as tele-conferences or vid-
eo broadcasts only.

Hematology/Oncology Service during
SARS-CoV-2 Pandemic

During an 8-week interval, a total of 235 patients were
treated as inpatients. Of note, all dose-intensive therapies,
e.g., those for acute leukemias, and high-dose chemother-
apy followed by autologous stem cell transplantation
(HDT/autoSCT), were performed as usual. In keeping
with this strategy, over time, we did not note a substantial
difference in the types of therapy given or withheld. For
outpatients, the telephone visits were increased so as to,
at least in part, compensate for personal visits. Further-
more, there was a decline in the number of patients sched-
uled for laboratory tests or imaging studies from April to
June. At the first round of SARS-CoV-2 testing performed
on 28 March 2020, 2 patients were tested positive. Patient
1 (a 43-year-old female with acute myeloid leukemia re-
ceiving a second course of high-dose cytarabine for con-
solidation and entering the neutropenic phase tested pos-
itive for SARS-CoV-2) was transferred to the “COVID
Area” of the hospital. She did not develop any symptoms
of COVID-19 and was discharged at day 17. Patient 2 (an
83-year-old male with diffuse large B cell lymphoma on
the second course of immunochemotherapy and with se-
vere chronic pulmonary disease, was in the neutropenic
phase when he tested positive for SARS-CoV-2) also had
to be transferred to the “COVID-Area.” He developed a
severe form of COVID-19, and, after rapidly progressive
worsening of his pulmonary symptoms, rejected intuba-
tion and mechanical ventilation. He died from pulmo-
nary failure at day 8 after the positive SARS-CoV-2 test.
Two members of the medical staff also tested positive
during the first test round. Both only had minor symp-
toms of an infection and were sent into domestic quaran-
tine immediately. As only mild signs of COVID-19 de-
veloped thereafter, no specific treatment was necessary.
At all consecutive test rounds (a total number of tests
> 22,000), there were no further positive tests for SARS-
CoV-2 in patients or medical and paramedical staft. Two
outpatients tested positive for SARS-CoV-2 and were
sentinto domestic quarantine. Neither of them was under
active treatment and they were scheduled for regular fol-
low-up visits. No member of staff tested positive between
30 March and 3 July, 2020.

Discussion

Cancer patients require special precautions to prevent
severe infections. Furthermore, deviating from estab-
lished treatments protocols or postponing specific proce-
dures may have deleterious effects on outcome and jeop-
ardize their physical and mental health. In this regard, the
SARS-CoV-2 pandemic and the associated COVID-19
represent an unprecedented medical challenge, prompt-
ing many specialized centers to initiate specific plans and
procedures to tackle this problem [9, 10, 12]. A recently
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published report from the University Cancer Center in
Hamburg (Germany) has enabled a detailed insight into
the procedures at a single institution; it can serve as a tem-
plate for other institutions to develop similar strategies
and interconnect and scientifically analyze the results
[13]. Based on the available data, medical societies have
published recommendations to guide clinicians in their
daily practice [14]. However, so far, reports on the success
of these strategies are scarce.

The primary goal of our approach was to maintain a
hematology/oncology service under the condition of alo-
cal cluster of COVID-19 cases during the SARS-CoV-2
pandemic in Germany. This prompted the temporary
and almost complete lockdown of services at our center.
To this end, and to minimize the potential to introduce
and transmit SARS-CoV-2 infections within our unit, we
developed, implemented, and modified (step-by-step), a
procedural plan which was essentially based on the strict
separation of medical workflows between a “COVID
Area,” a “Non-COVID Area,” and a “Quarantine Area.”
In this regard, our strategy resembles previously reported
experiences from centers in Singapore and China [11, 12].
This strategy has prevented the introduction and trans-
mission of SARS-CoV-2 infections in our units. This is
remarkable in the context of the SARS-CoV-2 outbreak
that affected 379 individuals (165 patients and 214 staff
members) noted at the entire medical center beginning
on 24 March 2020. Of the patients treated in the COVID
unit of our center, 31% (n = 33) had a previous history of
a malignancy (mainly a solid tumor). In 64% of these cas-
es, the tumor was active, and 15% under a specific treat-
ment at the time tested positive for SARS-CoV-2. The
clinical characteristics and outcomes of these patients
were fed into the LEOSS registry. A detailed analysis (as
part of a larger cohort) was published recently by Riith-
rich et al. [15].

Regarding the testing strategy that included asymp-
tomatic individuals and frequency (i.e., every 4 days), our
approach differed from the recommendations by both re-
gional and national authorities which, at that point, did
not generally advocate testing of asymptomatic individu-
als who had not had contact with an infected patient or
who were returning from so-called “risk areas” (areas
with a high number of infected individuals). However,
this policy has been revised recently, possibly as a result
of broader test availability and further reductions in turn-
around time. Likewise, attempts to expand testing to as-
ymptomatic individuals, in conjunction with an assay to
detect neutralizing antibodies, may be relevant.

At our center, we chose a NADA-based serial testing
approach at 4-day intervals for all patients and staff mem-
bers, so as to identify asymptomatic virus carriers as ear-
ly as possible and thereby further reduce the risk of trans-
mitting SARS-CoV-2. In fact, this seems mandatory, as
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the total number of infected individuals including those
with an asymptomatic infection is estimated as being 10
(range 5-20) times that of the confirmed cases [16]. This
4-day time frame was chosen because most published re-
ports indicate a median incubation time of SARS-CoV-2
in the range of 4-6 days [17, 18]. However, further work
is needed to better define intervals. Also, the development
of a herd immunity and/or the availability of an efficient
vaccine will likely require further adaptions of the testing
strategy. The general impression is that the frequent test-
ing in our institution was perceived in a positive manner
by both patients and health care professionals.

As of July 5, 2020, 197,388 individuals tested positive
for SARS-CoV-2 in Germany and 9,022 deaths were re-
ported. In the Berlin-Brandenburg area, 11,922 individu-
als infected with SARS-CoV-2 were identified, and a total
of 387 deaths were noted in conjunction with a confirmed
SARS-CoV-2 infection. This converts into 19.3 infected
individuals/100.000 inhabitants, which is among the low-
est in Germany. Although we cannot rule out other con-
tributory factors, we speculate that the low positive rates
in both patients and staft are in keeping with this low
background incidence of SARS-VoV-2 infections in the
general population. In this regard, our approach might
not be adequate in regions with a different epidemiologic
profile of SARS-CoV-2, e.g., the presence of substantially
more infected individuals.

Lastly, it needs to be pointed out that the procedures
implemented at our center during March and thereafter
had tremendous implications regarding resources, i.e., fi-
nancial (costs for repetitive testing of patients and staff
and a reduced capacity for treatment of inpatients and
outpatients), personnel (the provision of additional staff
to allow for separate workflows and continuous adjust-
ment of staff rosters), and others (internal and external
communication, design and evaluation of new proce-
dures and plans, and the purchase of devices and equip-
ment). In sum, these constituted a substantial burden
with respect to daily work and the provision of high-qual-
ity health care in general.

Taken together, in our center, the implementation of
a procedural plan based on strict team segregation and
stringent testing for SARS-CoV-2 in both patients and
staff has been challenging but appears feasible and safe.
This strategy was highly effective to reduce the occur-
rence of SARS-CoV-2 infections and associated COV-
ID-19, and it allowed us to maintain a hematology/oncol-
ogy service at our center. However, managing cancer pa-
tients during the SARS-CoV-2 pandemic remains a huge
challenge.
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