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BACKGROUND: Over 30 million COVID-19 cases have been diagnosed worldwide from late 2019. Among frail persons, cancer
patients are at high risk of death from COVID-19.

METHODS: The French prospective cohort ONCOVID-19 enrolled patients with solid or haematological tumour, receiving
anticancer treatment and presenting with clinical symptoms suggestive of COVID-19. COVID-19 was confirmed through detectable
SARS-CoV2 by RT-PCR (repeated twice if negative first) and/or specific CT-scan. The study aims to assess the 28-day mortality rate
after the first COVID test.

RESULTS: From March 1st to May 21st 2020, 23 French cancer centres and hospitals enrolled 1230 cancer patients with suspicion of
COVID-19, including 1162 (94.5%) matching the inclusion criteria. We identified 425 (36.6%) COVID-19 positive patients including
155 (13.3%) diagnosed with CT-scan only, while 737 (63.4%) patients were COVID-19 negative. Death at day-28 occurred in 116/425
(27.8%) COVID-19 positive patients, and in 118/737 (16.3%) COVID-19 negative patients (p < 0-0001). With a median follow-up of 2.1
(1.6-2.4) months, 310 (26.7%) deaths were reported including 143 (33.6%) in the COVID-19 positive population, and 167 (22.7%) in
the COVID-19 negative patients. Male gender, age, metastatic disease, immunosuppressive treatments, lymphopenia, COVID-19
diagnosis and diabetes were independent risk factors for death.

CONCLUSION: Patients with solid and haematological cancers presenting COVID-19 symptoms with SARS-CoV-2 RT-PCR confirmed
or not are both at high-risk of early mortality. COVID-19 is reported as the cause of death in 50% of COVID-19 positive patients with
cancer.

CLINICAL TRIAL REGISTRATION: This trial is registered with ClinicalTrials.gov, number NCT04363632.
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BACKGROUND prognosis with 60-80% 30-day mortality.'>”'® The retrospective

Over 30 million cases of COVID-19 have been diagnosed world-
wide, and across different countries, mortality rates range from 0.3
to 10% of cases confirmed, depending on local virology testing
policies."? Epidemiological studies show that the mortality rate of
COVID-19 is higher in frail persons. Older adults are at greater risk
of death or hospitalisation if diagnosed with COVID-19. Eight out
of 10 COVID-19 deaths reported in the United States have been
reported in adults 65 years old and older The most common
medical comorbidities were hypertension (16%), cardiovascular
disease (12%) and diabetes (10%).* Cancer patients, including
patients with active anticancer treatment or recovering from
cancer, are a highly vulnerable group at high risk of severe clinical
events and lethal complications of COVID-19.°7'® In most series,
cancer patients with documented COVID-19 have a dismal

study PRE-ONCOVID-19 conducted in over 400 cancer patients
previously reported a 30-day mortality of 20% in patients with
COVID-19 symptoms with or without detectable SARS-COV-2 on
RT-PCR.'® Other viral infections, such as seasonal influenza,
Influenza A HIN1 and SARS-CoV-1, were associated with high
mortality rates, often >15% in patients with cancer or immuno-
suppressed populations, in particular in patients with haematolo-
gic malignancies and pneumonia.'®?'

The diagnosis of COVID-19 remains challenging both for viral
diagnosis using RT-PCR and for serological testing.?>?* Patients
with cancer were reported to have a lower rate of seroconversion
after documented infection.?* CT-chest imaging may detect a high
proportion of COVID-19-infected patients who were negative on
RT-PCR testing.?®
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This French multicentric study enrolled patients with cancer
presenting with suspicion of COVID-19 in one of the authorised
investigation sites, for whom a documented COVID-19 diagnosis
(based on RT-PCR test or chest CT scan) was obtained. Cancer
patients were identified as COVID-19 positive (i.e. SARS-COV-2
RT-PCR positive or CT-scan positive) or COVID-19 negative (i.e.
SARS-COV-2 RT-PCR and CT-scan-negative) patients. The primary
objective was to describe the characteristics and outcome of
cancer patients, suspected to be infected by COVID-19, with
documented COVID-19-positive diagnosis (SARS-COV-2 RT-PCR+
or COVID-19-specific chest CT scan), or COVID-19- negative
diagnosis.

METHODS

Patients

This French academic multicentre observational prospective study
included all patients with cancer, aged =18 years, showing
symptoms suspicious for COVID-19 disease, attending one of the
participating centres for consultation appointment or hospitalised
from March 1st 2020 to May 21st 2020 and tested for COVID-19,
who were eligible. Patients had a confirmed diagnosis of any type
of solid or haematologic tumour, and had received an anticancer
curative treatment (cytotoxics, targeted treatment, immunother-
apy and locoregional procedures) within the last 3 months prior to
suspicion of COVID-19 infection, and had documented COVID-19
disease. Patients with febrile neutropenia were included. No
exclusion criteria were specified. This trial is registered with
ClinicalTrials.gov, number NCT04363632.

Centres

Twenty-three  Comprehensive Cancer Centers from UNICANCER
university and general hospitals participated in this research
(Supplementary Table S1). Local approval from the Data Protection
Officer of the sponsor centre Léon Bérard was obtained in
accordance with French national and European laws and directives.
The coordinating centre complies with the MR-004 French data
protection authority (CNIL) requirements (project reference: R201-
004-040). Patients received a patient information sheet, and were
offered the possibility to accept or refuse the participation to this
non-interventional study. Prospective enrolment occurred at each
investigational site as soon as authorised.

Procedures

From March 1st 2020 to May 21st 2020, the study was proposed to
all patients from the participating institutions tested for COVID-19
disease, with a positive or a negative result. Tests for COVID-19
were performed at each investigational site. The COVID-19
diagnosis used local RT-PCR testing and/or identified specific
signs of COVID-19 on CT-scan chest imaging i.e. ground-glass
opacity, and consolidative opacities (49-94% and 11-73%,
respectively, reported in previous literature), interlobular septal
thickening, pleural thickening and bronchiectasis. Regarding
lesion distribution, involvement of multiple lobes of both lungs
was common (65-97%). Peripheral zone and lower lobes were
more predisposed to be affected.>>?® In this pandemic context,
centres engaged their best efforts to comply to the national
recommendations in this epidemic context, and locally organised
reviews by experimented pneumologists and radiologists, but no
central review has been performed. All patients with respiratory
symptoms were tested by CT scan. Patients with COVID-19 clinical
symptoms and initial COVID-19-negative diagnosis by RT-PCR had
another RT-PCR test within the next 7 days; the date of initial
COVID-19 diagnosis procedure was retained in the case of results
confirmed as negative, and the second testing date was retained
for COVID-19-positive patients. SARS-CoV-2 RT-PCR diagnosis tests
were performed on nasopharyngeal swabs using the cobas® SARS-
CoV-2 Test (Roche, Neuilly, France) exploring ORF1/a and Pan
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SARS gene E. For each patient, a follow-up at 28 days after the
COVID-19 diagnosis test was performed and included seven
category scales and vital status updated once for all patients
28 days after the last patient accrued. Each investigational site
reported patient data in a secure database. Quality control of data
was performed using automatic data controls and remote
monitoring.

COVID-19-positive and -negative cohorts

Cancer patients with suspicion of COVID-19 were identified as
COVID-19 positive, based on SARS-COV-2 RT-PCR results, and in
the case of two consecutive negative RT-PCR tests, diagnosis used
typical CT-scan images. Cancer patients without detectable SARS-
CoV-2 by RT-PCR, repeated twice and without characteristic
images on CT scan, were identified as COVID-19-negative patients.

Objectives of the study, patient characteristics and outcome

The study aimed to describe clinical characteristics, treatment and
outcome of cancer patients presenting with COVID-19 symptoms
during the first pandemic wave in France. The primary endpoint of
the study is the mortality of cancer patients at day 28, defined as
the proportion of deaths 28 days after COVID-19 testing. Mortality
rate is presented in cancer patients with positive COVID-19
diagnosis and in patients with negative diagnosis. Secondary
endpoints included (1) description of patient characteristics
(demographics, tumour type, anticancer treatment, symptoms,
comorbidities and laboratory parameters), (2) overall survival (OS)
defined as the time from COVID-19 diagnosis test to the date of
death due to any cause, (3) primary cause of death, including
COVID-19-related deaths and (4) description of adverse events and
treatments after COVID-19 testing. Secondary objectives included
predictive factors for mortality in the global population of cancer
patients with COVID-19 symptoms and in COVID-19-positive
patients.

Statistics

This is a descriptive study. No sample-size calculation was
therefore imposed in the epidemic context at study initiation.
We nevertheless assumed that a 6-month recruitment period
should allow a minimum of 150 patients to be recruited.

Qualitative variables were described using frequencies and
percentages. Comparisons between groups were done using the
chi-square test. Quantitative variables were described using
median (Q1-Q3) and were compared between subgroups using
the Wilcoxon test.

Overall survival was estimated using the Kaplan-Meier method
and compared between subgroups using the Log-rank test.

Patient characteristics in the global population, in the COVID-
19-positive subgroup and in the COVID-19-negative subgroups,
were described and analysed according to the vital status at
28 days.

The multivariate model exploring independent parameters
associated with an increased risk of death at 28 days tested
gender, age, history of cardiovascular disease, history of diabetes,
history of autoimmune/inflammatory disease, smoker status, time
from the date of cancer diagnosis to the date of COVID-19 testing,
type of tumour, presence of metastatic disease, lung metastases
(solid tumours), lymphopenia, time from the date of surgery to the
date of the test, ongoing corticotherapy and overall COVID-19 test
result (COVID-19 Positive [RT-PCR +, CT scan+]/COVID-19 Nega-
tive diagnosis). Analyses were conducted in the global population
and in the COVID-19-positive population. A backward selection
procedure with a cut-off p-value of 0.05 was used for the final
multivariate model. Variables with too many missing data (>15%)
e.g. baseline CRP levels, were not included in the multivariate
model. Missing values for the response or explanatory variables
led to the deletion of 164 (14.1%) in the global population,
and 58 (13.6%) observations in the COVID-19- positive population.
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Study flowchart. COVID-19 diagnosis was positive based on positive RT-PCR results (*RT-PCR+), OR specific radiological signs of

A\ 4

~

Negative COVID-19 diagnosis
(N=737)

- 403 patients RT-PCR—, no radiological signs

- 334 patients RT-PCR—, no CT-scan performed

)

COVID-19 on chest CT scan (**CT scan-+). COVID-19 diagnosis was negative if RT-PCR result was negative AND (i) no specific radiological signs
of COVID-19 on chest CT scan; (ii) no chest CT scan performed. A failure for COVID-19 diagnosis is reported in the absence of RT-PCR test and
no evidence of COVID-19 radiological signs on chest CT scan. £ Non-exclusive reasons.

The data cut-off was June 12th 2020. Statistical analyses were
performed using SAS (version 9.4).

RESULTS

Description of the population

From March 1st 2020 to May 21st 2020, 23 investigational sites
enrolled 1230 patients with cancer and suspected for COVID-19,
including 1162 (94.5%) cancer patients meeting criteria for
eligibility, with a confirmed diagnosis of solid or haematologic
cancer, any cancer treatment (SACT, RT or surgery) within the last
3 months from COVID-19 diagnosis and a documented COVID-19
diagnosis procedure (Fig. 1).

Among the 1162, 425 (36.6%) patients had positive COVID-19
confirmed, including 270/425 (63.5%) patients PCR+ (with or
without radiological signs on CT scans), and 155/425 (36.5%) CT+,
with other infection being excluded. A total of 737 (63.4%)
patients were classified as COVID-19 negative by PCR with no
radiological signs on CT scan or no CT-scan imaging performed
(Fig. 1).

The demographic, clinical and tumour characteristics of the
global, COVID-19-positive and COVID-19-negative populations are
described in Table 1. The 1162 cancer patients consulting for a
suspected COVID-19 had a median age of 63 (53-72) years, 553
(47.6%) were male. In total, 162 (13.9%) had haematologic
malignancies, among them 47 (29%) patients had non-Hodgkin
lymphomas. In total, 1000 (86.1%) patients had solid tumours, 676
(58.2%) had metastasis, including 294 (25.3%) patients with lung
metastasis. At the time of the COVID-19 diagnosis procedure, 700

(60.2%) patients had received chemotherapy in the last three
months, 323 (27.8%) combination of cytotoxic treatment, 200
(17.2%) had received targeted therapy and 182 immunotherapy,
mostly anti-PD1 (N=132, 11.4%). In total, 658 (56.7%) patients
were receiving anticancer treatments, and 249 (21.4%) patients
were receiving corticosteroid therapy.

Subgroups of cancer patients with positive and negative COVID-
19 diagnosis showed few differences in baseline characteristics.
There were less male patients, less metastatic patients and less
patients with ongoing treatments in the COVID-19-positive group
(Table 1). Patients with confirmed COVID-19-positive diagnosis
identified by RT-PCR had more haematologic malignancies, and
had less frequently metastatic disease (Table 1).

Clinical symptoms and hospitalisation in COVID-19-positive and
-negative patients

The main symptoms are shown in Table 2, and included fever
(N=746, 64.6%), cough (N=495, 43.3%), dyspnoea (N =473,
41.1%), respiratory tract infection (N = 209, 18.4%) and pneumonia
(N =125, 10.9%). COVID-19-positive patients had more frequently
cough (N = 224, 53.7%), dysgueusia (N = 38, 10.5%), anosmia (N =
34, 9.4%), respiratory tract infection (N = 142, 34.6%), pneumonia
(N=280, 19.2%) and dyspnoea (N =201, 47.9%) (Supplementary
Table S2A). Among the 425 COVID-19-positive patients, 412
(96.9%) required hospitalisation, including intensive care unit for
33 (10.1%) patients. The median duration of hospitalisation was 7
(1-107) days (Supplementary Table S2B). Of note, data were
exclusively collected in the COVID-19-positive patients. Treat-
ments during hospitalisation included antibiotics (N = 221, 65.4%),
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Table 1. Patient demographics and baseline characteristics in the global population, in the COVID-19 positive and in the COVID-19 negative groups
COVID-19 diagnosis Included Test
patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N=270 N=155 N =425 N=1162
Gender Chi-2 P=0.007
Male 369 106 78 184 553
(50.1%) (39.3%) (50.3%) (43.3%) (47.6%)
Female 368 164 77 241 609
(49.9%) (60.7%) (49.7%) (56.7%) (52.4%)
Age (years) T-test P=0.616
Kruskal-Wallis
P=0.491
N 737 270 155 425 1162
Median (Q1; Q3) 63.0 64.0 62.0 63.0 63.0
(53.0; 72.0) (54.0; 74.0) (52.0; 74.0) (53.0; 74.0) (53.0; 72.0)
BMI Chi-2 P=0.395
Missing 148 62 35 97 245
<18.5 71 19 12 31 102
(12.1%) (9.1%) (10.0%) (9.5%) (11.1%)
[18.5-25] 306 100 64 164 470
(52.0%) (48.1%) (53.3%) (50.0%) (51.3%)
[25-30] 140 52 25 77 217
(23.8%) (25.0%) (20.8%) (23.5%) (23.7%)
[30-40] 69 33 18 51 120
(11.7%)  (159%)  (150%)  (155%)  (13.1%)
>=40 3 4 1 5 8
(0.5%) (1.9%) (0.8%) (1.5%) (0.9%)
ECOG—Performance status Chi-2 P=0.078
Missing 1 0 0 0 1
Not done 238 77 47 124 362
0 51 31 14 45 96
(10.2%) (16.1%) (13.0%) (15.0%) (12.0%)
1 138 58 23 81 219
(27.7%) (30.1%) (21.3%) (26.9%) (27.4%)
2 178 52 33 85 263
(35.7%) (26.9%) (30.6%) (28.2%) (32.9%)
3 114 41 31 72 186
(22.9%) (21.2%) (28.7%) (23.9%) (23.3%)
4 17 11 7 18 35
(3.4%) (5.7%) (6.5%) (6.0%) (4.4%)
Seven category scale (baseline) Chi-2 P=<0.001
Missing 4 1 0 1 5
Not hospitalised with resumption of normal 598 173 95(61.3%) 268 866
activities/Not hospitalised but unable to resume (81.6%) (64.3%) (63.2%) (74.8%)
normal activities/Hospitalised, not requiring
supplemental oxygen
Hospitalised, requiring supplemental oxygen, or 135 96 60 156 291
nasal high-flow oxygen therapy or non-invasive (18.4%) (35.7%) (38.7%) (36.8%) (25.2%)
mechanical ventilation or both, or ECMO or invasive
mechanical ventilation or both, or death
Medical history-cerebrovascular disease Chi-2 P=0.313
Unknown 3 1 0 1 4
No 694 250 142 392 1086
(94.6%) (92.9%) (91.6%) (92.5%) (93.8%)
Yes 40 19 13 32 72
(5.4%) (7.1%) (8.4%) (7.5%) (6.2%)
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Table 1. continued

COVID-19 diagnosis Included Test
- — patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N=270 N=155 N =425 N=1162
Cardiovascular disease Chi-2 P=0.750
Unknown 1 0 0 0 1
No 400 143 88 231 631
(54.3%) (53.0%) (56.8%) (54.4%) (54.3%)
Yes 336 127 67 194 530
(45.7%) (47.0%) (43.2%) (45.6%) (45.7%)
Respiratory disease Chi-2 P=0.380
Unknown 3 0 0 0 3
No 605 229 134 363 968
(82.4%) (84.8%) (86.5%) (85.4%) (83.5%)
Yes 129 41 21 62 191
(17.6%) (15.2%) (13.5%) (14.6%) (16.5%)
Diabete (Insulin-dependent type 1 diabetes and type 2 Chi-2 P=0.696
diabete)
Unknown 3 1 1 2 5
No 627 224 130 354 981
(85.4%) (83.3%) (84.4%) (83.7%) (84.8%)
Yes 107 45 24 69 176
(14.6%) (16.7%) (15.6%) (16.3%) (15.2%)
Inflammatory and/or autoimmune diseases receiving Chi-2 P=0.690
immunosuppressive treatment
Unknown 4 2 1 3 7
No 715 259 149 408 1123
(97.5%) (96.6%) (96.8%) (96.7%) (97.2%)
Yes 18 9 5 14 32
(2.5%) (3.4%) (3.2%) (3.3%) (2.8%)
Immunodeficiency Chi-2 P=0.292
Unknown 2 2 0 2 4
No 717 258 148 406 1123
(97.6%) (96.3%) (95.5%) (96.0%) (97.0%)
Yes 18 10 7 17 35
(2.4%) (3.7%) (4.5%) (4.0%) (3.0%)
Organ deficiency (hepatic, renal...) Chi-2 P=0.032
Unknown 0 3 1 4
No 611 233 139 372 983
(82.9%) (87.3%) (90.3%) (88.4%) (84.9%)
Yes 126 34 15 49 175
(17.1%) (12.7%) (9.7%) (11.6%) (15.1%)
Organ and/or stem cell transplants Chi-2 P=0.337
Unknown 1 2 2 4 5
No 727 262 152 414 1141
(98.8%) (97.8%) (99.3%) (98.3%) (98.6%)
Yes 9 6 1 7 16
(1.2%) (2.2%) (0.7%) (1.7%) (1.4%)
Smoker status Chi-2 P=0.013
Missing 2 0 4 4 6
Unknown 79 31 21 52 131
No smoker 320 148 68 216 536
(48.8%) (61.9%) (52.3%) (58.5%) (52.3%)
Current smoker 124 33 20 53 177
(18.9%) (13.8%) (15.4%) (14.4%) (17.3%)
Weaning 212 58 42 100 312
(32.3%) (24.3%) (32.3%) (27.1%) (30.4%)
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Table 1. continued

COVID-19 diagnosis Included Test
- — patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N =270 N=155 N =425 N=1162
Anti-hypertensive treatment (ARA2, IEC) Chi-2 P=0.237
Missing 0 0 1 1 1
Unknown 40 14 14 28 68
No 504 171 97 268 772
(72.3%) (66.8%) (69.3%) (67.7%) (70.6%)
Yes 193 85 43 128 321
(27.7%) (33.2%) (30.7%) (32.3%) (29.4%)
Type of tumour Chi-2 P=0.011
Haematologic malignancies 101 49 12 61 162
(13.7%) (18.1%) (7.7%) (14.4%) (13.9%)
Solid tumours 636 221 143 364 1000
(86.3%) (81.9%) (92.3%) (85.6%) (86.1%)
If Haematologic malignancies, specify Chi-2 P=0.851
Acute leukaemia 0 1 0 1 1
(0.0%) (0.4%) (0.0%) (0.2%) (0.1%)
Acute lymphoblastic leukaemia 7 1 0 1 8
(0.9%) (0.4%) (0.0%) (0.2%) (0.7%)
Acute myeloblastic leukaemia 14 7 0 7 21
(1.9%) (2.6%) (0.0%) (1.6%) (1.8%)
Chronic myeloid leukaemia 5 2 1 3 8
(0.7%) (0.7%) (0.6%) (0.7%) (0.7%)
Hodgkin Disease 7 4 1 5 12
(0.9%) (1.5%) (0.6%) (1.2%) (1.0%)
Non-Hodgkin lymphomas 29 16 2 18 47
(3.9%) (5.9%) (1.3%) (4.2%) (4.0%)
Chronic Lymphocytic Leukaemia 4 2 1 3 7
(0.5%) (0.7%) (0.6%) (0.7%) (0.6%)
Multiple myelome 25 10 5 15 40
(3.4%) (3.7%) (3.2%) (3.5%) (3.4%)
Other 10 6 2 8 18
(1.4%) (2.2%) (1.3%) (1.9%) (1.5%)
If solid tumours, primary tumour site, Malignant Chi-2 P=0.089
neoplasms of
Lip, oral cavity and pharynx 64 21 14 35 929
(8.7%) (7.8%) (9.0%) (8.2%) (8.5%)
Gastrointestinal 97 29 19 48 145
(13.2%) (10.7%) (12.3%) (11.3%) (12.5%)
Respiratory, thoracic 134 36 36 72 206
(18.2%) (13.3%) (23.2%) (16.9%) (17.7%)
Melanoma and other malignant neoplasms of skin 9 9 2 11 20
(1.2%) (3.3%) (1.3%) (2.6%) (1.7%)
Breast 133 53 32 85 218
(18.0%) (19.6%) (20.6%) (20.0%) (18.8%)
Uro-genital 106 49 27 76 182
(14.4%) (18.1%) (17.4%) (17.9%) (15.7%)
Eye, brain and other parts of central nervous system 23 1 4 15 38
(3.1%) (4.1%) (2.6%) (3.5%) (3.3%)
Thyroid and other endocrine glands 8 4 2 6 14
(1.1%) (1.5%) (1.3%) (1.4%) (1.2%)
Other 62 9 7 16 78
(8.4%) (3.3%) (4.5%) (3.8%) (6.7%)
Metastatic disease Chi-2 P=0.004
No 296 135 55 190 486
(40.2%) (50.0%) (35.5%) (44.7%) (41.8%)
Yes 441 135 100 235 676
(59.8%) (50.0%) (64.5%) (55.3%) (58.2%)
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Table 1. continued

COVID-19 diagnosis Included Test
patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N=270 N=155 N =425 N=1162
Presence of pulmonary metastasis Chi-2 P=0.047
No 536 217 115 332 868
(72.7%) (80.4%) (74.2%) (78.1%) (74.7%)
Yes 201 53 40 93 294
(27.3%) (19.6%) (25.8%) (21.9%) (25.3%)
Time from the date of diagnosis to the date of COVID T-test P=0.936
test (months) Kruskal-Wallis P =
0.215
N 736 268 155 423 1159
Median (Q1-Q3) 12.1 1.5 18.8 134 12.8
(4.5; 42.2) (4.0;37.0) (5.4;44.5) (43,409 (4.4;41.8
Chemotherapy Chi-2 P=0.253
No 287 104 71 175 462
(38.9%) (38.5%) (45.8%) (41.2%) (39.8%)
Yes 450 166 84 250 700
(61.1%) (61.5%) (54.2%) (58.8%) (60.2%)
Class of chemotherapy
Alkylating agents 40 24 13 37 77
(5.4%) (8.9%) (8.4%) (8.7%) (6.6%)
Antimetabolites 51 22 12 34 85
(6.9%) (8.1%) (7.7%) (8.0%) (7.3%)
Anthracyclines 18 5 2 7 25
(2.4%) (1.9%) (1.3%) (1.6%) (2.2%)
Topoisomerases I/Il inhibitors 6 3 2 5 1
(0.8%) (1.1%) (1.3%) (1.2%) (0.9%)
Taxanes 43 18 14 32 75
(5.8%) (6.7%) (9.0%) (7.5%) (6.5%)
Mitotic inhibitors 16 5 6 11 27
(2.2%) (1.9%) (3.9%) (2.6%) (2.3%)
Combination 220 75 28 103 323
(20.9%)  (27.8%)  (181%)  (242%)  (27.8%)
Other 56 14 7 21 77
(7.6%) (5.2%) (4.5%) (4.9%) (6.6%)
Targeted therapy Chi-2 P=
0.883
No 613 221 128 349 962
(83.2%) (81.9%) (82.6%) (82.1%) (82.8%)
Yes 124 49 27 76 200
(16.8%) (18.1%) (17.4%) (17.9%) (17.2%)
Class of targeted therapy
Anti HER/ERBB 25 9 6 15 40
(3.4%) (3.3%) (3.9%) (3.5%) (3.4%)
Anti-angiogenic 27 14 6 20 47
(3.7%) (5.2%) (3.9%) (4.7%) (4.0%)
PI3K-AKT-mTOR Inhibitors 5 2 3 5 10
(0.7%) (0.7%) (1.9%) (1.2%) (0.9%)
RAS-RAF-MEK-ERK Inhibitors 5 2 0 2 7
(0.7%) (0.7%) (0.0%) (0.5%) (0.6%)
BCR-ABL, KIT Inhibitors 12 5 3 8 20
(1.6%) (1.9%) (1.9%) (1.9%) (1.7%)
MET Inhibitors 2 0 0 0 2
(0.3%) (0.0%) (0.0%) (0.0%) (0.2%)
Other 48 17 9 26 74
(6.5%) (6.3%) (5.8%) (6.1%) (6.4%)
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Table 1. continued

COVID-19 diagnosis Included Test
- — patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N =270 N=155 N =425 N=1162
Immunotherapy Chi-2 P=0.775
No 622 230 128 358 980
(84.4%) (85.2%) (82.6%) (84.2%) (84.3%)
Yes 115 40 27 67 182
(15.6%) (14.8%) (17.4%) (15.8%) (15.7%)
Type of immunotherapy
Anti CTLA4 2 1 0 1 3
(0.3%) (0.4%) (0.0%) (0.2%) (0.3%)
Anti-PD1 83 26 23 49 132
(11.3%) (9.6%) (14.8%) (11.5%) (11.4%)
Anti-CD20 13 9 1 10 23
(1.8%) (3.3%) (0.6%) (2.4%) (2.0%)
Other 17 4 3 7 24
(2.3%) (1.5%) (1.9%) (1.6%) (2.1%)
Other anticancer treatment
Missing 1 0 0 0 1
No 529 193 112 305 834
(71.9%) (71.5%) (72.3%) (71.8%) (71.8%)
Surgery 64 18 14 32 96
(8.7%) (6.7%) (9.0%) (7.5%) (8.3%)
Radiotherapy 113 38 19 57 170
(15.4%) (14.1%) (12.3%) (13.4%) (14.6%)
Other 30 21 10 31 61
(4.1%) (7.8%) (6.5%) (7.3%) (5.3%)
Duration from last cancer treatment to COVID-19
diagnosis (months)
Chemotherapy
N 443 166 84 250 693
Median (Q1; Q3) 0.5 04 0.5 0.5 0.5
(0.2; 0.8) (0.2; 0.9) (0.2; 0.9) (0.2; 0.9) (0.2; 0.8)
Targeted therapy
N 115 40 24 64 179
Median (Q1; Q3) 0.2 0.2 0.3 0.3 0.2
(0.0; 0.5) (0.0; 0.5) (0.1, 0.8) (0.0; 0.6) (0.0; 0.6)
Immunotherapy
N 107 39 27 66 173
Median (Q1; Q3) 0.7 0.7 0.7 0.7 0.7
(0.4; 0.9) (04; 1.1) 0.3; 1.2) (0.4; 1.1) (0.4; 1.0)
Surgery
N 64 18 14 32 96
Median (Q1; Q3) 0.5 1.0 0.5 0.7 0.5
(0.1; 1.1) (0.4, 1.7) (0.1; 0.8) (0.2, 1.2) 0.1; 1.1)
Radiotherapy
N 109 35 17 52 161
Median (Q1; Q3) 0.5 0.1 0.1 0.1 0.4
(0.1; 1.6) (0.0; 0.5) (0.1; 1.4) (0.0; 0.8) 0.1; 1.4)
Current response to anticancer treatment (at the time of Chi-2 P=<0.001
COVID-19 diagnosis)
Missing 2 0 1 1 3
CR 31 27 10 37 68
(4.2%) (10.0%) (6.5%) (8.7%) (5.9%)
PR 70 18 14 32 102
(9.5%) (6.7%) (9.1%) (7.5%) (8.8%)
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Table 1. continued
COVID-19 diagnosis Included Test
- — patients
Negative  Positive
Negative ~ RT-PCR+  CT-scan+  Subtotal
N=737 N=270 N=155 N=425 N=1162
SD 118 34 19 53 171
(16.1%) (12.6%) (12.3%) (12.5%) (14.8%)
PD 167 38 41 79 246
(22.7%) (14.1%) (26.6%) (18.6%) (21.2%)
NE 349 153 70 223 572
(47.5%) (56.7%) (45.5%) (52.6%) (49.4%)
Continuation of anticancer treatment during the study Chi-2 P=0.002
Missing 1 0 0 0 1
No 290 135 78 213 503
(39.4%) (50.0%) (50.3%) (50.1%) (43.3%)
Yes 446 135 77 212 658
(60.6%) (50.0%) (49.7%) (49.9%) (56.7%)
Corticotherapy as anticancer treatment Chi-2 P=0.390
No 570 219 124 343 913
(77.3%) (81.1%) (80.0%) (80.7%) (78.6%)
Yes 167 51 31 82 249
(22.7%) (18.9%) (20.0%) (19.3%) (21.4%)
BMI body mass index, ECOG-PS Eastern Cooperative Oncology Group performance status, ECMO extracorporal membrane oxygenation, ARA2 angiotensin
receptor 2, IEC angiotensin converting enzyme, KW Kruskal-Wallis.
Data are expressed n (%), and median (Q1-Q3).

oxygen (N =179, 53%), glucocorticoid therapy (N =47, 13.9%) and
non-invasive ventilation (N =40, 11.9%).

Survival

In total, 234 (20.5%) deaths within 28 days occurred in the global
population (N=1162), including 116/425 (27.8%) in COVID-19-
positive patients and 118/737 (16.3%) in COVID-19-negative
patients (Fig. 2a p <0.0001) (see also Supplementary Table S3).
With a median follow-up of 2.1 (1.6-2.4) months, 310 (26.7%)
deaths were reported, including 143 (33.6%) deaths in the COVID-
19-positive population. According to investigators, 73 (51%)
COVID-19-specific death occurred in the COVID-19-positive group;
other primary causes of death were cancer (N =50, 34.9%), and
other causes (20, 13.9%). Investigators reported the cause of
deaths, and in the case of COVID-19-specific death, this
information was documented on death certificate. In the 737
COVID-19-negative patient population, 167 (22.7%) deaths
occurred: the physicians in charge reported deaths as related to
cancer (N =138, 82.6%), while 29 (17.4%) deaths were attributed
to other causes.

Figure 2 shows the differential survival between the COVID-19-
negative patients and -positive patients as a whole (Fig. 2a, p <
0.001), and in 3 subgroups (Fig. 2B) COVID-19 patients (i) positive
according to RT-PCR, (ii) positive according to CT scan and (iii)
negative for COVID-19 RT-PCR results with inconclusive chest X-ray
or CT scans. The two COVID-19-positive subgroups showed no
statistically significant differences in survival (p = 0.1508), though
COVID-19-positive patients identified by chest CT-scan only
(without detectable SARS-COV-2 on RT-PCR) had graphically a
worse survival.

Predictive factors for death

Predictive factors for death within 28 days in the global
population and in the COVID-19-positive population (RT-PCR+
and/or CT-scan+) were investigated (Supplementary Table S4).

Baseline CRP levels were missing in N =269 (23.0%) patients.
The median baseline CRP level in the global population was 70.2
(25-145) mg/L, 57.3 (20-122) mg/L in patients alive at day 28, vs
135.3 mg/dL (71-219) in patients who died before day 28. Among
the 893 patients with CRP measured at baseline, death at day 28
occurred in 50 of the 446 (11.4%) patients with <70 mg/L baseline
CRP, and 150/447 (33.7%) with >70 mg/L baseline CRP (p < 0.001),
and in 24/159 (15.3%) and 76/166 (46.1%) in the COVID-19-
positive subgroup (p <0.001) (Fig. 3). A baseline CRP > 70 mg/L
was found associated with a major increase of the risk of death at
day 28 for cancer patients with COVID-19. However, the 23% rate
of missing values prevented this variable to be included in the
multivariate model.

Multivariate analyses show that male gender, metastatic
disease, history of inflammatory or autoimmune disease receiving
immunosuppressive treatments, lymphopenia (<0.7 G/L), diabetes
and SARS-COV-2 positivity (see details in the table) were
significantly associated with increased mortality in the global
population (Table 2A).

In the COVID-19-positive patient population, male gender,
metastatic disease, history of inflammatory or autoimmune
disease receiving immunosuppressive treatments and lymphope-
nia <0.7 G/L were predictive factors for death (Table 2B).

Lymphopenia <0.7 G/L and metastatic status were independent
risk factors of death in the global population and in the COVID-19-
positive population (Table 2). Survival curves according to
lymphocyte rate and metastatic status in the COVID-19-positive
and COVID-19-negative population are presented in Supplemen-
tary Fig. S1.

None of the histotypes of cancer and none of the classes of
anticancer treatment (cytotoxics, anti-CD20, targeted therapy
excluding antiangiogenics, PD1 and other checkpoint inhibitors)
were significantly associated with an increased risk of death in
univariate or multivariate analysis in the global population and in the
COVID-19-positive population (Table 2, Supplementary Figs. S1-S3).
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Table 2. Multivariate analysis of risk factors for death at day 28 in (A) global population and (B) in COVID-19 positive patients.

Odds ratio estimates

Effect Point estimate  95% Wald P>y

confidence limits

(A) Global population

Gender 1.836 1.328 2.539 0.0002
Male vs Female

History of diabetes 1.645 1.083 2.500 0.0197
Yes vs No

History of inflammatory and/or autoimmune diseases receiving immunosuppressive treatment  3.205 1.392 7.376 0.0062
Yes vs No

Metastatic disease 2.844 1.975 4.097 <0.0001
Yes vs No

Lymphocytes (baseline) 1.813 1.315 2.501 0.0003

<0.7 G/L vs >0.7 G/L

COVID-19 diagnosis result <0.0001
COVID-19 Positive diagnosis (RT-PCR+) vs Negative diagnosis 2.192 1.5052 3.194
COVID-19 Positive diagnosis (CT-scan+) vs Negative diagnosis 2112 1.358 3.285

(B) COVID-19 positive population

Gender 2.398 1477 3.893 0.0004
Male vs Female

History of Inflammatory and/or autoimmune diseases receiving immunosuppressive treatment  4.441 1.269 15.545 0.0197
Yes vs No

Metastatic disease 3.232 1.898 5.505 <0.0001
Yes vs No

Lymphocytes 1.970 1.204 3.222 0.0070
<0.7 G/L vs >0.7 G/L

(A) Gender, age, history of cardiovascular disease, history of diabetes, history of autoimmune/ inflammatory disease related to cancer, time from cancer

diagnosis to the date of COVID-19 diagnosis, type of tumour, metastatic disease, pulmonary metastases, lymphopenia, time from the date of surgery to the

date of the test, overall test result (3 modalities) have been included as variables.

(B) Gender, age, history of diabetes, history of autoimmune/inflammatory disease, smoker status, time from the date of diagnosis to the date of COVID-19 test,

type of tumour, metastatic disease, pulmonary metastases, lymphopenia, ongoing corticotherapy for cancer have been included as variables.

DISCUSSION

The objective of the present nationwide multicentric study was to
investigate the clinical characteristics of patients with solid
tumours or haematological malignancies presenting COVID-19
symptoms, the impact of a confirmed COVID-19 diagnosis on
survival, and to explore predictive factors for survival, including
specific cancer treatments.

Only 36% of cancer patients presenting with COVID-19
symptoms had documented COVID-19 infection. The COVID-19
population was identified using RT-PCR and/or typical radiological
signs on chest CT scan. Importantly bronchioalveolar aspiration for
bacteriologic, fungal and virologic infection testing had been
performed in COVID-19-positive patients (CT-scan+, RT-PCR—) in
order to exclude any other possible causes of infections.?*?’

In practice, 270 (63.5%) of the COVID-19-positive patients are
identified by nasopharyngeal SARS-COV-2 RT-PCR. Among the
symptomatic cancer patients tested twice and identified as
negative for SARS-COV-2 by RT-PCR, 155 (36%) patients were
classified as COVID-19 positive based on COVID-19 typical CT
scans, a proportion in line with other published studies.?®> This
series shows a significant proportion of cancer patients likely
infected by SARS-COV-2 who remain negative by RT-PCR, but
specific CT scans. The clinical presentation and treatment
characteristics of COVID-19-positive (RT-PCR+ or RT-PCR—/CT-
scan+) and -negative cancer patient populations were not
significantly different. Our series identified no significant differ-
ences in survival among COVID-19- positive patients (RT-PCR+ or

RT-PCR—/CT-scan+). However, the present study showed a
significant difference in mortality within one month after COVID-
19 diagnosis, with 116 (27.8%) deaths in COVID-19-positive patient
population, compared to 118 (16.3%) deaths in patients cate-
gorised as COVID-19 negative. These results are consistent with
previous reports showing that cancer patients are at high risk of
death after documented COVID-19.°7'® This 28% death rate is in
the upper range of previous reports, confirming that cancer
patients in therapeutic phase are a population at high risk for
death. This present series identified COVID-19 as the main cause of
death for 50% of the patients with solid tumours or haematolo-
gical malignancies, according to the investigators.

The present study also shows a high mortality rate in cancer
patients presenting with COVID-19 symptoms, but without
detectable SARS-COV-2 by RT-PCR nor documented CT scan. With
16% death rate at day 28, the death rate is significantly lower in
this group than in patients with documented SARS-COV-2 RT-PCR
+; however, this death rate at day 28 is higher than standard
population of cancer patients.’®*® The current results confirm
observations reported in our previous single-centre study.'® In this
patient population, death is considered to be mostly (>50%)
related to the underlying malignancy as per investigators'
assessment. We would nevertheless be cautious in the absence
of other documentation for infection.

This mortality rate is higher than previously reported in a similar
population of cancer patients outside of the present epidemic
context.?83%37 This suggests that a significant proportion of
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a COVID-19 negative vs COVID-19 positive (*RT-PCR+and **CT-scan+) subgroups
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Fig.2 Overall survival in the global population and according to COVID-19 status. a COVID-19-negative versus COVID-19-positive (*RT-PCR
+ and **CT-scan+) subgroups, b COVID-19-negative versus COVID-19-positive (*RT-PCR+) and COVID-19-positive (**CT-scan+) subgroups.

patients had false-negative tests, despite double testing 7 days
apart, and that some of these patients failed to be diagnosed as
positive though being actually infected by SARS-COV-2 and
undiagnosed yet. False-negative rate of COVID-19 diagnostic
tests, both for RT-PCR*? and serodiagnostics,®® varied consider-
ably, in particular in cancer patients.** A non-mutually exclusive
hypothesis is that deaths are related to other undiagnosed
infection. HINT mortality rates were about 0.3% to 1.5% i.e. 3-10
times higher than seasonal influenza in the general population.
The mortality rates in cancer patients ranged from 9% after
seasonal influenza, and 9% to 25% following HI1N1 outbreak
showing that cancer patients with severe symptoms of viral
infection are generally at high risk for death from respiratory tract
viral infections.””" In comparison, while cancer has likely
contributed to death rate of these patients, this high death rate
observed here and in a previous work'® suggests a possible
underestimation of the influence of COVID-19 in the lethality of
these infectious events.

The representativity of the patient population tested here must
be commented. This research was proposed early in the epidemic,
and access was provided to a representative variety of French

cancer patients through the rapid involvement of 23 institutions,
Comprehensive Cancer Centers as well as general hospitals. At
that date, the national testing policy mostly used RT-PCR in
clinically severe cases, possibly accounting for the overall poor
prognosis of cancer patients. Even though all authorised sites
included all cancer patients with COVID-19 suspicion, we cannot
exclude an under-reporting of COVID-19 in cancer patients with all
types of malignancies, particularly in patients with mild symptoms
or in asymptomatic patients who did not attend medical services.
Moreover, not all cancer patients attending participating centres
have been tested for COVID-19, and our patient population
probably selected cancer patients with more severe form of the
infection.

Several risk factors for early death were identified. Independent
risk factors for death were gender, metastases, history of
inflammatory and/or autoimmune disease and lymphopenia at
the time of suspected COVID-19, which is consistent with the
literature.">'*'5"'® However, the present series did not identify
age, BMI, cardiovascular risk factors or the nature of the
underlying malignancy (solid tumour or haematological) as
independent risk factors, possibly because of the limited
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Fig. 3 Survival of the global and COVID-19-positive groups according to baseline CRP levels (<70 mg/L, > 70 mg/L). a Global population,

b COVID-19-positive population.

proportion of BMI > 30 and the death rate due to cancer in the
younger group of patients. Lymphopenia has been previously
reported as a major risk factor for early death in cancer patient
population.®*' CRP levels were documented in only 77% of
patients precluding integration in a multivariate analysis. How-
ever, high CRP levels were associated with a 34% death rate at day
28 for all patients presenting with a CRP > 70 mg/L, and up to 46%

for COVID-19-positive patients, which therefore constitutes a
population at very high risk for death. Serum CRP increase is
induced by IL-6, also known as a poor prognostic factor for
survival either in patients with COVID-19,>% or in patients with
cancer.”” CRP levels may be easily used as a simple biological
parameter to identify patients with a dismal prognosis and further
exploration in this patient population is required.
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Importantly, the safety of anticancer treatments has been
discussed early in the COVID-19 pandemic, and potential risks
associated with chemotherapy, targeted therapy and immune
checkpoint inhibitors have been questioned. In France, cancer
patients were treated as recommended by national and interna-
tional guidelines.®*>* In practice, cancer patients treated with
chemotherapy or targeted therapy received the regular recom-
mended scheme, thoracic radiotherapy with curative intent was
continued, oncologic surgeries and more specifically thoracic
oncology surgeries were maintained in the prescheduled time-
lines with adapted protocols. Whether the use of immune
checkpoint inhibitors in cancer patients may enhance the cytokine
storm associated with COVID-19 has emerged, and decision-
making to treat immune-mediated toxicities with immune-
suppressive steroids was debated.>® Guidelines in the United
Kingdom have suggested to proceed with caution or avoid/
interrupt treatments.*® In France, we locally implemented adapted
therapeutic administration schemes for immune checkpoint
inhibitors while global dose intensity was respected. More
specifically, patients with lung cancer received immune check-
point inhibitors with extended duration between visits (nivolumab
2w — 4w; Pembrolizumab 3w — 6w; Durvalumab 2w — 4w)
according to national recommendations in thoracic oncology, in
order to minimise hospital visits for patients, thereby limiting the
risks of contamination. Surveillance through regular nurse phone
call and health teleconsultations was performed for early
detection of potential treatment-related toxicities and complica-
tions, or any emergent COVID-19 symptoms.

In contrast with previous reports, none of the cancer
treatments, including immunotherapies, anti-CD20 and tyrosine
kinase inhibitors, were associated with a significantly different
mortality rate in our population.'® Our results are consistent with
the results from Lee et al.® and delays in referral pathway or
treatment should not be extended.>”3®

Finally, it must be noted that no COVID-19-specific treatments
were given to these patients. Their effectiveness at this time was
unclear. The magnitude of benefit provided by hydrochloroquine,
remdesivir or anti-IL-6 was unclear or limited on survival, even
though a significant reduction of the duration in intensive care
unit and hospitalisation was noted for the anti-IL-6 trial 3?2

The histological subtype or location of cancer was not
correlated to death rate at day 28 either, also in contrast with
other reports, probably reflecting different population selections.
While a combined analysis of published data would help to
achieve progress on this question, this unselected cancer patient
population with either haematological malignancies or solid
tumours of various histotypes and treatments suggests that the
nature of cancer treatment is not a major parameter related to the
death of cancer patients during this epidemic.

In conclusion, this nationwide series shows that a documented
COVID-19 infection was associated with a 28% day-28 mortality
rate in cancer patients, regardless of the treatment given for the
underlying cancer, and regardless of the cancer type. The death
rate was 16% in patients without COVID-19-positive diagnosis by
RT-PCR nor typical radiological imaging, and with no other
infectious documentation suggesting a significant rate of false-
negative COVID-19 diagnosis. Patients with CRP levels above 70
mg/L are at very high risk of death at 28 days.

Our results point to the need of a careful clinical management
of cancer patients presenting with severe symptoms compatible
with COVID-19 with or without a confirmed virologic diagnosis as
the COVID-19 pandemic seems likely to extend for several
additional months.
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