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Risk factors for severe
COVID-19 in hospitalized
sickle cell disease patients:
A study of 319 patients in
France

To the Editor:

Whether sickle cell disease (SCD) patients are at higher risk for severe

COVID-19 and, among them, who are the most vulnerable is still a

controversial issue. Indeed, fever or viral infections may trigger vaso-

occlusive crisis (VOC) and consequently the need for hospitalization.1

On the other hand, the tropism of SARS-CoV-2 in lung tissues and the

increased risk of pulmonary embolism (PE) caused by this virus also

raise questions in regards to SCD patients, in whom acute chest syn-

drome (ACS) is a leading cause of early mortality.1,2

In most studies of COVID-19 in SCD, the definition of “serious”
or “severe” outcomes was particularly heterogenous. Here, we aimed

to identify risk factors associated with mechanical ventilation and

mortality in a large cohort of SCD inpatients.

From March 13, 2020 to May 15, 2021, all practitioners involved

in SCD management in France, were contacted by our national con-

sortia to consecutively reported SCD inpatients with confirmed SARS-

CoV-2 infection (by RT-PCR testing from nasal swabs).2 None of

these patients had received COVID-19 vaccine in this period in

France. Hospitalization related to COVID-19 was defined as con-

firmed or suspected COVID-19 as the reason for admission or admis-

sion within 14 days of a positive SARS-CoV-2 test result.

Hospitalization was completed for all patients. This prospective, multi-

center, observational cohort included the three predominant

CORRESPONDENCE E86

mailto:sodeli@yahoo.com
https://orcid.org/0000-0001-7523-7510
https://orcid.org/0000-0001-7523-7510
https://orcid.org/0000-0003-4040-0642
https://orcid.org/0000-0003-4040-0642
https://orcid.org/0000-0002-6244-1229
https://orcid.org/0000-0002-6244-1229
https://orcid.org/0000-0001-8990-3254
https://orcid.org/0000-0001-8990-3254
https://orcid.org/0000-0003-4701-4285
https://orcid.org/0000-0003-4701-4285
https://orcid.org/0000-0003-1780-8746
https://orcid.org/0000-0003-1780-8746
https://orcid.org/0000-0002-7426-8865
https://orcid.org/0000-0002-7426-8865
info:doi/10.3324/haematol.2019.242958
info:doi/10.3324/haematol.2019.242958
info:doi/10.1016/j.clml.2018.03.003
info:doi/10.1016/j.clml.2018.03.003
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212306Orig1s000MultidisciplineR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212306Orig1s000MultidisciplineR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212306Orig1s000MultidisciplineR.pdf
info:doi/10.1016/S0140-6736(20)32292-3
info:doi/10.1002/ajh.26172
info:doi/10.2215/CJN.11721018
info:doi/10.1002/cncr.25139
info:doi/10.18632/oncotarget.26270
info:doi/10.1200/JCO.2017.76.1742
info:doi/10.3324/haematol.2011.044271


genotypes responsible for SCD: Homozygous SS and compound het-

erozygous genotypes SC and Sβ-thalassemia. Anonymized data were

collected by investigators using a standardized form with a minimal

dataset. Data collected on past medical history were limited to ACS

and three identified risk factors for COVID-19: hypertension, diabe-

tes, and overweight. Concerning therapy at admission, collected data

were immunosuppressive drugs, hydroxyurea, and date of the last red

blood cell (RBC) transfusion program before hospitalization. The only

recorded biological value was hemoglobin at admission.

Thromboembolism complications were declared by the investiga-

tor if confirmed by Doppler echography (for thrombophlebitis) or

computed tomography (CT) pulmonary angiography (for PE). Never-

theless, no specific exam was systematically required.

When CT was performed and evaluated by a local radiologist at each

center, the presence of ground grass opacities, atminimum, was considered

to indicate COVID-19 pneumonia. ACSwas adjudicated by investigators of

each center based on respiratory symptoms and radiological findings

(at minimum, new consolidation of a terminal segment in the lung bases).

VOCwas defined as bone pain not explained by causes other than SCD.

The cases of the first 83 patients in this database had been previ-

ously reported.2

Quantitative variables are expressed as the mean (standard devia-

tion) or as the median (interquartile range). Between-group differ-

ences were evaluated using Student or a Mann–Whitney tests, as

appropriate. Pearson's chi-square test was performed to illustrate the

difference in proportions between groups (with Monte Carlo simula-

tion if at least one count was <5). Logistic regression models were

used to identify factors associated with our primary end point: The

need for invasive mechanical ventilation or death. For multivariate

analyses studying genotypes, imbalanced variables between groups

were included as adjustment covariables. The level of significance was

set at 5%. All statistical analyses were generated with R v3.6.0. This

study was performed according to the principles of the Declaration of

Helsinki.

Three hundred nineteen SCD patients (mean age 27.4 ± 14.4 years,

50.5% male) were hospitalized with confirmed COVID-19 in 36 centers

in France; 27% were children (age < 18 years). Two hundred and

seventy-six patients (86.5%) had the SS or Sβ0 genotype and 33 (10.3%)

the SC genotype (Table 1). Eighteen of the 319 inpatients (5.64%) died

or required mechanical ventilation, all were adults. The case fatality rate

was 2.2% in the whole population and 3% in adults (n = 7, 4 men). The

median age at death was 50.4 years (range 36.4–85.4).

After adjusting for age, sex, genotype, weight, hydroxyurea use,

and transfusion before hospitalization, multivariate analysis found that

the SC genotype was a strong independent risk factor for mechanical

ventilation or death (adjusted odds ratio (aOR): 6.99 [95% CI 1.42–

34.5]; p = .017). Age was also an independent risk factor, with an aOR

(per year increase) of 1.09 [1.04–1.14] (Figure S1).

None of the children or young adults younger than 20 years died

or were intubated. In adults, SCD patients older than 40 years

(n = 59) had an 8.3-fold increased risk [95% CI 2.6–31.2] of death or

intubation compared to 20- to 40-year-old patients (n = 153)

(p < .001) (Figure S2).

In the subset of SS/Sβ0 inpatients (n = 276), risk factors for

mechanical ventilation or death were older age, higher weight, hyper-

tension, diabetes, and the use of steroid and immunosuppressive

drugs (Table S1). Hydroxyurea use, chronic transfusion, or a recent

RBC transfusion were not associated with a better outcome. In the

subset of SC patients (n = 33), age was the only significant risk factor

(Table S2).

Considering the unexpected severity in SC inpatients, we compared

the characteristics of patients according to SCD genotypes (Table 1).

Eight of the 33 SC patients (24.2%) died or required mechanical

ventilation, compared to 10 of the 276 (3.6%) SS/Sβ0 patients

(p < .001). The incidences of VOC, ACS, or confirmed COVID-19

pneumopathy during hospitalization were not different between

groups. Interestingly, the incidence of all episodes of thrombosis was

significantly higher in SC inpatients than in SS/Sβ0 inpatients: 9/32

(28.1%) vs. 15/237 (6.3%), p < .001. Pulmonary embolism was the

most frequent event, affecting 25% of SC inpatients and 5% of SS/Sβ0

inpatients (p < .001). In multivariate analysis including age and weight,

the SC genotype was the only independent factor associated with a

higher risk of thrombosis (aOR = 5.86 [95% CI 1.59–21.59])

(Table S3).

In our large multicenter study, patients with the SC genotype

appeared as a particularly high-risk group, with a case fatality rate of

12.1% in inpatients, compared to 1.1% in SS/Sβ0 inpatients and 0% in

Sβ+ inpatients.

In the US, Panepinto et al. found increased mortality (more than a

twofold increase) in SC/Sβ+ genotypes compared to SS/Sβ0 outpa-

tients or inpatients with COVID-19.3 The proportion of inpatients

who required critical care was also higher in those with “mild” geno-

types (8 of 29 [27.6%]) than in those with “severe genotypes” (7 of

99 [7.1%]) in a UK cohort.4 In the latter, mortality was higher in those

with “mild genotypes,” although the differences did not reach signifi-

cance. Patients with the SC and Sβ+ genotypes were pooled in both

those studies; however, as shown in our results, patients with the Sβ+

do not appear to be a high-risk population. Moreover, the numbers of

SC patients were low in these studies.

The specific vulnerability of patients with the SC genotype to

severe outcomes of viral infection is a new and interesting finding.

Indeed, it does not seem restricted to SARS-CoV-2 infection. Two ret-

rospective studies, in French Caribbean territories (n = 70) and in

Jamaica (n = 40) found that the SC genotype was significantly associ-

ated with severe dengue, with an increased mortality compared to SS

patients.5,6 Similar to SARS-CoV-2, dengue virus is known to have an

endothelial tropism.5,6 This raises questions about the specific vulner-

ability of SC patients to viruses that promote endothelial dysfunction.

Although the precise cause for this risk of severe outcome in SC

inpatients infected by some viruses is unknown, our study offers a

possible explanation. Indeed, the significantly higher prevalence of

venous thromboembolism (VTE) events in SC inpatients than in SS

inpatients, with identical VOC or ACS rates during hospitalization, is

surprising. Blood viscosity is higher in SC patients than in SS patients

and is considered to play a key role in the pathogenesis of some com-

plications in SC patients, including an increased risk of VTE events.7
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Even significantly different between SS and SC genotypes (Table 1),

Hb levels at admission were not different in SC patients with poor out-

comes or thrombosis compared to other SC inpatients in our study, but we

lack power in this subgroup of 33 patients (data not shown).

For the SS/Sbeta0 subset of patients, more classic factors for

severe COVID-19 were found. We emphasize that the cut-off age

associated with a dramatic increase in poor outcomes was approxi-

mately 40 years, which was younger than that in the general

population.

Sub-Saharan African countries have the highest prevalence of

SCD worldwide, and some of them, have a very high prevalence of SC

patients, up to 50% of SCD patients.2 Most of these countries have

lowest vaccines access. In that case, a priority of vaccination could be

a focus on patients with the SC genotype and SS/Sβ0 patients with

comorbidities or older than 40 years.

The limitations of our study include the sparse data about organ

complications, past history of VTE, socioeconomic factors, and biolog-

ical or radiological findings during hospitalization. For example, we

cannot rule out that a low glomerular fraction rate may contribute to

worse outcomes, as creatinine was not collected. Conclusions regard-

ing the association between SC genotype and more severe complica-

tions might also be limited by admission rate bias. Nevertheless, SC

patients at the time of admission did not have a higher rate of respira-

tory symptoms, fever, or VOC than other genotypes.

Finally, in our study, an imaging examination was not systemati-

cally performed to screen the thrombotic events in all patients, but

driven by clinical practice. It could underestimate the incidence of

VTE events. However, this detection bias was normally identical in

each group.

The main strengths of our study are the large number of patients

identified, and the stringent definition of severe COVID-19.

In conclusion, SCD patients with the SC genotype admitted to

the hospital with confirmed SARS-CoV-2 infection have poorer out-

comes, with a higher prevalence of thromboembolism complications,

than those with the SS/Sβ0 genotypes.
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Venetoclax combined with
FLAG-based chemotherapy
induces an early and deep
response in mixed-phenotype-
acute leukemia

To the Editor:

Mixed-phenotype acute leukemia (MPAL) is a rare and heterogeneous

group of malignant diseases, accounting for 2%–5% of acute leuke-

mias. They are classified according to the European Group for Immu-

nological Characterization of Leukemias, and the World Health

Organization (WHO) as leukemia that expresses antigens of more

than one lineage, myeloid (My), B or T lymphoid lineage, to such a

degree that it is not possible to assign leukemia to a single lineage

with certainty.1 The genetic aberrations that drive MPAL remain

largely unknown, with the exception of a small subset of MPALs har-

boring BCR-ABL1 or KMT2A rearrangements. The diversity of pheno-

types observed in MPAL may result from acquisition of mutations in a

multipotent progenitor cell that primes leukemia cell for lineage pro-

miscuity.2 MPAL are high-risk diseases with a poor overall survival. In

multivariate analysis, minimal residual disease (MRD) analysis therapy

represents, as for other subtypes of acute leukemia, a major prognosis

factor.

The choice of the induction chemotherapy regimen is not consen-

sual due to the phenotypic heterogeneity of the disease. Most of the

clinical data regarding response to treatment come from retrospective

studies and case reports. The most widely used regimen is either

acute myeloid leukemia (AML) or preferably acute lymphoid leukemia-

based therapy.3 However, it can lead to clonal expansion of blasts,

which may resist the initial lineage-based chemotherapy.

FLAG-IDA induction including fludarabine (30 mg/m2 D2–D6),

cytarabine (2 g/m2 D2–D6), idarubicin (6 mg/m2 D2–D4), and fil-

grastim 5 μg/kg is an effective and well-tolerated induction chemo-

therapy, which provides high complete remission rates in newly

diagnosed (ND) and relapsed/refractory (R/R) AML. Venetoclax (VEN)

is a BCL-2 inhibitor, which has been approved in combination with

hypomethylating agents (HA) or low-dose cytarabine for the treat-

ment of ND AML in patients 75 years of age or older who are unfit

for intensive induction chemotherapy. Venetoclax combined with HA

improved patient-overall and event-free survival.4 Previous stud-

ies reported in MPAL the efficacy of VEN in combination with

HA.5 For younger and fit patients with ND or R/R AML, adding

VEN to FLAG-IDA recently showed impressive results,6 suggesting

a synergistic effect of VEN with intensive chemotherapy. MRD-

negative composite CR was achieved in 96% of ND and 69% of

R/R AML.

Here we present our findings in three patients with MPAL, who

were treated with VEN combined with FLAG with or without

idarubicin. We performed a retrospective review of single-center case

series.

After patient informed consent, we extracted clinical, biological

data from clinical records and analyzed flow cytometry data, to define

patients fulfilling the criteria of MPAL according to WHO classifica-

tion;1 and significantly expressing BCL-2 (Figure 1). MPAL with t(9;22)

(q34;q11.2) were excluded because other targeted treatments are

available (tyrosine kinase inhibitors).

Three consecutive patients with MPAL were included between July

2020 and May 2021. Their median age was 43.9 years (19.8–53.3). One

patient was in second relapse post-allogeneic transplant, and two were

ND. Flow cytometry and immunohistochemistry analyses showed that

the MPAL immunophenotype of the first patient was compatible with the

rare B/T MPAL with positivity for CD19, CD7, CD33, cCD79a, cCD3,

and TDT. MPO was negative. The second MPAL was a T/Myeloid MPAL
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