nature
cancer

ARTICLES

https://doi.org/10.1038/543018-020-00120-5

‘ '.) Check for updates ‘

Determinants of the outcomes of patients with
cancer infected with SARS-CoV-2: results from
the Gustave Roussy cohort

Laurence Albiges', Stéphanie Foulon?, Arnaud Bayle', Bertrand Gachot?, Fanny Pommeret'3,
Christophe Willekens?®, Annabelle Stoclin3, Mansouria Merad?, Frank Griscelli®, Ludovic Lacroix5,
Florence Netzer®, Thomas Hueso?*, Corinne Balleyguier’, Samy Ammari’, Emeline Colomba’,
Giulia Baciarello'!, Audrey Perret!, Antoine Hollebecque'?, Julien Hadoux’, Jean-Marie Michot?,
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Patients with cancer are presumed to be at increased risk of severe COVID-19 outcomes due to underlying malignancy and
treatment-induced immunosuppression. Of the first 178 patients managed for COVID-19 at the Gustave Roussy Cancer Centre,
125 (70.2%) were hospitalized, 47 (26.4%) developed clinical worsening and 31 (17.4%) died. An age of over 70 years, smok-
ing status, metastatic disease, cytotoxic chemotherapy and an Eastern Cooperative Oncology Group score of >2 at the last
visit were the strongest determinants of increased risk of death. In multivariable analysis, the Eastern Cooperative Oncology
Group score remained the only predictor of death. In contrast, immunotherapy, hormone therapy and targeted therapy did not
increase clinical worsening or death risk. Biomarker studies found that C-reactive protein and lactate dehydrogenase levels
were significantly associated with an increased risk of clinical worsening, while C-reactive protein and D-dimer levels were
associated with an increased risk of death. COVID-19 management impacted the oncological treatment strategy, inducing a

median 20 d delay in 41% of patients and adaptation of the therapeutic strategy in 30% of patients.

(COVID-19) outbreak had reached the Paris area, France.
Since then, all medical resources have been reorganized to
handle the pandemic. As a tertiary cancer center, Gustave Roussy
has followed two objectives: define processes to safely sustain cancer
care in a secured environment and reorganize internally to adapt its
capacities to hospitalize patients with cancer and COVID-19 illness.
Patients with cancer have been considered at increased risk of
COVID-19, on the rationale of the increased systemic immuno-
suppressive state caused by the underlying malignancy and anti-
cancer treatments. The first report from a retrospective cohort in
China suggested that patients with cancer were observed to have a
higher risk of severe events (for example, a composite endpoint of
intensive care unit (ICU) admission, invasive ventilation or death)
compared with patients without cancer (seven (39%) of 18 patients
versus 124 (8%) of 1,572 patients; P=0.0003) and that patients
with cancer deteriorated more rapidly than those without cancer’.
While general determinants of COVID-19 severity have emerged
from large cohorts from China and Italy*’, limited data are avail-
able on the specificity of patients with cancer to help the oncology

B y early March 2020, the spread of the coronavirus disease 2019

community to identify patients at risk of severe COVID-19.
Furthermore, the impact of COVID-19 infection on ongoing
cancer care is unexplored.

This study investigated the determinants of clinical worsening
and death, as well as the impact on cancer care, for the first patients
sequentially managed for COVID-19 and cancer in an academic
tertiary cancer center.

Results

Patient population. From 24 March 2020 until 29 April 2020,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was detected in 196 (12%) of 1,633 tests performed internally at the
Gustave Roussy Cancer Centre. Overall, 209 patients were identi-
fied (including a few identified by PCR with reverse transcription
(RT-PCR) performed at another facility and some diagnosed by
computed tomography scan alone) and the final study population
included 178 adult patients. The following were reasons for exclusion:
pediatric population (six patients); non-cancer patients (19 patients);
and COVID-19 ultimately ruled out (six patients). Baseline demo-
graphics, comorbidities and underlying cancer characteristics for

'Cancer Medicine Department, Gustave Roussy, Paris-Saclay University, Paris, France. ?Biostatistics Department, Gustave Roussy, Paris-Saclay University,
Paris, France. 3Interdisciplinary Cancer Course Department, Gustave Roussy, Paris-Saclay University, Paris, France. “Haematology Department,

Gustave Roussy, Paris-Saclay University, Paris, France. *Biopathology Department, Gustave Roussy, Paris-Saclay University, Paris, France. ®Pharmacy
Department, Gustave Roussy, Paris-Saclay University, Paris, France. 7Imaging Department, Gustave Roussy, Paris-Saclay University, Paris, France.

8Early Drug Development Department, Gustave Roussy, Paris-Saclay University, Paris, France. °Radiation Oncology Department, Gustave Roussy,
Paris-Saclay University, Paris, France. '°Paediatric Oncology Department, Gustave Roussy, Paris-Saclay University, Paris, France. "Gustave Roussy,
Paris-Saclay University, Paris, France. ?Aix Marseille University, CNRS, INSERM, CRCM, Marseille, France. ®e-mail: Fabrice. BARLES|@gustaveroussy.fr

NATURE CANCER | VOL 1| OCTOBER 2020 | 965-975 | www.nature.com/natcancer

965


mailto:Fabrice.BARLESI@gustaveroussy.fr
http://orcid.org/0000-0003-3968-8669
http://orcid.org/0000-0003-0934-294X
http://orcid.org/0000-0001-9866-6449
http://orcid.org/0000-0001-5795-8357
http://orcid.org/0000-0001-5793-3539
http://crossmark.crossref.org/dialog/?doi=10.1038/s43018-020-00120-5&domain=pdf
http://www.nature.com/natcancer

ARTICLES NATURE CANCER

Table 1] Patient characteristics Table 1| Patient characteristics (Continued)
Characteristic n (out of 178) Percentage Characteristic n (out of 178) Percentage
Gender Systemic treatments in the past 3 months
Male 76 42.7% Yes nz 66.9%
Female 102 57.3% Cytotoxic chemotherapy 66 371%
Age (years) Target therapy 30 16.9%
Median (Q1-Q3) 61.0 (52.0-71.0) Hormone therapy 16 10.3%
Mean (s.d.) 60.6 (14.8) Immune checkpoint inhibitor 19 10.7%
270 years old 50 281% #Two patients with a solid tumor had a history of hematological malignancy and six patients with
. a hematological malignancy had a history of solid tumor. ACUP, adenocarcinoma of unknown
Smoking primary; CNS, central nervous system; PS, performance status; Q1, first quartile; Q3, third quartile.
Never 89 50.6%
Former 43 24.4% the population are shown in Table 1. The study population included
@lrrent 20 1.4% 102 (57.3%) female patients with a median age of 61 years old and a
o median body mass index (BMI) of 25. Among 156 patients with a
LIS 24 13.6% history of solid tumor, the most frequent were breast cancer (20.5%),
Comorbidities gynecological cancer (14.7%), head and neck tumors (14.1%), gas-
Hypertension 65 36.5% trointestinal cancer (13.5%) and genitourinary malignancies (12.8%).
Diabetes 35 19.7% The most common hematological malignancy was mature B cell
neoplasm, in 15 patients. The disease status at the last oncological or
Dyslipidemia [ 9.0% hematological follow-up was remission or localized tumor with ongo-
Cardiac disease 9/21 5.1%/11.8% ing curative treatment in 70 patients (39.3%) and locally advanced or
(ischemic/other) metastatic disease in 108 patients (60.7%). The Eastern Cooperative
Chronic kidney disease 10 5.6% Oncology Group (ECOG) performance status at the last follow-up
Autoimmune disease 9 5 1% was Q—.l in 73% of patients. Systerr.lic anticancer treatment had been
Bl administered in the past 3months in 117 (66.9%) patients.
Median (Q1-Q3) 25.0 (22.0-28.0) Diagnosis. The vast majority of patients (n=138; 79.8%) presented
Mean (s.d.) 250 (4.9) with COVID-19 symptoms before any test or imaging. COVID-19
was suspected following symptoms prompting RT-PCR testing in
Sl 12 ki 134 patients (75.7%) and following incidental findings on a com-
18.5-25 64 39.3% puted tomography scan in 16 patients (9%), and was related to
25-30 62 38.0% systematic screening (before surgery or another treatment modal-
530 25 15.3% ity) in 27 patients (15.3%). The most common symptoms reported
= are presented in Table 2. COVID-19 diagnosis was established by
History of cancer SARS-CoV-2-positive nasal RT-PCR in 166 patients (93.8%) and
Solid tumors 156° by computed tomography scan alone (confirmed by observation of
Breast 32 20.5% the typical appearance of COVID-19 as defined by the American
) College of Radiology criteria for patients with a negative RT-PCR
Gynecological 23 14.7% test') in 11 patients (6.2%). Overall, 125 (70.2%) patients were hos-
Head and neck 22 14.1% pitalized for COVID-19 illness. The median time between the first
Ceseiniasingl 21 13.5% COVID-19 symptoms and admission was 4d (Q1-Q3=2-8). The
Genitourinary 20 12.8% median duration of hospital stay was 10d (range=1-40d).
Thoracic 17 10.9% COVID-19 systemic treatment. Based on the available data, sys-
Dermatology n 71% temic treatment for COVID-19 included a combination of hydroxy-
Others (endocrine, CNS, ACUP) 10 6.4% chloroquine and azithromycin in 45 patients (25.4%), a combination
) ) ) of lopinavir and ritonavir in five patients (2.9%), an immunomodu-
Hematological malignancies 30° latory interleukin-6 inhibitor (tocilizumab) in ten patients (5.6%)
Mature B cell neoplasm/myeloma 15 50.0% and steroids in 21 patients (11.9%), mostly administered intrave-
Acute myeloid leukemia 8 267% nously with either dexamethasone (20mg on days 1-3 and 10mg
. on days 4-6) or >1 mgkg"' equivalent prednisone (Supplementar
Hodgkin lymphoma 4 13:3% Table y1). Overall, 9lgp§tienctls (51.4%1)) received antil?())agulation}f
Others 3 10.0% Among these 91 patients, anticoagulation was administered with
Disease status thromboprophylaxis intent (low or intermediate risk: 62%; high risk:
Remiesen v e 70 39.3% 13%) or with curative intent (25%). Among hospitalized patients, 11
) ) patients (8.8%) experienced a documented bacterial infection, ten
aictiie/advaneedldieare 108 60.7% (8.1%) presented neurological or psychiatric symptoms and three
PS at last oncological visit (2.4%) developed a thromboembolic event.
0/1 129 72.9%
52 48 271% Outcome. At data cutoff on 6 May 2020, the median follow-up

. of the study population from COVID-19 diagnosis was 23d
Continued  (1-Q3=13-334d). Among the 178 patients, 47 developed clinical
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Table 2 | COVID-19 diagnosis characteristics

Table 3 | Clinical outcome and impact on oncological treatment

Characteristics n (out of 178)  Percentage Outcome n (out of 178) Percentage
Symptoms before test Hospital admission 125 70.2%
Yes 138 79.8% Clinical worsening 47 26.4%
No 35 20.2% Admission to ICU 16 9.0%
Symptoms reported At data cutoff

Fever 82 46.1% Death 31 17.4%
Dry cough 70 39.3% Primary cause of death: COVID-19 20

Fatigue 52 29.2% Primary cause of death: cancer n

Dyspnea 55 30.9% Never hospitalized 51 28.7%
Diarrhea 17 9.6% Still hospitalized 16 9.0%
Anosmia 17 9.6% Discharged 80 449%
Ageusia 14 7.9% Impact of COVID-19 on cancer treatment

Reported contact with patient with COVID-19 No change in strategy

Yes 31 18.6% No delay in ongoing treatment 5 28.8%
No 62 371% Delay in ongoing treatment 73 41.2%
NA 74 44.3% Change in strategy

COVID-19 diagnosis Dose modification 2 11%
RT-PCR SARS-CoV-2 166 93.8% Change of treatment modality 6 3.4%
CT scan alone n 6.2% Change of systemic therapy 7 4.0%
Extent of disease at first CT End of treatment (surveillance) 7 4.0%
None/minimal (<10%) 68 52.7% End of treatment (palliative care or 31 17.5%
Moderate/mild (10-24%) 32 24.8% death)

Extensive (25-49%) 18 14.0% NA !

Severe/critical (250%) n 8.5% Data cutoff was 6 May 2020. The median follow-up was 23d.

NA 4

No CT scan performed 45

CT, computed tomography; NA, not available.

worsening or died (Table 3), corresponding to a clinical
worsening-free survival rate of 73.7% (95% confidence inter-
val (CI)=66.2-79.9%) 21d after COVID-19 diagnosis. Sixteen
patients (9%) had been admitted to the ICU. The median time
from the first COVID-19 symptoms to clinical worsening was 7d
(minimum = 1 d; maximum = 19d). Overall, 31 patients died, corre-
sponding to an overall survival rate of 82% (95% CI=74.9-87.4%)
21d after COVID-19 diagnosis. Among them, the primary cause of
death was related to COVID-19 in 20 patients (64.5%) and to cancer
in 11 patients (35.5%).

Cancer-related determinants of clinical worsening-free and over-
all survival in patients with cancer and COVID-19. Univariable
and multivariable analyses of both clinical worsening-free and
overall survival are presented in Table 4. In univariable analysis, an
ECOG score of >2 at the last follow-up visit, smoking status (cur-
rent and former) and the use of cytotoxic chemotherapy in the past
3 months were significantly associated with clinical worsening-free
survival. A similar trend was observed according to the type of can-
cer (hematological malignancy). Determinants of increased risk of
death, in univariable analysis, were age>70years, smoking status
(current and former), an ECOG score of >2 at the last follow-up,
onco-hematological status (metastatic disease) and the use of cyto-
toxic chemotherapy in the past 3months (Figs. 1 and 2). Among
patients treated with cytotoxic chemotherapy in the past 3 months
and presenting clinical worsening (n=26), four out of five (80%)
patients in remission or with localized disease were admitted to the
ICU versus five out of 21 patients (24%) with locally advanced or
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metastatic disease (P=0.035). Conversely, hormone therapy, targeted
therapies and immune checkpoint inhibitors had no impact on the
COVID-19 outcomes. Only 11 patients (6%) were receiving radia-
tion therapy at the time of COVID diagnosis. Three patients pre-
sented with clinical deterioration (two with a gynecological cancer
and one with a renal cell carcinoma metastatic to the bone). Among
them, one patient eventually died from COVID-19. In multivariable
analysis, an ECOG score of >2 at the last follow-up was the strongest
determinant associated with both clinical worsening and death.

Baseline biological determinants of clinical worsening-free and
overall survival in patients with cancer and COVID-19. Several bio-
logical factors, markers of infection, inflammatory status and underly-
ing conditions have been investigated for their association with either
the risk of clinical worsening or the risk of death and are presented
in Table 5. Among these, C-reactive protein (CRP)>50mgml~!, pro-
calcitonin >0.5pgl™!, lymphopenia <500 cells per ul, monocytope-
nia <200 cells per pl, ferritin >1,000ngml~’, lactate dehydrogenase
(LDH) >2501U17, albumin<30gl™* and troponin>upper limit of
normal (ULN) were associated with a significantly increased risk of
both clinical worsening and death in univariable analysis. In multi-
variable analysis, CRP and LDH were significantly associated with an
increased risk of clinical worsening, and CRP and D-dimer >3 pgl™
were associated with an increased risk of death.

Impact of COVID-19 on oncological strategy. The results of a
post-COVID-19 first-month assessment were available for 146
patients: 75% reported persistent symptoms of asthenia, 42%
reported exertion dyspnea and 30% reported a cough. Among 141
patients with available information, 87 (62%) had cancer-specific
treatment already restarted or planned. The overall impact of
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COVID-19 on cancer treatment was assessed in the entire cohort
(Table 3), leading to no change in oncological care management in
51 patients (29%). These included 28 patients who were under sur-
veillance before COVID-19 and remained under surveillance, as well
as 22 patients with ongoing oncological or hematological treatment
for whom COVID-19 did not impact the ongoing care. In 73 patients
(41%), COVID-19 diagnosis induced a delay but no change in the
strategy, with a median delay of 20d (interquartile range (IQR):
12-304d) for systemic therapy and 28 d (IQR: 22-44d) for surgery or
ablative techniques. A change in oncological care management (such
as surgery anticipation or switch to radiotherapy) was reported in
4% of patients, and a change in systemic therapy was reported in
4% of patients. The COVID-19 illness led to a discontinuation of
cancer treatment in 4% of patients for the surveillance-only strat-
egy. Among patients with any impact (delay, change or end of treat-
ment), 78% of these changes were related to COVID-19, 18% were
related to underlying cancer progression and 4% were related to can-
cer treatment toxicity. Among 11 patients who were diagnosed with
COVID-19 while undergoing ongoing radiation therapy, four had
an interruption in the radiation plan, and among eight patients with
planned radiation therapy at the time of COVID-19 diagnosis, three
had the start of radiation treatment delayed by >7d.

Discussion

The outcomes of COVID-19 illness have been analyzed in previous
datasets>*° but data on predictors of disease severity specifically in
patients with cancer are limited and the impact on cancer treatment
is unknown. In this study, we report on COVID-19 management
at a tertiary cancer center and investigate determinants of clinical
worsening and death, as well as the impact on cancer care.

This study identified that 12% of the tested population were pos-
itive for COVID-19. COVID-19 led to a death rate of 17.4%, similar
to the concomitant mortality of admitted patients with COVID-19
in the Paris area (https://www.gouvernement.fr/info-coronavirus/
carte-et-donnees). Conflicting results have been reported recently
on a potential increased risk of severe COVID-19 outcome in
patients with cancer. A cohort of 5,688 patients, including 334
patients with cancer, did not identify any increased risk of death
in patients with cancer (HR=1.15 (95% CI=0.84-1.57))’, while an
analysis of 105 patients with cancer and 536 age-matched patients
without cancer suggested that patients with cancer have higher risks
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for all severe outcomes related to COVID-19 and an excess odds
ratio of 2.17 (P=0.06) for death®. More recently, the OpenSAFELY
study suggested there is increased COVID-19 mortality in patients
with a recent diagnosis of solid tumors®.

Recently, two large retrospective international cohorts have
been reported on, including all patients with cancer in the COVID-
19 and Cancer Consortium (CCC19) study’ and all patients with
thoracic cancer in the Thoracic Cancers International COVID-19
Collaboration (TERAVOLT) study’. Using a similar design, these
two studies investigated factors associated with COVID-19 mor-
tality. The design and results of these two studies, along with the
current study and two others, are presented in Table 6, which sum-
marizes the specificity of each cohort.

In our cohort, we observed a trend towards severe COVID-19
in patients with hematological malignancies (crude hazard ratio
(HR)=1.80 (95% CI=0.91-3.55); P=0.09), as reported in other
datasets®''. However, in our experience, this factor was not associ-
ated with a significant increased risk of death, potentially related
to both a more intensive care strategy and the limited number of
hematological patients in our cohort. The granularity of our data-
set has enabled the investigation of several determinants including
the impact of cancer status (remission or localized versus metastatic
or advanced), the impact of the systemic anticancer treatment used
and the ECOG performance status at the last oncological follow-up
before COVID-19 diagnosis. Our analysis suggests that cancer sta-
tus may not impact the risk of clinical worsening but seems to be
associated with an increased risk of death (univariable analysis).
With regard to systemic anticancer therapy, we did not identify a
detrimental effect of the use of immune checkpoint inhibitors, hor-
mone therapy or targeted therapy on the risk of clinical worsening
or death. While some initial reports suggested a potential increased
severity of COVID-19 with immune checkpoint inhibitors’, a more
recent dataset including two cohorts of patients with lung cancer
similarly concluded that programmed cell death protein 1 block-
ade exposure is not associated with an increased risk of severity
of COVID-19 (refs. '*'?). Conversely, the use of cytotoxic chemo-
therapy was associated with an increased risk of clinical worsen-
ing and death in univariable analysis and showed a trend for a
higher risk of death after adjustment of ECOG performance status
and cancer status in multivariable analysis. This may be partially
explained by more intensive care solicitation in patients receiving
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cytotoxic chemotherapy in the setting of remission or localized dis-
ease. Similarly, the UK Coronavirus Cancer Monitoring Project did
not identify evidence that patients with cancer who are on cytotoxic
chemotherapy or another anticancer treatment are at an increased
risk of mortality from COVID-19 disease compared with those not
on active treatment”. In our experience, an ECOG score of >2 at
the last oncological follow-up remains in multivariable analysis the
strongest determinant of both increased risk of clinical worsening
and increased risk of death.

Patient characteristics and prognostic models in our popula-
tion highlight the fact that patients with cancer may not harbor
the specific patterns of comorbidities reported in large COVID-19
series>”. Our dataset identified a trend towards worse outcomes in
patient with a BMI>30, but the lack of a significant impact of BMI
may be driven by underlying oncological disease and nutritional
status in advanced oncological states, as captured in patients with a
BMI <18.5 or albumin <30gl™" in our cohort.

Several datasets have reported on the association of current smok-
ing with favorable outcomes of COVID-19 (refs. >'*). Conversely,
we report a detrimental effect of current or former smoking status
on outcomes that may be driven by the underlying smoking-related
malignancies in our population.

Furthermore, we investigated the role of several biological mark-
ers in disease outcome in patients with cancer. While levels of CRP
and other inflammatory factors have been reported previously, we
identified lymphopenia and monocytopenia as relevant markers
associated with clinical worsening. Emerging data on a cohort of 142
patients in which blood markers (CRP, procalcitonin, interleukin-6,
lymphocyte count and viral load (ORF1ab Ct)) were explored as pre-
dictors of survival in patients with COVID-19 have recently shown
that lymphopenia is the strongest predictor for severity disease in
patients with COVID-19 (ref. *). Of note, lymphopenia has long
been established as a prognostic factor for overall survival in patients
with cancer’®. We report on the potential role of monocytopenia as
a predictor of clinical worsening. This finding is in line with recent
immune cell profiling of patients with COVID-19 identifying that
monocyte levels increased in patients in the early recovery stage
of COVID-19 (ref. 7). Additionally, recent evidence suggests that
pathological macrophages mostly derive from circulating mono-
cytes that massively infiltrate the lungs'®. Monocytes are considered
to have the potential to differentiate into pro-inflammatory mac-
rophages via activation of Janus kinase-signal transducer and acti-
vator of transcription (JAK-STAT) pathways and to contribute to
hyper-inflammation associated with COVID-19 (ref. ).

Our dataset explores the impact of COVID-19 on cancer man-
agement. Beyond the emerging data raising the concern of fewer
cancer diagnoses during the COVID-19 pandemic®, the impact
on ongoing cancer care, including delays of treatment and halt-
ing of clinical trials, has been identified*. Our dataset identified
a high incidence of delays, but the median time to anticancer sys-
temic therapy or rescheduled surgery was <1 month. To ensure
that patients continue to receive essential care while minimizing
exposure to SARS-CoV-2 infection, cancer centers have organized
their healthcare systems at an unprecedented scale and pace™. As
such, we have amended our CAPRI telemedicine program, which
was initially set up to monitor patients with cancer undergoing
oral therapy, to face the ongoing COVID-19 crisis. The remote
telemedicine monitoring strategy has been adapted to moni-
tor outpatients positive for COVID-19 after they have provided
informed consent®.

Our study did not address the management of our pediatric
patient population. At the institution level, it was decided that
all pediatric patients should be tested routinely, and among 122
patients <18years of age tested internally, 5% were found to be
positive (minimum =22 months; maximum = 13 years). Dedicated
analysis is planned for the management of this specific population.

Multivariable analysis
Pvalue (Wald)
0.02
0.61

2.63 (1.15-6.01)
1.27 (0.51-3.16)

HR (95% CI)

Overall survival
Pvalue (Wald)

0.025
0.009
0.002
0.01

Univariable analysis

HR (95% CI)

2.47 (112-5.46)
317 (1.34-7.51)
3.35 (1.57-712)
2.96 (1.29-6.79)

1
1
1
1

Neyents/ Mpatients
14/87
11/30
20/73
14/36
13/14
1/84
12/28

7/78

Pvalue (Wald)

0.43
0.0285

Multivariable analysis

Pvalue (Wald) HR (95% CI)

0.15

1.31(0.67-2.52)
2.31(1.09-4.88)

Clinical worsening
<0.0001
<0.0001
0.0001

Univariable analysis

HR (95% CI)

1.60 (0.84-3.05)
4.64 (2.28-9.45)
3.73 (2.05-6.79)
3.59 (1.88-6.88)

1
1
1
1

27/87
14/30
10/78
33/73
21/36
22/M4
19/84
18/28

Frequency (%)  Neyens/ Mpatients

17
87 (74%)

30 (26%)

151

114 (76%)

112

73 (48%)
36 (24%)
84 (75%)
28 (25%)

150

78 (52%)
The sample size varied between 157 and 112 patients, depending on the availability of samples for each laboratory test. The hazard ratio corresponds to the effect size of the covariable studied on the risk of clinical worsening or death. Statistical significance was determined by Cox

models using the Wald test. Due to the exploratory nature of the analyses, no formal adjustment for multiplicity was done. All tests were two sided and significance was accepted at the 5% level.

Table 5 | Biological determinants for clinical worsening and overall survival (Continued)

>3pgl”’
<2501UI"
>2501U
Albumin
<30gl™"
>30gl”
Troponin
<ULN
>ULN

D-dimer
<3pgl™
LDH
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Table 6 | Study design and results for five studies investigating COVID-19 mortality in patients with cancer infected with SARS-Cov-2

Data CCC19 (ref.?) UK Coronavirus Gustave Roussy cohort TERAVOLT™ Curie cohort**
Cancer Monitoring
Project”
Patients with 928 800 178 200 76
cancer (n)
Cancer population All cancers All cancers All cancers Thoracic cancer Breast cancer
Multicentric Yes Yes No Yes No
Median follow-up 21d Not specified 23d 15d Not specified
Primary endpoint All-cause mortality within 30d  All-cause mortality All-cause mortality and All-cause mortality Death or ICU
of diagnosis of COVID-19 clinical worsening-free admission
survival
Inclusion of No No Yes No Yes
biological findings
Inclusion of CT No No Yes No Yes
findings
Inclusion of type Yes (1month) Yes (1month) Yes (3 months) Yes (not specified) Yes (1month)
of cancer systemic
treatment used
(delay before
COVID-19)
Inclusion of Yes No Yes No Yes
COVID-19 systemic
treatment used
Inclusion of impact No No Yes No No
on cancer treatment
strategy after
COVID-19 diagnosis
Prognostic factors Increased age (per 10 years), Age, male sex, Age >70 years, smoking Age >65years, Age
of death studied in male sex, smoking status hypertension, status (current and smoking status (>70vyears)
univariable analysis ~ (former smoker versus cardiovascular former), ECOG score >2 (current versus former and

Prognostic factors
of death studied in
multivariate analysis

never smoked), number of
comorbidities (two versus
none), type of malignancy
(multiple cancers versus

only solid tumor), active
cancer (progressing

versus remission), ECOG
score >2 and azithromycin/
hydroxychloroquine treatment

Increased age (OR=1.84;
95% Cl=1.53-2.21), male sex

(OR=1.63; 95% Cl=1.07-2.48),

smoking status (OR=1.60;
95% Cl=1.03-2.47), number
of comorbidities (2 versus 0)

disease, COVID-
19 severity score,
ICU admission and
shortness of breath

None®

at last follow-up,
onco-hematological

status (metastatic
disease), use of cytotoxic
chemotherapy in past

3 months and levels of CRP,
procalcitonin, lymphopenia,
monocytopenia, ferritin,
LDH, albumin and troponin

ECOG score at last
follow-up >2 (HR=5.83;
95% Cl=2.60-13.1), CRP
levels (HR=2.80; 95%
Cl=1.01-7.78) and D-dimer
levels (HR=2.63; 95%

smoker), treatment
with chemotherapy,
presence of any
comorbidities and
dyspnea

Smoking history
(OR=318; 95%
Cl=111-9.06)

hypertension®

Not done

(OR=4.50; 95% =1.33-15.28),
ECOG score >2 (OR=3.89; 95%
Cl=2.11-718), active cancer
(progressing versus remission)
(OR=5.20; 95% Cl=2.77-
9.77) and azithromycin/
hydroxychloroquine treatment
(OR=2.93; 95% Cl=1.79-4.79)

Cl=115-6.01)

2Death or ICU admission. °Multivariable analysis was only done for cancer treatment. There was no significant effect on mortality for patients who received chemotherapy in the past 4 weeks,
immunotherapy, hormonal therapy, targeted therapy, or radiotherapy in the past 4 weeks. CT, computed tomography; OR, odds ratio.

The retrospective nature of this work from a single institution
and the heterogeneity of our cancer center population are inherent
limitations to our study. Due to the small sample size and relatively
low number of events, multivariable models were only adjusted
on the main prognostic factors. Some analyses may have failed to

identify other determinants of clinical deterioration and overall sur-
vival by lack of power. As a result of the testing strategy (mainly in
symptomatic patients who were likely to have more severe infection),
our results may not apply to asymptomatic and paucisymptomatic
patients with cancer. However, this highlights the challenges that
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cancer centers have faced when handling the COVID-19 pandemic:
the need for daily fine-tuned patient management and the need to
inform the community on strategies to ensure our patients with
cancer have access to essential care in an adjusted environment.

In summary, cancer centers had to face the COVID-19 outbreak
with the concomitant objective to secure patients’ care while pro-
tecting them from the infection. Globally, these objectives have
been reached, with COVID-19 outcomes comparable to those of the
general population and cancer care minimally delayed and already
safely restarted.

Methods

Statistics and reproducibility. Study design. We performed a retrospective
observational study to describe the management of adult patients with cancer
(solid tumors or hematological malignancies) managed at the Gustave Roussy
Cancer Centre after a diagnosis of SARS-CoV-2 infection (COVID-19) between
14 March 2020 and 29 April 2020. The modalities of COVID-19 diagnosis, clinical
presentation, treatments administered for COVID-19 and patient outcomes,
including impacts on cancer management, are reported. The aim of the study was
to identify clinical and biological prognostic factors of clinical worsening and/

or death. No statistical method was used to predetermine sample size. A total

of 31 observations were excluded from the final analysis: six pediatric patients;

19 patients who did not have cancer; and six patients in whom COVID-19 was
ultimately ruled out. Due to the retrospective nature of this study, there was neither
randomization nor blinding.

Measures. Prognostic factors included demography (age and gender), comorbidities,
solid tumor or hematological malignancies (tumor site and type, disease status

and treatment received) and biological factors from laboratory tests at COVID-

19 diagnosis. All of the measurements were performed independently in each
patient (no repeated measurements were done). Biological factors were categorized
using pre-defined threshold values based on normal value cutoffs or recently
published cutoffs for the study of COVID-19. Chest computed tomography imaging
characteristics, including the extent of lung involvement at diagnosis, were recorded.

Outcomes. The outcomes studied were clinical worsening-free survival and
overall survival. Clinical worsening-free survival was defined as the time from
COVID-19 diagnosis to clinical worsening (oxygen needs >61min~" or admission
to the ICU) or death. Overall survival was defined as the time from COVID-19
diagnosis to death from any cause. These outcomes were chosen because they are
objective, reliably recorded and reflect the increasing severity of COVID-19, as
recommended by the World Health Organization for the assessment of patients in
clinical studies™.

Statistical analysis. Descriptive statistics (numbers, percentages, medians, IQRs
and ranges) were used to describe population characteristics. The y* test (or
Fisher test) and Student’s t-test (or Wilcoxon test) were performed for intergroup
comparisons, as appropriate. Time-to-event endpoints (clinical worsening-free
survival and overall survival) were reported using the Kaplan-Meier method with
Rothman’s CIs. For the study of clinical and biological prognostic factors, Cox’s
proportional hazard models were used to provide Pvalues and HRs with associated
95% Cls in both univariable and multivariable analyses. The choice of variables

to include in the multivariable analyses was driven by the number of events
available (three to four variables were included for 47 clinical worsenings/deaths
and 31 deaths), the strength of the association in the univariable analyses and the
absence of collinearity between variables included in the model (assessed by y? test
and Fisher’s test for qualitative variables or Spearman’s correlation coefficient for
quantitative variables). The assumption of proportional hazards was checked by
testing the existence of an interaction between each variable and log[time] in each
model. Due to the exploratory nature of the analyses, no formal adjustment for
multiplicity was done. All tests were two sided and significance was accepted at the
5% level. The analyses were performed using SAS 9.4 software (SAS institute).

Database and ethical approval. Study data were collected and managed using
REDCap 9.8.4 tools hosted at the Gustave Roussy Cancer Centre**. In accordance
with the French regulations, there was no requirement for ethical approval to be
sought for this observational study, based on medical files. Conforming to the
General Data Protection Regulation and French law about clinical retrospective
studies, the patients included in our study all received an information notice
(non-opposal information) introducing the study, following information included
in Article 14 of the General Data Protection Regulation, and describing their
rights in relation to their data. This study was also declared to the Gustave Roussy
Cancer Centre’s data protection officer and registered on the website of the French
Healthcare Data Institute (declaration number: MR4911200520).

COVID-19 screening strategy. Due to testing resources, the screening strategy
for SARS-CoV-2 infection evolved over the course of the reported study. Initially,
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PCR testing was performed for symptomatic patients. Subsequently, there was
systematic screening of non-symptomatic patients scheduled for surgery and/or
radiation therapy, as well as in the pediatric population. Ultimately, testing was
offered to any patients with a solid tumor or hematological malignancies as part of
the ongoing ONCOVID clinical trial (Epidemiology of SARS-CoV-2 and Mortality
to COVID-19 Disease in French Cancer Patients; NCT04341207).

COVID-19 PCR testing. SARS-CoV-2 diagnostic testing of clinical samples by
RT-PCR was conducted from 14 March to 23 March at an outside facility (263
patients were tested, of whom 35 were found to be positive) using the Charité
protocol”. From 23 March, testing was performed internally at the Gustave Roussy
Cancer Centre.

Nasopharyngeal swab samples were collected using flocked swabs (Sigma
Virocult) and placed in viral transport media. SARS-CoV-2 RNA was detected
using a multiplex real-time RT-PCR diagnostic kit (the Applied Biosystems
TaqPath COVID-19 CE-IVD RT-PCR Kit) targeting three regions (ORF1ab,
nucleocapsid and spike genes) with the following modifications. Nucleic acids
were extracted from specimens using automated Maxwell instruments following
the manufacturer’s instructions (Maxwell RSC simplyRNA Blood Kit; AS1380;
Promega). Real-time RT-PCR was performed on the QuantiStudio 5 Dx Real-Time
PCR System (Thermo Fisher Scientific) in a final reaction volume of 20 pl,
including 5 pl of extracted nucleic acids. Samples were reported as positive if at
least two targets were detected.

COVID-19 and oncological treatment strategies. COVID-19 therapeutic
management has been defined through institutional guidelines (Extended Data
Fig. 1). These institutional guidelines were adjusted over time, depending on
emerging data from the pandemic***, clinical experience®~** and onsite activation
of clinical trials (NCT04331808, NCT04341207 and NCT04333914). The
oncological treatment strategy was adapted based on international and national
guidelines, as previously summarized™.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

The data underlying the findings of this study cannot be made freely

available because of ethical and legal restrictions. This is because the present study
includes an important number of variables that, together, could be used to re-identify
the patients based on a few key characteristics. However, data from this study can be
requested by filling out the data request form for Gustave Roussy clinical studies at
https://redcap.gustaveroussy.fr/redcap/surveys/?s=DYDTLPE4AM. The process is
similar for every study sponsored by Gustave Roussy. The study steering committee
and the sponsor will review the requests on a case-by-case basis. In case of approval, a
specific agreement between the sponsor and the researcher may be required for

data transfer.

Code availability
SAS software version 9.4 was used for the analysis without customization.
Statistical codes (SAS software) will be made available with the data if requested.
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Extended Data Fig. 1| Summary of COVID-19 treatments and symptom presentation. SOC, standard of care; ICU, intensive care unit HCQ,
hydroxychloroquine; AZI, azithromycin; DEXA, dexamethasone; TOCI, tocilizumab; LOPI, Lopinavir; RITO, Ritonavir; Cl, contraindication.
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Software and code

Policy information about availability of computer code

Data collection  Study data were collected and managed using REDCap® 9.8.4 (Research Electronic Data Capture) tools hosted at Gustave Roussy
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Data analysis Descriptive statistics (number, percentages, median, interquartile range (IQR) and
range) were used to describe population characteristics. The X2 test (or Fisher test)
and student test (or Wilcoxon test) were performed for inter-group comparisons, as
appropriate. Time-to-event endpoints (clinical worsening-free survival and overall
survival) were reported using the Kaplan-Meier method with Rothman’s 95%
confidence intervals (Cl). For the study of clinical and biological prognostic factors,
Cox’s proportional hazard models were used to provide p-values and Hazard Ratios

) with associated 95% Cl in both univariable 243 and multivariable analyses. The
choice of variables to include in the multivariable analyses were driven by the
number of events available (3-4 variables to include for 47 clinical worsenings/deaths
and 31 deaths), the strength of the association in the univariable analyses and the
absence of collinearity between variables included in the model (assessed by x2 test
and Fisher test for qualitative variables or Spearman correlation coefficients for
quantitative variables). The assumption of proportional hazards was checked by
testing the existence of an interaction between each variable and log(time) in each
model. Due to the exploratory nature of the analyses, no formal adjustment for
multiplicity was done. All tests were two-sided, and significance was accepted at the
5% level. The analyses were performed using SAS 9.4 software (SAS institute, Cary
NC).
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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

The data underlying the findings cannot be made freely available because of ethical
and legal restrictions. This is because the present study includes an important
number of variables that, together, could be used to re-identify the patients based on
a few key characteristics. However, data from this study can be requested by filling
out the data request form for Gustave Roussy clinical studies at:
https://redcap.gustaveroussy.fr/redcap/surveys/?s=DYDTLPE4AM.

The process is similar for every study sponsored by Gustave Roussy. The study
steering committee and the sponsor will review the requests on a case-by-case
basis. In case of approval, a specific agreement between the sponsor and the
researcher may be required for data transfer. Statistical codes (SAS software) will be
made available with the data, if requested.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size In this retrospective study,no power analysis was done to calculate the sample size, and the aim was descriptive in nature. We used data from
all the patients followed at Gustave Roussy and diagnosed COVID-19 between March 24th, 2020, until April 28th, 2020 corresponding to the
peak of the epidemy in Paris area.

Data exclusions 209 patients were identified and the final study population included 178 adult patients, with the following exclusions: paediatric population
(6) and non-cancer patients (19) or COVID-19 ultimately ruled out (6).

Replication All the measurements were independently done in each patients (no repeated measurements).
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Randomization  There was no randomization in this retrospective observationnal study.

Blinding There was no bliding in this retrospective observationnal study.
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  In accordance with the French regulations, there was no requirement for ethics approval to be sought for this observational study,
based on medical files. Conforming to GDPR and French law about clincal retrospective studies, patients included in our study have
all received an information notice (non-opposal information) introducing study, following information included in article 14 of GDPR,
and their rights about their data. This study was also declared to the Gustave Roussy’ s data protection officer on May 12th, 2020
then registered on the website of the Health Data French Institute, on May 20th, 2020 (declaration n ® MR4911200520).

Study protocol A synopsis of the study protocol has been posted on the website of the Health Data French Institue (https://www.indsante.fr/fr/
repertoire-public/etudes-sous-mr)

Data collection We performed a retrospective observational study to describe the management of adult patients with cancer (solid tumors or
haematological malignancies) managed at Gustave Roussy after a diagnosis of SARS-Cov-2 (COVID-19) infection between March 14th,
2020 and April 29th, 2020. Study data were collected and managed using REDCap® 9.8.4 (Research Electronic Data Capture) tools
hosted at Gustave Roussy

Outcomes The aim of the study was to identify clinical and biological prognostic factors of clinical worsening and/or death.
Measures
Prognostic factors included demography (age, gender), comorbidities, solid tumor or haematological malignancies (tumour site, type,
disease status, treatment received), and biological factors from lab tests at COVID-19 diagnosis. All the measurement were
independently done in each patient (no repeated measurements). Biological factors were categorized using pre-defined threshold
values based on normal value cut-offs or recently published cut-offs in COVID-19. Chest CT imaging characteristics including extent of
lung involvement at diagnosis were collected.
Outcomes
The outcomes studied were the clinical worsening-free survival (CWFS) and the overall survival (OS). CWFS was defined as the time
from COVID-19 diagnosis to clinical worsening (oxygen needs>6L/min or admission to intensive care unit) or death. OS was defined as
the time from COVID-19 diagnosis to death from any cause.
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