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Abstract

Background: Little is known about diffuse glioma patients infected by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2).

Methods: We performed a descriptive and retrospective analysis of 41 diffuse glioma
patients with symptomatic SARS-CoV2 infection during the first wave of the COVID-19
pandemic.

Results: Confusion with or without fever was the most common neurological symptom (32%)
supporting SARS-CoV2 testing in glioma patients with acute and unexplained confusion.
Sixteen patients (39%) died after a median delay of 13 days. While multiple clinical,
biological, and pathological features, COVID-19- or diffuse glioma-related, at hospital
admission appeared to have a pejorative prognostic impact, none was significantly
associated with death. Oncological treatments were interrupted at COVID-19 diagnosis and
re-initiated with a median delay of 30 days after the end of COVID-19 symptoms.
Conclusions: Interestingly, our retrospective study describes for the first time the
characteristics of a cohort of diffuse glioma patients with symptomatic COVID-19. Diffuse
glioma patients with poorly symptomatic COVID-19 did not come to the attention of
physicians and were not enrolled in the study skewing the denominator for prognostic
analysis. Further studies are warranted to specify prognosis of overall population of diffuse
glioma patients with- COVID-19, including asymptomatic patients, and interactions of

prognostic factors of both COVID-19 and diffuse gliomas.
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Key points

- Unexplained confusion in diffuse glioma patient, might reveal COVID-19 supporting
SARS-CoV2 testing.

- Mortality of diffuse glioma patients with COVID-19 seems high, though more evidence is
needed.

- Further studies are warranted to determine prognostic factors of COVID-19 in glioma

patients.

Importance of the study

This descriptive and retrospective study aims to shed light on characteristics of diffuse
glioma patients with symptomatic COVID-19 during the first wave of the pandemic. There is
little information on clinical, biological and pathological features and outcome of this sub-
population of cancer patients when infected by SARS-CoV2. Our study is the first cohort of

diffuse glioma patients with COVID-19 and supports further studies.
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Introduction

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) emerged at the end of 2019 and spread rapidly throughout the
world. SARS-CoV2 primarily targets the respiratory system (1). The most common
symptoms are fever (60-98%), cough, fatigue, headaches and, dyspnea (2). In addition to
respiratory symptoms, SARS-CoV2 is also able to affect multiple organs including kidneys,
skin, eyes and central nervous system (CNS) (3) (4) (5). Death has been reported in
approximately 1% of cases and is mainly due to respiratory failure (6). The main prognostic
factors of COVID-19 are: (i) old age, (ii) male gender and, (iii) co-morbidities (7).

In cancer patients, the risk of severe infections could be increased due to steroids and anti-
cancer treatment-induced immunosuppression (8); therefore, these patients may have a
poorer prognosis in the setting of infectious diseases. In a study, including 1590 COVID-19
patients, 18 had a medical history of cancer. These patients had a higher risk of lethal
COVID-19, especially if they received anti-cancer treatments within 1 month before the
infection (9). Therefore, multiple recommendations have been set up in hospitals to reduce
exposure of cancer patients to: (i) immunosuppression including anti-cancer treatments and,
(i) hospital environment enriched for SARS-CoV2 (10). However, a more recent prospective
cohort study suggested that mortality in cancer patients with COVID-19, estimated at 28-
29%, is mainly predicted by age, gender, and co-morbidity. In contrast, cancer treatments do
not appear to influence the outcome (11) (12).

Little is known about the impact of COVID-19 in diffuse glioma patients in terms of symptoms
and prognosis. Therefore, in the Coco Neurosciences study group setting, we have
conducted this retrospective study to describe clinical manifestations and outcome of diffuse

glioma patients infected by SARS-CoV2 during the first wave of the pandemic in France.
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Material and Methods

Patients

CoCo Neurosciences is an observational study based on data from medical records.
Patients received written information about their participation and agreed to use their
medical data following the French legislation. The study was sponsored by Assistance
Publique-Hopitaux de Paris and received approval from the Sorbonne Université Ethics
Committee (CER-202028 on 24/04/2020). The study was registered on the clinicaltrial.gov
website (NCT04362930).

We considered diffuse glioma patients enrolled in the Coco Neurosciences study (medRxiv
2020.10.21.20216747; doi: https://doi.org/10.1101/2020.10.21.20216747). This cohort
enrolls patients with neurological or psychiatric disorders, diagnosed with COVID-19 and
who came to the attention of physicians participating the study. During the first wave of the
pandemic mainly patients with symptomatic. COVID-19 were tested and diagnosed. In
addition, we assume that only a subpopulation of these patients came to the attention of the
physicians participating to the study for enrollment in the study. In parallel, most of them
were also enrolled in the GCO-002 CACOVID-19 study (12), which is a cohort of patients
with active cancer and diagnosed with SARS-CoV?2 infection.

COVID-19 infection was defined by a positive SARS-CoV2 RT-PCR analysis after
nasopharyngeal swab or by a chest CT scan highly suggestive of COVID-19 (i.e., multiple
ground-glass abnormalities with crazy paving, absence of either lymphadenopathy or
nodules). For each patient, the following parameters were collected at COVID-19 diagnosis
using a standardized de-identified form: (i) clinical parameters : age, sex, body mass index —
BMI-, medical history, Karnofsky performance score —KPS-, general symptoms, change in
neurological symptoms, (ii) tumor and oncological characteristics: histologic type according
to the WHO 2016 classification, date of the last oncological treatment, steroid treatment over

the last month before COVID-19 diagnosis, oncological response according to Response
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Assessment in Neuro Oncology Criteria —RANO-, (iii) biological parameters: complete blood
cell count, blood chemical analysis, C-reactive protein —CRP- and, (iv) both outcomes for
COVID-19 and diffuse glioma (13).

The severity of COVID-19 was determined using the following classification (14) : (i)
asymptomatic: molecular diagnosis of SARS-CoV2 but no symptoms, (i) mild illness:
symptoms of COVID-19 without respiratory impact or abnormal chest imaging, (iii) moderate
illness: clinical of radiological lower respiratory disease and a saturation of oxygen -SpO2-
294% on room air at sea level, (iv) severe iliness: respiratory frequency >30 breaths per
minute, SpO2 <94% on room air at sea level, the ratio of arterial partial pressure of oxygen
to fraction of inspired oxygen -PaO2/FiO2- <300 mmHg or, lung infiltrates >50% and, (v)

critical illness: respiratory failure and/or multiple organ dysfunction.

Statistical analysis

Statistical analysis was performed using SPSS version 20.0. Categorical variables were
presented as frequencies and percentages, and continuous variables as medians and
ranges. We performed the Wilcoxon or Student’s test according to the distribution of a
variable, the p-value was considered significant if below 0.05.

Results

Characteristics of patients and Covid-19

From December of 2019 to May 2020, we identified 41 diffuse glioma patients diagnosed
with COVID-19, being 35 symptomatic and six asymptomatic at diagnosis. All were enrolled
in the Coco Neurosciences cohort.

The RT-PCR test with nasopharyngeal swab was positive in 38 cases (93%). Chest CT-scan
was consistent with the diagnosis of COVID-19 in 18 patients (44%); only one patient had a

suggestive CT scan of SARS-CoV2 but a negative RT-PCR, a fibroscopy for pneumocystis

120z dunp gz uo }senb Aq £€150£9/8200ePA/UlEOU/EE0L "0 /10P/2|OIE-80UBAPE/BOU/WOY"ANO"OILSPEDE//:SAY WOy PAPEOjUMOC



carinii was performed to ruled out this diagnosis. The serological test was positive in six
patients (15%), although it was not performed in all cases (Table 1).

Most patients were males (25 cases, 61%). The median age at COVID-19 diagnosis was 63
years (25-89). The KPS was 60% or below in 15 patients (37%). The median BMI was 24
kg/m? (16-38). Analysis of medical history showed diabetes mellitus, arterial hypertension,
cardiac disease, and other chronic diseases in five (12%), nine (22%), four (10%) and
eleven (27%) patients, respectively. Overall, 24 patients (59%) had at least one co-morbidity.
Thirty-five patients (85%) experienced clinical symptoms as the initial manifestation of the
disease, including 13 with systemic symptoms and 22 with both systemic and neurological
signs. The most frequent systemic symptoms were fever, fatigue, cough, and dyspnea in 26
(63%), 15 (37%), 14 (34%), and nine (22%) patients, respectively. Regarding neurological
symptoms, confusion was reported in 15 cases (37%). Confusion was never an isolated
presenting symptom and was most often associated with fever and fatigue. Headaches and
vertigo/dizziness were reported in three (7%) and two (5%) patients, respectively. Thirteen
patients had no modification of their clinical neurological status due to COVID-19 compared
to the pre-COVID-19 period (Table 2). Six patients (15%) were asymptomatic.

Thirty-three (81%) patients were hospitalized because of extra-neurological and/or
neurological symptoms (Table 1). Mild, moderate, severe, and critical forms of COVID-19 at
admission were observed in 11, 20, three and, one patient, respectively. Three patients
required oxygen and one patient was hospitalized in the intensive care unit (ICU).

At the end of data collection, 16 patients died (39%) due to respiratory complications of
COVID-19 with a median delay of 12.7 days (range,1-43 days) after COVID-19 diagnosis.
During the COVID-19 course, eight patients, including those referred at admission, were
admitted to the ICU. In these eight patients, the brain tumor was glioblastoma, grade lli
oligodendroglioma and grade Ill astrocytoma in six, one and one patient(s), respectively.
About oncological treatments, five patients were in first-line, two in second-line and one in
third-line treatment. Twenty-five patients survived COVID-19, 19 patients were alive at 2

months after diagnosis and six patients died due to glioma progression.
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Diffuse glioma course

The most frequent neuro-oncological diagnosis was glioblastoma in 32 cases (78%): (i) 29
IDH wild-type (IDHwt) and, (ii) 3 IDHR132H positive. For the remaining patients, six suffered
from grade Il IDHwt astrocytoma (15%), one from grade Il 1p/19g-codeleted IDH-mutant
oligodendroglioma (2%) and, two from grade |Ill 1p/19g-codeleted IDH-mutant
oligodendroglioma (5%) (Table 1). At COVID-19 diagnosis and according to RANO criteria, 3
(7%), 14 (34%), and 18 (44%) patients showed a partial response, stable, and progressive
tumor disease, respectively. Over the month before COVID-19 diagnosis, one patient
underwent glioma surgery, 24 patients received chemotherapy, three patients received brain
radiotherapy and 13 patients did not receive any anti-tumor treatment (Table 1).

Thirty-one patients (76%) were treated with steroids due to glioma-related symptoms, with a
median equivalent-dose of prednisone of 45 mg per day, for at least 16 days during the
month before the COVID-19 diagnosis.

Concerning tumor-related treatments, 22 patients (54%), 12 (29%), and four (10%) were in
the first-line treatment, second-line-and third-line treatment, respectively. Two patients (5%)
were under surveillance and one patient (2%) was in palliative care.

Only one patient was considered to die due to glioma progression during the period of

COVID-19 infection.

Clinical outcome and correlations

Although not statistically significant, COVID-19 surviving patients were younger. Also, they
had fewer co-morbidities, higher KPS, lower BMI, a lower dose of steroids, lower CRP value,
higher lymphocyte count, lower neutrophil count, and higher platelet count. They also
exhibited less advanced and less progressive disease, according to RANO criteria. Finally,

they were out of oncological treatment the month before the COVID-19 diagnosis compared
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to patients who have succumbed (Table 3). There was no difference between surviving and
dead patients for the glioma histological type and severity of COVID-19 at admission (Table
3).

Among the 25 patients surviving COVID-19, tumor status was available in 22 patients. Ten
patients (40%) showed stable disease and 11 (44%) showed progressive disease, only one
patient showed a partial response (4%). About the time elapsed between COVID-19 and
treatment continuation, there was a median interruption of treatment of (i) 25 days after
COVID-19 diagnosis in asymptomatic -0.1-6 weeks and (ii) 30 days after the end of COVID-
19 symptoms in symptomatic patients -3-9 weeks- (Figures 1 and 2).

Discussion

The COVID-19 pandemic rapidly became a worldwide public health emergency due to its
spread and respiratory morbidity and mortality overwhelming health care systems (15).

The prognosis of COVID-19 patients is variable across countries. The WHO estimates the
case fatality ratio (CFR) from less than 0.1% to over 25% (16). Multiple unfavorable
prognostic factors have been identified in the general population (17) (18). Cancer and
oncological treatments are debated as risk factors of increased death in COVID-19 patients
(19) (20). Consistent with this, little is known about the impacts of COVID-19 in diffuse
glioma patients, in terms of clinical manifestations and outcome, supporting our retrospective
descriptive study focused on this population. It is worth noting that the vast majority of our
diffuse glioma patients with COVID-19 enrolled in our study developed symptoms at the

beginning of SARS-CoV2 infection.

Our study suggests that acute/subacute confusion is a frequent neurological presenting
symptom of COVID-19 (n = 15 patients, 37%) in diffuse glioma patients. When it is
associated with fever (n = 12, 29%), this might reveal COVID-19 supporting urgent SARS-
CoV2 testing. In non-diffuse glioma patients, confusion seems less frequent ~ 27% (21).

Confusion is the second symptom revealing COVID-19 in diffuse glioma patients while it is
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the sixth in the general population (22). Other CNS complications related to SARS-CoV2
infection, including vasculopathy and encephalitis, were not detected in our cohort based on

the MRI performed for tumor monitoring (23).

The mortality rate in our cohort of diffuse glioma patients infected by SARS-CoV2 seems
high (39%) compared to general cancer (28-29%) and the non-cancer population. Our study
with multiple limitations and several methodological biases does not allow robust final
conclusions. Our findings, based on a retrospective study associated with missing data,
cannot be extended elsewhere and should be taken with caution. Indeed, the limited number
of patients enrolled in our study reduces its statistical power. The vast majority of diffuse
glioma patients enrolled in the current study were symptomatic and/or hospitalized for
COVID-19. The poorly symptomatic or asymptomatic diffuse glioma patients infected by
SARS-CoV2 did not come to the attention of physicians and were not enrolled in the current
study. Therefore, the denominator, that does not include poorly or asymptomatic patients, is

skewed and mortality rate is overestimated and should be taken with caution.

In addition, most diffuse glioma patients aged over 50 years old suffered from well-known
unfavorable prognostic factors of COVID-19. Compared to the 1289 solid cancer patients
with COVID-19, our diffuse glioma patients with COVID-19 have more co-morbidities (59%
versus 22% have at least one co-morbidity) and have higher BMI (25 versus 24). Therefore,
although overestimated, the potential severity of COVID-19 in diffuse glioma patients could
be related to the combination of multiple factors, although none of them, taken individually,
reached statistical significance in our study. Unfortunately, some of them were not available
for investigations in our cohort (e.g. ferritin, IL-6, lactate dehydrogenase, experimental

medications for COVID-19) reducing our prognostic analysis.

Due to limited ICU resources, the triage of patients as a factor of the high death rate of

diffuse glioma patients with COVID-19 is difficult to interrogate. However, the observation
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that 20% of patients were admitted to ICU at some point of the course of their COVID-19
does not argue strongly for a systematic brake to the admission of diffuse glioma patients
with COVID-19 in ICU whenever needed. This point needs to be addressed specifically in
further studies dedicated to diffuse glioma patients.

In surviving patients, the median interruption of oncological treatments was approximately 4
weeks after diagnosis in asymptomatic patients and 4 weeks after COVID-19 clinical
recovery in symptomatic patients. At this point, we do not have enough evidence for robust
recommendations. The duration of oncological treatment interruption needs to personalize

for each patient.

In the era of the COVID-19 pandemic, diffuse glioma patients with COVID-19 should be
managed with: (i) strict respect of prevention measures, (ii) adapted oncological treatments
and, (iii) appropriate extra-neurological management. Strict respect of WHO prevention
measures include face mask, hand washing, physical distancing and keeping rooms well
ventilated. Adapted oncological treatments include standard of care paying attention to: (i)
limit hospital visits, (ii) deliver optimal and personalized chemotherapy and steroid dosages
considering the balance benefit/risk in the setting of the pandemic and, (iii) interrupting
oncological treatments for only a limited period. Finally, appropriate systemic management
including admission in ICU should be personalized to each patient regarding prognostic

factors of both diffuse glioma and COVID-19.

In conclusion, our study describes for the first-time the characteristics of diffuse glioma
patients with symptomatic COVID-19 during the first wave of the pandemic. Additional
studies, including a larger number of patients, are warranted to specify our findings and to
interrogate outcome of the overall population diffuse glioma patients with symptomatic and

asymptomatic COVID-19 over the different waves of the pandemic.
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Legend to figures.

Figure 1. Oncological treatments delay in COVID-19 asymptomatic patients

The x-axis indicates the patients. All were treated with Temozolomide. The y-axis indicates
the time in days. The blue diamond indicates the date of COVID-19 diagnosis. The blue line
indicates the last chemotherapy cycle. The broken orange line indicates the theoretical date
of the next chemotherapy cycle. The orange triangle indicates the first day of chemotherapy

after COVID-19.

Figure 2. Oncological treatments delay in COVID-19 symptomatic patients

The x-axis indicates the patients. Chemotherapy agents are indicated on the top of the
panels. The y-axis indicates the time in days. The blue diamond indicates the date of
COVID-19 diagnosis. The grey square indicates the clinical recovery of COVID-19. The blue
line indicates the last chemotherapy cycle. The broken orange line indicates the theoretical
date of the next chemotherapy cycle. The orange triangle indicates the first day of

chemotherapy after COVID-19.
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Table 1. Patients and tumors characteristics

Variables N=41*
Gender Male 25 61%
Age 64* | (25-89)*
Body mass index 25* | (16-38)*
Karnofsky pre-COVID19 (%) 60 | (40-100)
Performance Status
Undetermined 2 5%
<60 15 37%
60-80 16 39%
>80 8 20%
Type of glioma Glioblastoma (IDHmt) 32 78%
Grade lll Astrocytoma 6 15%
Grade lll Oligodendroglioma 2 5%
Grade Il Oligodendroglioma 1 2%
Comorbidities Diabetes mellitus 5 12%
Hypertension 9 22%
Cancer (excluding glioma) 9 22%
Rheumatologic 5 12%
Cardiac disease 4 10%
Metabolic 5 12%
Vascular 5 12%
Endocrinologic disease (excluding diabetes) 4 10%
Neurologic disease (excluding glioma) 3 7%
Hepatic 2 5%
Lung 3 7%
Digestive 2 5%
Chronic kidney failure 2 5%
Positive RT-PCR 38 93%
Positive Chest CT 18 44%
scan
Serology positive 6 15%
Steroid Treatment 31 76%
Oncological Surgery 1 2%
treatment within 1
month prior to
COVID-19
Chemotherapy 24 59%
Radiotherapy 3 7%
Status of tumor Stable disease 14 34%
Complete response 0 0%
Partial response 3 7%
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Progressive disease 18 44%
Not specified 6 15%
Line of treatment Newly diagnosed/First 22 54%
Second 12 29%
Third 4 10%
Remission 2 5%
Palliative care 1 2%
In-patient care 33 81%
Impact of COVID-19 Oncological treatment delayed 21 51%
on oncological
treatment
Oncological treatment not delayed 7 17%
Patients monitored without oncological treatment | = 13 32%

* data are presented as n(%), median, IQR as appropriate
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Table 2. New clinical symptoms related to COVID-19

N (%)
Systemic Fever 26 63%
Unusual Fatigue 15 37%
Myalgia / arthralgia 1 2%
Respiratory Cough 14 34%
Sputum 1 2%
Rhinorrhea 2 5%
Dyspnea 9 22%
Tachypnea 2 5%
Desaturation 5 12%
Chest pain 1 2%
Digestive Abdominal pain 3 7%
Nausea / vomit 3 7%
Diarrhea 1 2%
Neurologic Headache 3 7%
Confusion 15 37%
Dysgeusia 1 2%
Dizziness / vertigo 2 5%
Anosmia 1 2%
Neurological clinical worsening compared to 28 68%
pre-COVID 19 period
Asymptomatic 6 15%
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Table 3. Characteristics of surviving versus dead patients

Survivors (N=25) Non survivors (N=16) P value
Clinical features Age 61.0 | (25-87) 67.4 | (47-89) NS
BMI 23.8 | (16.1-37.6) 25.6 | (20.2-35.2) NS
KPS pre COVID-19 70 | (40-100) 60 | (40-90) NS
Diabetes 2 | (8%) 3 | (18%) NS
Arterial hypertension 5| (21%) 4 | (24%) NS
Cardiac disease 1| (4%) 3 | (18%) NS
Other comorbidity 6 | (24%) 5 | (31%) NS
At least one comorbidity 13 | (52%) 11 | (69%) NS
Treatment withinl | Steroid treatment 17 | (68%) 14 | (88%) NS
month pre-COVID Dose equivalent prednisone(mg) 38.0 | (7.5-80) 52.5 | (10-120) NS
Chemotherapy 13 | (52%) 11 | (69%) NS
Radiotherapy 2 | (8%) 1 | (6%)
Surgery 1| (4%) 0 | (0%)
No treatment 7 | (29%) 4 | (24%)
Oncological Not specified 10 | (42%) 2 | (12%) NS
treatment Newly diagnosed/First line 6 | (24%) 8 | (50%)
Second line 6 | (25%) 2 | (12%)
Third line 2 | (8%) 2 | (12%)
Surveillance 0 | (0%) 2 | (12%)
Palliative care 1| (4%) 0 | (0%)
Tumor status pre- Partial response 1| (4%) 2 | (12%) NS
COVID (RANO) Stable disease 9 | (36%) 5 | (31%)
Progressive disease 9 | (36%) 9 | (56%)
Not specified 7 | (30%) - -
Biopathological Grade Il Oligodendroglioma 0 1| (6%) NS
features
Grade IIl Astrocytoma 4 | (17%) 2 | (12%)
Grade lIl Oligodendroglioma 1| (4%) 1| (6%)
Glioblastoma 20 | (80%) 12 | (75%)
C-Reactive Protein mg/L 36.4 | (0-166) 71.7 | (0-182) NS
Lymphocytes (Count, x10 °/L) 1.66 | (0.3-14.4) 0.89 | (0.40-2.31) NS
Neutrophils (Count, x10 “/L) 3.43 | (0.2-8.01) 5.80 | (2.43-9.97) NS
Platelets (Count, x10 /L) 143.4 | (4-247) 126.1 | (44-221) NS
COVID-19 Not specified 2 | (8%) 2 | (12%) NS
infection severity _
at admission Mild 8 | (33%) 3 | (18%)
Moderate 10 | (42%) 10 | (59%)
Severe 2 | (8%) 1 | (6%)
Critical 1| (4%) 0 | (0%)
ICU admission 3| (12%) 5 | (31%) NS
Duration of COVID-19 20.8 | (1-63) 12.6 | (1-43) NS

Abreviations: NS, not statistically significant
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