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Simple Summary: The characterization of clinical outcomes and prognostic factors in COVID-19-
infected cancer patients is important for health care authorities, policy makers and oncologists. We
collected extensive data on COVID-19-infected cancer patients from 1 March 2020 over a one-year
period. Among 455 patients included, death from COVID-19 infection occurred in 98 patients,
resulting in a mortality rate of 21.5%. Age ≥ 65 years, non-curative disease, intensive care unit
admission and oxygen requirement were particular and independent negative prognostic factors
for death from COVID-19. COVID-19 severity and mortality in cancer patients remained high in a
country (Switzerland) with a decentralized, high-quality, universal-acess health care system.

Abstract: Purpose: These are the final results of a national registry on cancer patients with COVID-19
in Switzerland. Methods: We collected data on symptomatic COVID-19-infected cancer patients from
23 Swiss sites over a one-year period starting on 1 March 2020. The main objective was to assess

Cancers 2022, 14, 2191. https://doi.org/10.3390/cancers14092191 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14092191
https://doi.org/10.3390/cancers14092191
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0001-6602-6287
https://orcid.org/0000-0002-2997-527X
https://orcid.org/0000-0001-8944-1088
https://orcid.org/0000-0002-9568-8164
https://orcid.org/0000-0001-9002-9015
https://orcid.org/0000-0002-2265-6559
https://doi.org/10.3390/cancers14092191
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14092191?type=check_update&version=2


Cancers 2022, 14, 2191 2 of 12

the outcome (i.e., mortality, rate of hospitalization, ICU admission) of COVID-19 infection in cancer
patients; the main secondary objective was to define prognostic factors. Results: From 455 patients
included, 205 patients (45%) had non-curative disease, 241 patients (53%) were hospitalized for
COVID-19, 213 (47%) required oxygen, 43 (9%) invasive ventilation and 62 (14%) were admitted
to the ICU. Death from COVID-19 infection occurred in 98 patients, resulting in a mortality rate of
21.5%. Age ≥ 65 years versus <65 years (OR 3.14, p = 0.003), non-curative versus curative disease
(OR 2.42, p = 0.012), ICU admission (OR 4.45, p < 0.001) and oxygen requirement (OR 20.28, p < 0.001)
were independently associated with increased mortality. Conclusions: We confirmed high COVID-19
severity and mortality in real-world cancer patients during the first and second wave of the pandemic
in a country with a decentralized, high-quality, universal-access health care system. COVID-19-
associated mortality was particularly high for those of older age in a non-curative disease setting,
requiring oxygen or ICU care.

Keywords: COVID-19; coronavirus; pandemic; cancer; cancer treatment

1. Introduction

From a local respiratory disease epidemic within the Chinese province of Wuhan, se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the resultant coronavirus
disease 2019 (COVID-19) rapidly emerged as a pandemic that brought health care systems
to the brink of collapse in many regions of the world [1]. Early on in the pandemic, it be-
came clear that the risk of morbidity and mortality from COVID-19 was not uniform across
infected patients but was rather dependent on specific patient characteristics, including age
and comorbidities, such as immunosuppression and pulmonary and malignant comorbidi-
ties, among others [2–5]. Over time, accumulating data suggested an increased risk of high
morbidity and mortality from COVID-19 in cancer patients [3,6–14]. In the three largest
non-cancer type-specific registry trials during the initial phase of the pandemic, COVID-19-
associated mortality was 14% among 4966 cancer patients from the COVID-19 and Cancer
Consortium (CCC19) study [11] (13% in the initial report in 928 cancer patients [6]), 10.9%
among 1794 cancer patients in the US National Veterans Affairs Study [10] and 32.3% among
351 cancer patients in the Dutch Oncology COVID-19 consortium study [9]. Important
cancer type-specific registry trials include the TERAVOLT initiative, which found an overall
COVID-19-associated mortality of 33% among 200 patients with thoracic cancers [14], 33%
among 697 patients with hematological malignancies [12] and 21% among 228 prostate
cancer patients [15]. Accordingly, clinicians involved in cancer care are facing competing
risks from cancer progression and COVID-19. These include issues such as potentially
increased risk of COVID-19 infection with hospital visits for cancer care or more severe
course of COVID-19 infection with concurrent anticancer treatment. This data vacuum led
to frequent adjustments of cancer patient management during the COVID-19 pandemic,
even in regions with low COVID-19 incidence [16–18]. Data and recommendations to
inform the cancer care community about how to handle these difficult issues in everyday
practice are critical but still usually limited to specific tumor entities [19–22]. To build such
recommendations, more data on the outcomes as well as important prognostic factors in
the more general cancer patient population susceptible to COVID-19 infections are crucial.
Switzerland was a country heavily affected by COVID-19 in the first two waves, accumu-
lating roughly 1 million confirmed cases (12% of the population) and 11,500 deaths from
COVID-19 (0.13% of the population, updated 5 December 2021). Thus, greater knowledge
of local data regarding the COVID-19 outbreak is of utmost importance for the management
of patients with cancer.

We describe clinical outcomes in symptomatic COVID-19-infected patients with solid or
hematological malignancies in secondary and tertiary cancer care sites covering the majority
of the Swiss population in a country with a distinctly decentralized health care system.
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2. Methods
2.1. Study Design and Eligility Criteria

SAKK 80/20 was executed by the Swiss Group for Clinical Cancer Research, which is a
nationwide academic consortium of oncology physicians (hematologists, medical oncologists,
radio-oncologists, surgeons) in Switzerland. The study was an observational study with
a cross-sectional design, allowing the obtainment of real-life information on SARS-CoV-2
infection in cancer patients and its possible impact on outcomes of individual cancer dis-
ease. The study aimed to assess all patients with histologically or cytologically confirmed
malignant tumors who had been additionally diagnosed with SARS-CoV-2 infection dur-
ing a time period of 12 months. This allowed us to analyze the data from the SARS-CoV-2
2020 summer peak and the 2020/2021 winter peak. SAKK 80/20 was designed as a na-
tional registry to support rapid implementation of data on COVID-19 infection in cancer
patients in oncological practice. SAKK 80/20 collected extensive clinical and outcome data
from symptomatic SARS-CoV-2-infected, adult (≥18 years of age) cancer patients between
1 March 2020 and 15 March 2021. All patients have or had histologically or cytologically con-
firmed early or advanced solid or hematological malignancies independent of their specific
treatment setting, including patients with a history of cancer. SARS-CoV-2 infection was
either confirmed by polymerase chain reaction (PCR)-based nasopharyngeal swab testing
or diagnosed by clinical and radiological findings in a few cases. Testing for SARS-CoV-2
followed the guidelines set out by the national authorities, which can be found with the fol-
lowing link: https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-
bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
(accessed on 27 March 2022). Twenty-three Swiss secondary and tertiary care sites participated
in SAKK 80/20, representing almost all study sites of the Swiss Clinical Cancer Research
(SAKK) network and covering an estimate of more than two-thirds of the Swiss population.
The SAKK research network does not include oncologists in private practice and potential
limitations are outlined in the discussion section. The study collected baseline clinical data,
including patient characteristics, prior and current anticancer treatment, comorbidities, con-
comitant medications, symptoms of SARS-CoV-2 infection, the type of SARS-CoV-2 diagnosis
(nasopharyngeal swab versus clinico-radiological diagnosis), specific treatment of SARS-CoV-
2 infection and clinical outcome until the end of the study period, this being 15 March 2021.
Subsequently, the data provided were centrally entered into an electronic clinical record form
(eCRF) using a secured digital database (SecuTrial). The study was approved by the responsi-
ble Ethics Committee (EKOS, No. 2020-00804) and processed data were fully pseudonymized.
Patients gave their written informed consent for trial participation.

2.2. Study Objectives and Statistical Analysis

The primary objective of SAKK 80/20 was to collect clinical data and investigate
the outcomes of cancer patients with symptomatic SARS-CoV-2 infection. The secondary
objective of the study was to define prognostic factors in this population with acquired
SARS-CoV-2. Co-primary endpoints included the proportion of complicated SARS-CoV-
2 infections, i.e., the need for hospitalization and admission to the intensive care unit
(ICU), and the proportion of fatal cases due to SARS-CoV-2 infection. Secondary endpoints
included overall survival (OS) and the proportion of patients requiring mechanical ven-
tilation. The following parameters were considered as potential prognostic covariables:
patient age, gender, tumor disease (solid versus hematological malignancy, the latter in-
cluding lymphoma, multiple myeloma, leukemia and myelodysplastic syndrome), curative
versus palliative disease setting, type of systemic anticancer treatment (chemotherapy,
targeted anticancer treatment (including tyrosine kinase inhibitors and monoclonal anti-
bodies, except immune checkpoint inhibitors), immunotherapy (i.e., immune checkpoint
inhibitors), endocrine treatment), comorbidities (including cardiovascular and pulmonary
disease, diabetes, obesity) and comedication. Cardiovascular comorbidities included heart
valvular, myocardial and coronary disease, arterial hypertension, pulmonary embolism,
pulmonary heart disease, endocarditis, arrhythmias, cerebrovascular disease, including

https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
https://www.bag.admin.ch/bag/de/home/krankheiten/infektionskrankheiten-bekaempfen/meldesysteme-infektionskrankheiten/meldepflichtige-ik/meldeformulare.html
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cerebral hemorrhage, peripheral vascular disease, phlebitis and thrombophlebitis, among
others. Pulmonary comorbidities included bronchitis, emphysema, asthma, chronic ob-
structive pulmonary disease, pleura effusions, among others.

The characteristics of patients with resolved versus fatal cases of SARS-CoV-2 infection
were analysed. Descriptive statistics were used for baseline characteristics. Standard tests
were used to check univariable associations between categorical and categorical (Fisher’s
exact test) or categorical and continuous (Wilcoxon rank-sum test) variables. Additional
categorical testing was performed for continous variables such as age. Logistic regression
was used to test multivariable associations between binary outcomes and other patient
characteristics. We did not implement correction for multiple testing due to the exploratory
and hypothesis-generating nature of the study. All analyses were performed using SAS
version 9.4. and R version 3.6.0 (www.r-project.org (accessed on 5 March 2020)) or more
recent versions thereof. All statistical tests were performed two-sided.

3. Results
3.1. Patient Population

With a cutoff date of 15 March 2021, 455 consenting patients were included between
1 March 2020 and 15 March 2021 and proceeded to the final analysis. Detailed baseline
characteristics are presented in Table 1. Median age was 69 years (range 27 to 95) and
261 (57.4%) patients were male. SARS-CoV-2 infection was diagnosed based on PCR-based
nasopharyngeal swabs (PCR+) in 428 (94.1%) patients and based on clinico-radiological
findings in 27 (5.9%) patients. The most frequent malignancies were breast cancer in 81
(18%) cases, lung cancer in 57 (13%), prostate cancer in 37 (8%) and multiple myeloma in
21 (5%) cases; 205 (45%) patients had a malignancy in the non-curative setting. Systemic
treatment at the moment of COVID-19 diagnosis or within 3 months prior to COVID-19
diagnosis included chemotherapy in 101 (22.5%) cases, targeted therapy in 94 (20.9%),
steroids in 52 (11.6%) and checkpoint inhibitors in 33 (7.3%) cases; 158 (70.2%) out of
those 225 patients were on active systemic anticancer treatment at the time of diagnosis of
COVID-19. Radiotherapy within 3 months prior to COVID-19 diagnosis was received by
39 (8.7%) patients; surgery was received by another 39 (8.7%) patients. Besides diagnosis
of solid or hematological malignancy, 378 (83.1%) patients had one or more relevant
comorbidities, most frequently cardiovascular disease in 244 (53.6%) patients; 166 (36.5%)
patients were current or former smokers. The three most frequent symptoms at the time of
COVID-19 diagnosis included fever in 286 (62.9%) patients, cough in 265 (58.2%) patients
and fatigue in 180 (39.6%) patients.

Table 1. Patient demographics and clinical characteristics.

Patient Characteristics N %

Gender
male 261 57.4

female 194 42.6
Age
65+ 273 60.0
<65 182 40.0

Geographic region
Western CH 195 42.9

Northern CH 199 43.7
Southern CH 61 13.4
Tumor entity
solid tumor 332 73.7

hematological malignancy 119 26.3
breast cancer 81 17.8
lung cancer 57 12.5

prostate cancer 37 8.1
multiple myeloma 21 4.6

www.r-project.org
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Table 1. Cont.

Patient Characteristics N %

Prognostic tumor setting
non-curative 205 50.6

curative 200 49.4
Systemic anticancer treatment

yes 225 49.2
no 224 50.8

chemotherapy 101 22.5
targeted anticancer agents 94 20.9

steroids 52 11.6
endocrine treatment 43 9.6

immunotherapy * 34 7.6
Comorbidity other than

COVID-19
yes 378 83.1
no 77 16.9

cardiovascular disease 244 53.6
pulmonary disease 66 14.5
diabetes mellitus 63 13.8

adipositas 45 9.9
cachexia/malnutrition 34 7.5

Including tyrosine kinase inhibitors, monoclonal antibodies except immune checkpoint inhibitors, * immune
checkpoint inhibitors, Abbreviations: CH = Switzerland; N = number of patients.

3.2. COVID-19 Treatment and Coutcome

COVID-19 clinical outomes are outlined in Table 2. In total, 98 (21.5%) patients died
from COVID-19. Cancer patients admitted to the ICU had the highest mortality, with
35 (56.5%) patients dying from COVID-19. Out of the 98 patients who died from COVID-19,
the majority (63 (64.3%)) of patients were not admitted to the ICU. Overall, 285 (62.7%)
patients were either admitted to the hospital for COVID-19 infection (241 patients, 53.0%) or
were already hospitalized (44 patients, 9.7%). Treatment of hospitalized patients included
oxygen therapy in 213 (74.7%) patients, non-invasive ventilation in 45 (15.8%) patients,
invasive ventilation in 43 (15.1%) patients and ICU admission in 62 (21.8%) patients. The
most frequent systemic treatment due to SARS-CoV-2 infection included antibiotics in
227 (49.9%) patients, with further treatments as outlined in Table 2. Time to resolution of
symtoms from COVID-19 infection was a median of 19 days (interquartile range: 13 to
30 days; range: 1 to 225 days). Anti-SARS-CoV-2 systemic therapies had no significant
impact on clinical outcome. Median time of hospitalization was 12 days (interquartile
range: 7 to 21 days; range: 1 to 139 days).

Table 2. SARS-CoV-2 infection outcome in cancer patients.

Patient Characteristics N %

Hospitalization for COVID-19
yes 241 53.0
no 170 37.3

already hospitalized 44 9.7
Oxygen requirement

yes 213 46.8
no 242 53.2

ICU admission
yes 62 13.6
no 393 86.4

Invasive ventilation
yes 43 9.5
no 412 90.5
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Table 2. Cont.

Patient Characteristics N %

COVID-19 associated death
in all studied cancer patients 98 21.5

in hospitalized cancer patients 91 31.9
in cancer patients requiring oxygen 88 41.3

in cancer patients admitted to the ICU 35 56.5
Systemic treatment for COVID-19

antibiotics 227 49.9
chloroquin 102 22.4
antivirals 61 13.4
steroids 78 17.1

fungistatics 41 9
tocilizumab 6 1.3

3.3. COVID-19 Prognostic Factors in Cancer Patients

Eight significant negative prognostic factors for survival from COVID-19 were iden-
tified using univariable logistic regression modeling, including male gender (HR 1.93,
95% CI 1.19–3.10, p = 0.007), age ≥ 65 years (HR 4.45, 95% CI 2.51–7.91, p < 0.001), non-
curative setting (HR 2.03, 95% CI 1.23–3.33, p = 0.005), cardiovascular disease (HR 2.47,
95% CI 1.53–4.00, p < 0.001), ICU admission (HR 6.89, 95% CI 3.89–12.20, p < 0.001)
and oxygen treatment (HR 38.80, 95% CI 13.92–108.13, p < 0.001). Importantly, neither
the region of the patients who were treated (Southern versus Western versus Northern
Switzerland), nor the type of malignancy (hematological versus solid tumors, HR = 1.18,
95% CI 0.72–1.95, p = 0.51), presence of metastatic disease (HR 1.27, 95% CI 0.71–2.25,
p = 0.42), prior chemotherapy (HR 1.33, 95% CI 0.79–2.23, p = 0.28), prior immunother-
apy (HR 1.55, 95% CI 0.71–3.36, p = 0.27) or lung comorbidities (HR 1.20, 95% 0.65–2.21,
p = 0.65) were significantly associated with COVID-19-associated fatalities when submitted
to univariable testing. The results of uni- and multivariable logistic regression modeling are
outlined in Table 3. The three independent negative prognostic factors most strongly asso-
ciated with COVID-19-associated fatalities from multivariable testing were oxygen require-
ment (HR 20.28, 95% CI 6.86–59.95, p < 0.001), ICU admission (HR 4.45, 95% CI 2.16–9.17,
p < 0.001) and age ≥ 65 years (HR 3.14, 95% CI 1.49–6.64, p = 0.003). Chemotherapy within
three months prior to COVID-19 diagnosis, patient gender and the type of malignancy
(hematological versus solid tumors) were not significantly associated with COVID-19-
associated fatalities with multivariable testing. Active systemic anticancer treatment at the
time of diagnosis of COVID-19 was not significantly associated with mortality (HR = 0.60,
95% CI 0.35–1.00, p = 0.05) with univariable testing, nor was it forwarded to multivari-
able testing. The use of steroids within three months prior to the diagnosis of COVID-19
was marginally associated with mortality from COVID-19 (HR = 1.90, 95% CI 1.02–3.55,
p = 0.044) with univariable testing, but this did not resist multivariable testing. Figure 1
outlines the course of COVID-19 in all study patients.

Table 3. Univariable and multivariable Cox regression models on COVID-19 associated death
(outcome = death (yes/no), N = 431 complete observations, 93 deaths).

Univariable Multivariable
HR 95% CI P HR 95% CI P

Gender
male vs. female 1.93 1.19–3.10 0.007 1.12 0.60–2.11 0.722

Age
65+ vs. <64 4.45 2.51–7.91 <0.001 3.14 1.49–6.64 0.003

Geographic region
Western vs. Northern CH 0.82 0.51–1.35 0.442
Southern vs. Nothern CH 1.36 0.71–2.61 0.354
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Table 3. Cont.

Univariable Multivariable
HR 95% CI P HR 95% CI P

Tumor type
hematological vs. solid

malignancy 1.18 0.72–1.95 0.512 1.02 0.53–1.97 0.952

Prognostic tumor setting
non-curative vs. Curative 2.03 1.23–3.33 0.005 2.42 1.22–4.83 0.012

Presence of metastases
yes vs. no 1.27 0.71–2.25 0.422

Chemotherapy
yes vs. no 1.33 0.79–2.23 0.280 1.44 0.71–2.93 0.311

Immunotherapy *
yes vs. no 1.55 0.71–3.36 0.269 3.15 0.95–10.38 0.06
Steroids

yes vs. no 1.90 1.02–3.55 0.044 0.90 0.42–1.90 0.774
Anticancer treatment at the

time of C19 diagnosis
yes vs. no 0.60 0.35–1.00 0.050

Comorbidity
cardiovascular disease 2.47 1.53–4.00 <0.001 1.15 0.61–2.18 0.665

pulmonary disease 1.20 0.65–2.21 0.564 1.01 0.46–2.22 0.99
Oxygen requirement

yes vs. no 38.80 13.92–108.13 <0.001 20.28 6.86–59.95 <0.001
ICU admission

yes vs. no 6.89 3.89–12.20 <0.001 4.45 2.16–9.17 <0.001
Invasive ventilation

yes vs. no 6.53 3.38–12.61 <0.001

Abbreviations: HR = hazard ratio, CI = confidence interval, CH = Switzerland, ICU = intensive care unit; * immune
checkpoint inhibitors.Cancers 2022, 14, 2191 8 of 13 
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4. Discussion

The SAKK 80/20 (CaSa) registry was initiated in order to identify clinical character-
istics of patients with early or advanced solid or hematological malignancies associated
with an increased risk of fatal outcome from SARS-CoV-2 infection. We found higher
age (modeled as age ≥ 65 years), ICU admission, oxygen requirement and non-curative
disease setting to be significant, independent and clinically highly relevant negative prog-
nostic factors in cancer patients with SARS-CoV-2 infections. This has to be seen against
the background of a cancer population that has a substantially higher median age com-
pared to the average Swiss population (69 years in SAKK 80/20 versus 42.7 years in the
Swiss population), as well as a higher proportion of males versus females (57.4% in SAKK
80/20 versus 49.5% in the Swiss population). The median patient age in our study, however,
is consistent with the median age of Swiss cancer patients (69.8 years for men, 68.1 years
for women) according to the Swiss Federal Statistical Office (FOS) [23]. SAKK 80/20 is
one of the few nation-wide COVID-19 registries and its particularities include extensive
data collection of patient characteristics, including co-medication and co-morbidities, care-
ful individual patient follow-up until recovery from SARS-CoV-2 infection or death, and
study execution in a country with a highly decentralized health care system, different
than countries, including the US, UK and the Netherlands [9]. Important characteristics of
Switzerland’s health care systemic include three different levels of government (the federal
level, the regional or ‘cantonal’ level and the municipalities for social services), recognized
civil society organizations, such as associations of health insurers and health care providers,
and the strong political impact of the Swiss citizen who can veto or demand reform through
public referenda [24].

Higher age is the most consistent negative prognostic factor across clinial studies in
cancer patients affected by COVID-19 [3,6,9–12], and our data confirm higher age as a sig-
nificant, independent and clinically relevant risk factor for higher SARS-CoV-2-associated
mortality. Male gender was identified as a negative prognostic factor in the two large
US cancer cohorts [6,11] and by the Dutch Oncology COVID-19 consortium [9]. In SAKK
80/20, male gender was a significantly and negatively associated factor with mortality from
SARS-CoV-2 infection in cancer patients (HR 1.93, 95% CI 1.19–3.10, p = 0.007), but this did
not resist multivariable logistic regression analysis (HR 1.12, 95% CI 0.60–2.11, p = 0.722).
It remains unclear whether co-linearity between gender and tumor entity (i.e., breast and
lung cancer) may have impacted multivariable analysis in this regard. Chemotherapy prior
to or at the time of SARS-CoV-2 diagnosis has previously been identified as a risk factor for
mortality due to COVID-19 in cancer patients according to some registry studies [3,9,11,13].
Chemotherapy was not identified as a negative prognostic factor in the US cohort study
of Jee et al. [25], the UK registry study by Lee et al. [26] or the US Veterans Affairs Study
by Fillmore et al. [10]. According to the multivariable logistic regression model in SAKK
80/20, chemotherapy within 3 months prior to COVID-19 diagnosis was not significantly
and independently associated with SARS-CoV-2-associated mortality. Other systemic anti-
cancer treatment, particularly immunotherapy, was also not associated with mortality from
SARS-CoV-2 infection, and this is similar to results from other registry studies [9–11,13].
However, the use of steroids within three months prior to the diagnosis of COVID-19 was a
negative prognostic factor in the univariable model (HR = 1.90, 95% CI 1.02–3.55, p = 0.044),
similar to what has been described by the Dutch Oncology COVID-19 consortium [9].
While dexamethasone decreases mortality from SARS-CoV-2 infection in patients requiring
respiratory support [22], the use of steroids as part of anticancer treatment at the time of
diagnosis of COVID-19 may represent an unfavourable prognostic factor but is unlikely to
be a prominent negative prognostic factor. Hematological versus solid malignancy was
identified as being unfavourably associated with mortality from SARS-CoV-2 infection
in cancer patients in some studies [9,11,25], while we only found a weak numerical as-
sociation between hematological malignancy and mortality from SARS-CoV-2 infection
(HR 1.18, 95% CI 0.72–1.95, p = 0.512). In the publication of the Dutch Oncology COVID-19
consortium, hematological malignancy was a strong negative prognostic factor with regard
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to COVID-19-associated mortality (OR 2.15, 95% CI 1.30–3.57, p = 0.003), as it was in the
COVID-19 and Cancer Consortium publication (OR 1.44, 95% CI 1.10–1.87) and the study
by Jee et al. (HR 2.10, 95% CI 1.36–3.24, p < 0.01). In all of these studies, including SAKK
80/20, roughly one quarter of cases were hematological versus solid cancer cases. This is
of particular interest given recent data on the limited efficacy of SARS-CoV-2 vaccines in
patients with hematological malignancies [27].

SAKK 80/20 covers the first and second wave of symptomatic COVID-19 cases in
Swiss cancer patients. While only very few national guidelines on the clinical management
of COVID-19 (non-cancer) patients have been published so far [28], the Swiss Federal Office
of Public Health (FOPH) has continually published national guidelines on SARS-CoV-2
testing, disease symptoms and treatment, measures of prevention and subsequent recom-
mendations for SARS-CoV-2 vaccination [29]. The guidelines have changed over time and
were the basis for SARS-CoV-2 testing and diagnosis as implemented in the SAKK 80/20
study. In October 2020, the FOPH issued a recommendation to weigh the risks and benefits
of anticancer treatment regarding the current and changing situation of the COVID-19
pandemic. This recommendation included a warning to use aplastic chemotherapy only
in the curative setting or in cases of expected substantial survival benefit and recommen-
dations to limit the number of chemotherapy cycles to three to four in the non-curative
setting, to generously use G-CSF and prophylactic antibiotics in specific cases and to limit
the used of high-dose chemotherapy and (autologous/allogen) stem-cell transplantation.
While there are no data on the adaptation of anticancer treatment in Switzerland during
the COVID-19 pandemic, data from SAKK 80/20 support adequate systemic anticancer
treatment, including chemotherapy, in well-monitored cancer patients, as our data do not
suggest a detrimental effect from such treatment, including chemotherapy, within 3 months
prior to COVID-19 diagnosis. A further consideration is the potential triage of patients at
times of ICU resource scarcity, as was the case at the heights of the COVID-19 pandemic
waves in Switzerland. The Swiss Academy of Medical Sciences (SAMW) issued such
guidance in March 2020, with subsequent updates as the pandemic evolved [30]. These
guidelines make a clear statement that comorbidities such as cancer must not be seen in
themselves as a factor of prognostic relevance and hence individualized decisions have to
be made with regard to intensive care in SARS-CoV-2-infected cancer patients. Again, re-
sults from SAKK 80/20 must not inform individual decision making in the cases of critically
ill COVID-19 cancer patients but they can inform caregivers about prognostic conditions
and support communication between caregivers and with the patients and their families.
While any direct comparison of COVID-19 mortality in cancer versus non-cancer patients
is methodologically not justifiable, we found COVID-19-associated mortality in cancer
patients (21.5%) to be substantially higher than in the general Swiss population (1.06% as
of 11 December 2021). Obviously, SARS-CoV-2 infections may be more readily detected in
the general population where routine testing without symptoms is more frequent than in
symptomatic cancer patients included in SAKK 80/20, resulting in an overestimation of
COVID-19 mortality in cancer patients.

SAKK 80/20 has several limitations, including a potential selection bias due to includ-
ing data provided by medical oncologists based at larger and middle-sized hospitals. This
may have resulted in an overestimation of COVID-19-associated mortality, as these cancer
institutions have an overrepresentation of patients with active or more complex cancer
disease. Despite data collection by professional clinical trial coordinators and a robust data
quality assurance system, data collection across multiple sites may result in selection biases,
reporting errors and missing and and unknown data. Patients who had completed cancer
treatment and were referred back to their general practitioner for follow-up visits, as well
as cancer patients who were diagnosed with SARS-CoV-2 infection outside the hospital,
may not have been registered in this national registry trial. Furthermore, SARS-CoV-2
testing policy in Switzerland changed over time [29], resulting in varying degrees of un-
derestimation of the total number of SARS-CoV-2-infected cancer patients. Our study has
various strenghts, including the prospective study design, coverage of the majority of the
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Swiss cancer population, extensive data collection and patient follow-up until recovery
from SARS-CoV-2 infection or death. Importantly, despite being non-centralized, the Swiss
health care system provides high-quality, universal access to medical care, and national
guidelines provided homogeneity with regard to cancer management during the COVID-19
pandemic. Accordingly, the results of the SAKK 80/20 study are representative of the Swiss
real-world cancer patient population.

5. Conclusions

We confirmed high COVID-19 severity and a mortality rate of 21.5% in real-world
cancer patients during the first two waves of the pandemic in a country with a decentralized,
high-quality, universal-access health care system. COVID-19-associated mortality was
particularly high among those of older age, in a non-curative disease setting, requiring
oxygen or ICU care. The rates of hospitalization and ICU admission for COVID-19 in cancer
are substantial, revealing the urgency of avoiding exposure and prioritizing vaccination.
SAKK 80/20 does not suggest that cancer patients receiving adequate systemic anticancer
treatment, including chemotherapy, are at increased risk of COVID-19-associated mortality,
indirectly supporting the delivery of adequate treatment to cancer patients, including
potentially curative treatment, such as surgery and adjuvant chemo- or radiotherapy.

Author Contributions: Conceptualization, M.J., Y.M., A.S. and R.v.M.; methodology, M.J., Y.M., S.H.,
A.S. and R.v.M.; software, C.K. and S.H.; validation, M.J., Y.M., C.K., S.H., A.S. and R.M.; formal
analysis, M.J., Y.M., K.Z., S.H., A.S. and R.M.; investigation, M.J., Y.M., O.M., N.M., A.B., A.M.S.,
N.C., C.B.C., S.S., R.v.M., M.P., C.B., C.R., D.K., J.D.S., C.K., S.H., A.S. and R.M.; resources, M.J., Y.M.,
K.Z., O.M., N.M., A.B., A.M.S., N.C., C.B.C., S.S., R.M., M.P., C.B., C.R., D.K., J.D.S., C.K., S.H., A.S.
and R.M.; data curation, M.J., Y.M., K.Z., O.M., N.M., A.B., A.M.S., N.C., C.B.C., S.S., R.v.M., M.P.,
C.B., C.R., D.K., J.D.S., C.K., S.H., A.S. and R.M.; writing—original draft preparation, M.J., Y.M.,
K.Z., S.H., A.S. and R.M.; writing—review and editing, M.J., Y.M., O.M., N.M., A.B., A.M.S., N.C.,
C.B.C., S.S., R.M., M.P., C.B., C.R., D.K., J.D.S., C.K., S.H., A.S. and R.v.M.; visualization, C.K. and S.H.;
supervision, M.J. and R.M.; project administration, K.Z., C.K., S.H. and J.D.S.; funding acquisition,
M.J., J.D.S. and R.v.M. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported Swiss State Secretary for Education, Research and Innovation
(SERI), by Roche Pharma (Schweiz) AG, Swiss Cancer Research Foundation (SCS) and Swiss Cancer
League (SCL).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the responsible Ethics Committee (EKOS, No. 2020-00804).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This study was supported by the Swiss State Secretary for Education, Research
and Innovation (SERI), by Roche Pharma (Schweiz) AG, the Swiss Cancer Research Foundation (SCS)
and the Swiss Cancer League (SCL).

Conflicts of Interest: M.J. has received institutional research grants from AstraZeneca, Basilea
Pharmaceutica, Bayer, BMS, Immunophotonics, Innomedica, MSD, Novartis, Roche, Takeda and
travel grants from BMS, Roche, MSD. K.Z. has received institutional consultant fees from Lilly,
Novartis, Roche, MSD, Mylan, Daiichi-Sankyo, Pierre Fabre, institutional research grants from Roche
and travel grants from Roche, Pierre Fabre, MSD. N.C. has received research grants from Novartis,
consulting fees from BMS and Novartis, honoraria from AbbVie, AstraZeneca, BMS, Gilead, Novartis,
OrPha Swiss, Pfizer, Sandoz, Sanofi-Aventis, Takeda/Shire, travel grants from AbbVie, Amgen,
Celgene, Roche and advisory board remuneration from AbbVie, Alexion, Amgen, BMS, Gilead,
Incyte, Janssen, Novartis, OrPha Swiss, Pfizer, Roche, Sandoz, Sanofi-Aventis, Takeda/Shire. C.B. has
received advisory board remuneration from AstraZeneca, Pfizer, Roche, Takeda, Janssen, Boehringer-
Ingelheim, Roche and travel grants from AstraZeneca and Takeda. A.S. has received institutional
research grants from Roche, Pfizer, Merck, Bayer, Novartis, MEI-Pharma, ADC Therapeutics, Cellestia.



Cancers 2022, 14, 2191 11 of 12

References
1. Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al. A Novel Coronavirus from

Patients with Pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727–733. [CrossRef] [PubMed]
2. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors

for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

3. Liang, W.; Guan, W.; Chen, R.; Wang, W.; Li, J.; Xu, K.; Li, C.; Ai, Q.; Lu, W.; Liang, H.; et al. Cancer patients in SARS-CoV-2
infection: A nationwide analysis in China. Lancet Oncol. 2020, 21, 335–337. [CrossRef]

4. Mehta, V.; Goel, S.; Kabarriti, R.; Cole, D.; Goldfinger, M.; Acuna-Villaorduna, A.; Pradhan, K.; Thota, R.; Reissman, S.;
Sparano, J.A.; et al. Case Fatality Rate of Cancer Patients with COVID-19 in a New York Hospital System. Cancer Discov. 2020, 10,
935–941. [CrossRef] [PubMed]

5. Zhang, L.; Zhu, F.; Xie, L.; Wang, C.; Wang, J.; Chen, R.; Jia, P.; Guan, H.Q.; Peng, L.; Chen, Y.; et al. Clinical characteristics of
COVID-19-infected cancer patients: A retrospective case study in three hospitals within Wuhan, China. Ann. Oncol. 2020, 31,
894–901. [CrossRef]

6. Kuderer, N.M.; Choueiri, T.K.; Shah, D.P.; Shyr, Y.; Rubinstein, S.M.; Rivera, D.R.; Shete, S.; Hsu, C.-Y.; Desai, A.; de Lima Lopes,
G., Jr.; et al. Clinical impact of COVID-19 on patients with cancer (CCC19): A cohort study. Lancet 2020, 395, 1907–1918. [CrossRef]

7. Giannakoulis, V.; Papoutsi, E.; Siempos, I.I. Effect of Cancer on Clinical Outcomes of Patients with COVID-19: A Meta-Analysis
of Patient Data. JCO Glob. Oncol. 2020, 6, 799–808. [CrossRef]

8. Brar, G.; Pinheiro, L.C.; Shusterman, M.; Swed, B.; Reshetnyak, E.; Soroka, O.; Chen, F.; Yamshon, S.; Vaughn, J.; Martin, P.;
et al. COVID-19 Severity and Outcomes in Patients with Cancer: A Matched Cohort Study. J. Clin. Oncol. 2020, 38, 3914–3924.
[CrossRef]

9. de Joode, K.; Dumoulin, D.W.; Tol, J.; Westgeest, H.M.; Beerepoot, L.V.; van den Berkmortel, F.W.; Mutsaers, P.G.; van Diemen,
N.G.; Visser, O.J.; Oomen-de Hoop, E.; et al. Dutch Oncology COVID-19 consortium: Outcome of COVID-19 in patients with
cancer in a nationwide cohort study. Eur. J. Cancer 2020, 141, 171–184. [CrossRef]

10. Fillmore, N.R.; La, J.; E. Szalat, R.; Tuck, D.P.; Nguyen, V.; Yildirim, C.; Do, N.V.; Brophy, M.T.; Munshi, N.C. Prevalence and
Outcome of COVID-19 Infection in Cancer Patients: A National Veterans Affairs Study. J. Natl. Cancer Inst. 2020, 113, 691–698.
[CrossRef] [PubMed]

11. Grivas, P.; Khaki, A.; Wise-Draper, T.; French, B.; Hennessy, C.; Hsu, C.-Y.; Shyr, Y.; Li, X.; Choueiri, T.; Painter, C.; et al. Association
of clinical factors and recent anticancer therapy with COVID-19 severity among patients with cancer: A report from the COVID-19
and Cancer Consortium. Ann. Oncol. 2021, 32, 787–800. [CrossRef] [PubMed]

12. García-Suárez, J.; De La Cruz, J.; Cedillo, Á.; Llamas, P.; Duarte, R.; Jiménez-Yuste, V.; Hernández-Rivas, J.Á.; Gil-Manso, R.;
Kwon, M.; Sánchez-Godoy, P.; et al. Impact of hematologic malignancy and type of cancer therapy on COVID-19 severity and
mortality: Lessons from a large population-based registry study. J. Hematol. Oncol. 2020, 13, 133. [CrossRef] [PubMed]

13. Yekedüz, E.; Utkan, G.; Ürün, Y. A systematic review and meta-analysis: The effect of active cancer treatment on severity of
COVID-19. Eur. J. Cancer 2020, 141, 92–104. [CrossRef]

14. Garassino, M.C. TERAVOLT (Thoracic cancers international COVID-19 collaboration): First results of a global collaboration to
address the impact of COVID-19 in patients with thoracic malignancies. Cancer Res. 2020, 80, CT402. [CrossRef]

15. Chakravarty, D.; Ratnani, P.; Sobotka, S.; Lundon, D.; Wiklund, P.; Nair, S.; Tewari, A. Increased Hospitalization and Mortality
from COVID-19 in Prostate Cancer Patients. Cancers 2021, 13, 1630. [CrossRef]

16. De Joode, K.; Dumoulin, D.W.; Engelen, V.; Bloemendal, H.J.; Verheij, M.; van Laarhoven, H.W.M.; Dingemans, I.H.; Dingemans,
A.C.; van der Veldt, A.A.M. Impact of the coronavirus disease 2019 pandemic on cancer treatment: The patients’ perspective. Eur.
J. Cancer 2020, 136, 132–139. [CrossRef]

17. Dinmohamed, A.G.; Visser, O.; Verhoeven, R.H.A.; Louwman, M.W.J.; van Nederveen, F.H.; Willems, S.M.; Merkx, M.A.W.;
Lemmens, V.E.P.P.; Nagtegaal, I.D.; Siesling, S. Fewer cancer diagnoses during the COVID-19 epidemic in the Netherlands. Lancet
Oncol. 2020, 21, 750–751. [CrossRef]

18. Wise, J. COVID-19: Cancer mortality could rise at least 20% because of pandemic, study finds. BMJ 2020, 369, m1735. [CrossRef]
19. Schrag, D.; Hershman, D.L.; Basch, E. Oncology Practice During the COVID-19 Pandemic. JAMA 2020, 323, 2005. [CrossRef]
20. Zaniboni, A.; Ghidini, M.; Grossi, F.; Indini, A.; Trevisan, F.; Iaculli, A.; Dottorini, L.; Moleri, G.; Russo, A.; Vavassori, I.; et al.

A Review of Clinical Practice Guidelines and Treatment Recommendations for Cancer Care in the COVID-19 Pandemic. Cancers
2020, 12, 2452. [CrossRef] [PubMed]

21. Raskin, J.; Lebeer, M.; De Bondt, C.; Wener, R.; Janssens, A.; Van Meerbeeck, J.P. Cancer in the time of COVID-19: Expert opinion
on how to adapt current practice. Eur. Respir. J. 2020, 55, 2000959. [CrossRef] [PubMed]

22. Dingemans, A.-M.C.; Soo, R.A.; Jazieh, A.R.; Rice, S.J.; Kim, Y.T.; Teo, L.L.; Warren, G.W.; Xiao, S.-Y.; Smit, E.F.; Aerts, J.G.; et al.
Treatment Guidance for Patients with Lung Cancer During the Coronavirus 2019 Pandemic. J. Thorac. Oncol. 2020, 15, 1119–1136.
[CrossRef]

23. FOS, SFSO. Swiss Cancer Patients Statistics. 2022. Available online: https://www.bfs.admin.ch/bfs/en/home/statistics/health/
state-health/diseases/cancer.html (accessed on 20 May 2020).

24. Quentin, W.; Busse, R. The strongly decentralized Swiss health system achieves good results: Past research has addressed
persisting challenges—But more is encouraged. Health Policy 2018, 122, 565–567. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1016/S1470-2045(20)30096-6
http://doi.org/10.1158/2159-8290.CD-20-0516
http://www.ncbi.nlm.nih.gov/pubmed/32357994
http://doi.org/10.1016/j.annonc.2020.03.296
http://doi.org/10.1016/S0140-6736(20)31187-9
http://doi.org/10.1200/GO.20.00225
http://doi.org/10.1200/JCO.20.01580
http://doi.org/10.1016/j.ejca.2020.09.027
http://doi.org/10.1093/jnci/djaa159
http://www.ncbi.nlm.nih.gov/pubmed/33031532
http://doi.org/10.1016/j.annonc.2021.02.024
http://www.ncbi.nlm.nih.gov/pubmed/33746047
http://doi.org/10.1186/s13045-020-00970-7
http://www.ncbi.nlm.nih.gov/pubmed/33032660
http://doi.org/10.1016/j.ejca.2020.09.028
http://doi.org/10.1158/1538-7445.am2020-ct402
http://doi.org/10.3390/cancers13071630
http://doi.org/10.1016/j.ejca.2020.06.019
http://doi.org/10.1016/S1470-2045(20)30265-5
http://doi.org/10.1136/bmj.m1735
http://doi.org/10.1001/jama.2020.6236
http://doi.org/10.3390/cancers12092452
http://www.ncbi.nlm.nih.gov/pubmed/32872421
http://doi.org/10.1183/13993003.00959-2020
http://www.ncbi.nlm.nih.gov/pubmed/32299866
http://doi.org/10.1016/j.jtho.2020.05.001
https://www.bfs.admin.ch/bfs/en/home/statistics/health/state-health/diseases/cancer.html
https://www.bfs.admin.ch/bfs/en/home/statistics/health/state-health/diseases/cancer.html
http://doi.org/10.1016/j.healthpol.2018.06.002
http://www.ncbi.nlm.nih.gov/pubmed/29935709


Cancers 2022, 14, 2191 12 of 12

25. Jee, J.; Foote, M.B.; Lumish, M.; Stonestrom, A.J.; Wills, B.; Narendra, V.; Avutu, V.; Murciano-Goroff, Y.R.; Chan, J.E.; Derkach, A.;
et al. Chemotherapy and COVID-19 Outcomes in Patients with Cancer. J. Clin. Oncol. 2020, 38, 3538–3546. [CrossRef]

26. Lee, L.Y.W.; Cazier, J.-B.; Angelis, V.; Arnold, R.; Bisht, V.; Campton, N.A.; Chackathayil, J.; Cheng, V.W.T.; Curley, H.M.;
Fittall, M.W.T.; et al. COVID-19 mortality in patients with cancer on chemotherapy or other anticancer treatments: A prospective
cohort study. Lancet 2020, 395, 1919–1926. [CrossRef]

27. Teh, J.S.; Coussement, J.; Neoh, Z.C.; Spelman, T.; Lazarakis, S.; A. Slavin, M.; Teh, B.W. Immunogenicity of COVID-19 vaccines
in patients with hematological malignancy: A systematic review and meta-analysis. Blood Adv. 2021, 6, 2014–2034. [CrossRef]
[PubMed]

28. Zamberg, I.; Mavrakanas, T.; Ernandez, T.; Bourquin, V.; Zellweger, M.; Marangon, N.; Raimbault, F.; Winzeler, R.; Iten, A.;
Hammer, N.; et al. Management and outcomes of patients on maintenance dialysis during the first and second wave of the
COVID-19 pandemic in Geneva, Switzerland. Swiss Med. Wkly. 2021, 151, w30006.

29. FOPH FOoPH. Coronavirus. 2021. Available online: https://www.bag.admin.ch/bag/en/home/krankheiten/ausbrueche-
epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov.html (accessed on 20 May 2020).

30. Sciences SAoM. Intensive Care Medicine: Triage under Resource Scarcity. 2021. Available online: https://www.samw.ch/en/
Ethics/Topics-A-to-Z/Intensive-care-medicine.html (accessed on 20 May 2020).

http://doi.org/10.1200/JCO.20.01307
http://doi.org/10.1016/S0140-6736(20)31173-9
http://doi.org/10.1182/bloodadvances.2021006333
http://www.ncbi.nlm.nih.gov/pubmed/34852173
https://www.bag.admin.ch/bag/en/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov.html
https://www.bag.admin.ch/bag/en/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov.html
https://www.samw.ch/en/Ethics/Topics-A-to-Z/Intensive-care-medicine.html
https://www.samw.ch/en/Ethics/Topics-A-to-Z/Intensive-care-medicine.html

	Introduction 
	Methods 
	Study Design and Eligility Criteria 
	Study Objectives and Statistical Analysis 

	Results 
	Patient Population 
	COVID-19 Treatment and Coutcome 
	COVID-19 Prognostic Factors in Cancer Patients 

	Discussion 
	Conclusions 
	References

