
8Cancer and Blood Disease Institute, Children's Hospital Los Angeles,

University of Southern California Keck School of Medicine, Los Angeles,

California
9Université d'Avignon, LAPEC EA4278, Avignon,

France
10Laboratoire Interuniversitaire de Biologie de la Motricité (LIBM)

EA7424, Université Lyon 1 (COMUE Lyon), Equipe « Biologie Vasculaire

et du Globule Rouge », Lyon, France

Correspondence

Philippe Connes, Laboratoire Interuniversitaire de Biologie de la

Motricité (LIBM) EA7424, Université Lyon 1 (COMUE Lyon), Equipe «

Biologie Vasculaire et du Globule Rouge », 69008 Lyon, France.

Email: pconnes@yahoo.fr; philippe.connes@univ-lyon1.fr

Sophie Antoine-Jonville and Philippe Connes equivalent position.

ORCID

Karen Reminy https://orcid.org/0000-0002-7636-261X

Christopher Denton https://orcid.org/0000-0003-3070-1775

Thomas Coates https://orcid.org/0000-0001-9878-6029

Sophie Antoine-Jonville https://orcid.org/0000-0003-0691-2177

Philippe Connes https://orcid.org/0000-0002-9232-0268

REFERENCES

1. Nader E, Conran N, Romana M, Connes P. Vasculopathy in sickle cell

disease: from red blood cell sickling to vascular dysfunction. Compr

Physiol. 2009;84(9):618-625.

2. Bernaudin F, Verlhac S, Chevret S, et al. G6PD deficiency, absence of

alpha-thalassemia, and hemolytic rate at baseline are significant inde-

pendent risk factors for abnormally high cerebral velocities in patients

with sickle cell anemia. Blood. 2008;112(10):4314-4317.

3. Nolan VG, Adewoye A, Baldwin C, et al. Sickle cell leg ulcers: associa-

tions with haemolysis and SNPs in Klotho, TEK and genes of the TGF-

beta/BMP pathway. Br J Haematol. 2006;133(5):570-578.

4. Alvarez RA, Miller MP, Hahn SA, et al. Targeting pulmonary endothelial

hemoglobin alpha improves nitric oxide signaling and reverses pulmonary

artery endothelial dysfunction.AmJRespir CellMol Biol. 2017;57(6):733-744.

5. Straub AC, Lohman AW, Billaud M, et al. Endothelial cell expression

of haemoglobin alpha regulates nitric oxide signalling. Nature. 2012;

491(7424):473-477.

6. Straub AC, Butcher JT, Billaud M, et al. Hemoglobin alpha/eNOS coupling

at myoendothelial junctions is required for nitric oxide scavenging during

vasoconstriction. Arterioscler Thromb Vasc Biol. 2014;34(12):2594-2600.

7. Charlot K, Romana M, Moeckesch B, et al. Which side of the balance

determines the frequency of vaso-occlusive crises in children with

sickle cell anemia: blood viscosity or microvascular dysfunction? Blood

Cells Mol Dis. 2016;56(1):41-45.

8. Denton CC, Shah P, Suriany S, et al. Loss of alpha-globin genes in

human subjects is associated with improved nitric oxide-mediated

vascular perfusion. Am J Hematol. 2020;96(3):277-281.

9. Higashi Y, Sasaki S, Nakagawa K, et al. Low body mass index is a risk fac-

tor for impaired endothelium-dependent vasodilation in humans: role of

nitric oxide and oxidative stress. J Am Coll Cardiol. 2003;42(2):256-263.

10. Etyang AO, Khayeka-Wandabwa C, Kapesa S, et al. Blood pressure

and arterial stiffness in Kenyan adolescents with alpha(+)thalassemia.

J Am Heart Assoc. 2017;6(4):e005613.

Received: 8 January 2021 Revised: 9 February
2021

Accepted: 9 February
2021

DOI: 10.1002/ajh.26127

Assessment of the 4-factor
score: Retrospective analysis
of 586 CLL patients receiving
ibrutinib. A campus CLL study

To the Editor:

Recently, the National Institutes of Health (NIH) chronic lymphocytic

leukemia (CLL) group collected information from 804 CLL patients

treated with ibrutinib as first-line or salvage therapy in six clinical trials,

and developed a comprehensive tool for predicting the outcome,1 ter-

med the 4-factor score, based on TP53 aberration, β2-microglobulin

(β2-M), lactate dehydrogenase (LDH) and disease status [treatment

naïve (TN) vs relapsed/refractory (R/R)]. This score, derived from the

application of both traditional and machine-learning methods, may serve

as a useful model applicable in daily clinical practice and may help iden-

tify patients at higher risk of treatment failure and death during ibrutinib

therapy (Table S1). Interestingly, the 4-factor model outperformed the

CLL International Prognostic Index (CLL-IPI, scored as in Table S2)2 in

the ibrutinib setting, leading to an improved prediction of progression.1

In the study reported here, utilizing an institutional Italian multi-

center working group on CLL (“Campus CLL dataset”), we evaluated

the validity and reproducibility of this 4-factor score, both in terms of

progression-free survival (PFS) and overall survival (OS), in an inde-

pendent cohort of TN and R/R CLL patients treated with ibrutinib as

monotherapy outside of clinical trials. All patients received ibrutinib at

a dose of 420 mg once per day.

The CLL databases from 21 Italian, one Swiss, and one Israeli cen-

ters were combined to compile a large meta-database for research

purposes (see supplementary appendix). This meta-database included

660 consecutive cases of CLL treated with ibrutinib between June

2013 and May 2019. A total of 586 out of 660 patients were eva-

luable for the 4-factor score.1 Missing data for the TP53 aberration

were the reason for the exclusion of the 74 remaining cases. A total

of 586 patients with CLL (147 TN and 439 R/R) were included in this

analysis. Two hundred and fifty-four patients were Binet stage C

(43.3%); median age was 70.6 years (see Table S3 for baseline patient

features). The TP53 aberration was detected in 270 patients (46.1%);

407 cases (69.5%) showed an unmutated IGHV status. After a median

follow-up of 2 years (range, 1 month - 6 years), 93 patients had died,

and 195 showed CLL progression.

First, we assessed the relationship between the 4-factor score and

OS. In particular, the four factors (TP53 aberration, R/R-CLL, high LDH,

and high β2-M; Table S4), all significantly validated by univariate analy-

sis in our setting, were introduced into a Cox multivariate model,
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confirming their independent prognostic value. According to the

scoring reported by Ahn et al.,1 239 patients (94 TN and 145 R/R)

were classified as low risk (with zero to one factor present at the

start of ibrutinib therapy), 220 (43 TN and 177 R/R) as intermediate

risk (with two factors), and 127 (10 TN and 117 R/R) as high risk

(with three to four factors). According to the 4-factor score,

patients' stratification showed significant differences in terms of OS

(Figure 1(A)). The 3-year OS rates by 4-factor score category in our

cohort are quite similar to those observed in the original study

(Table S5),1 suggesting that the survival estimates provided by the

index are indeed reproducible.

We also examined the correlation between 4-factor and PFS, and

once again, the four single factors had an independent predictive

impact on PFS (Table S6). Similarly, the score could also categorize

patients for predicting PFS (Figure 1(B) and Table S5). The 3-year PFS

rates by 4-factor score category in our cohort are lower than those

observed in the original study (Table S5),1 probably due to a higher

rate of R/R cases (74.9% vs 58.7%) included in our study.

Considering the variation in reference ranges, we also tested

LDH > upper limit of normal (ULN) as an alternative to the less consis-

tent cut-off of 250 U/L. Table S7 shows that LDH > ULN achieved

equivalent performance scores compared to the original 4-factor

model in predicting PFS and OS.

Our group recently proposed a survival risk score for R/R CLL

patients treated with ibrutinib (SRSI) based on three laboratory param-

eters, that is β2-M, LDH, and anemia (Table S8).3 Of note, the SRSI

shares with the 4-factor score two of its three prognostic indicators

(ie, β2-M and LDH). Since all R/R patients enclosed in this analysis

have been used in the training cohort for the SRSI, we did feel appro-

priate to compare the SRSI score with the 4-factor score. Neverthe-

less, stratification of patients according to the SRSI showed significant

differences in terms of OS (C-statistic 0.67, P < .001; Figure S1A),

suggesting the usefulness of this scoring model in an even more het-

erogeneous cohort that includes TN and R/R patients. Similarly,

SRSI successfully clustered cases with a specific risk of progression

(C-statistic of 0.60, P < .001; Figure S1B).

Next, we compare the CLL-IPI performance (Table S2)2 and the

4-factor model since the data necessary for risk categorization

according to both prognostic scores were available in all the

586 patients in our cohort. According to the CLL-IPI, most patients

were in the high- (41.5%) or very high-risk groups (41.5%), 13.5% in

the intermediate-risk group, while only 3.6% were in the low-risk

group (Table S9). This notwithstanding, more than half (134/243,

55.1%) of the patients in the very high-risk group of the CLL-IPI fell

into the low-risk or intermediate-risk category of the 4-factor model.

A concordance test carried out by excluding the few cases categorized

in the CLL-IPI low-risk group in keeping with Ahn et al.,1 confirmed

the lack of substantial agreement between the two prognostic tools

(weighted k = 0.13), again highlighting the limits of the CLL-IPI for

patients treated with ibrutinib, as previously reported.1 The superior-

ity of the novel 4-factor model1 over the CLL-IPI2 was not that unex-

pected since it is well-known that CLL-IPI was custom-built for

chemo-immunotherapy and not for targeted therapy. Moreover, all

the three factors (disease stage, age, and IGHV mutational status) used

in the CLL-IPI but not in the 4-factor model did not show an indepen-

dent prognostic significance in our and other ibrutinib cohorts.1,3,4

Accordingly, we failed to demonstrate significant differences in both

OS (Figure S2A) and PFS (Figure S2B) when patients were stratified

according to the CLL-IPI, confirming its inability to predict the clinical

outcome of TN and R/R patients treated with ibrutinib.

Our study's limitation is that our median follow-up is only 2 years,

whereas the Ahn cohort is roughly 4 years.1 These data are essential,

especially in the light of the efficacy of ibrutinib. Simultaneously, a

possible strength of the present is the well-characterized large cohort

of CLL patients.

In conclusion, data presented here indicate that the 4-factor

model provides adequate risk stratification concerning OS and PFS in

a large multicenter retrospective cohort of patients, thereby

F IGURE 1 (A) Overall survival and (B) progression-free survival of the entire cohort of 586 CLL patients, according to the 4-factor score
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confirming that it can serve as a robust, easily applicable, and highly

reproducible tool for the clinical management and counseling of CLL

patients treated with ibrutinib in daily practice, despite the differences

in terms of patient selection and characteristics.

Nevertheless, the prognostic significance of prior treatment, one

of the 4-factors prognostic tool, needs to be re-evaluated in light of

the increase of chemo-free treatment strategies.

Integration with other ibrutinib-specific risk scorings4 and/or

implementation with other biomarkers with demonstrated impact in

the ibrutinib setting, for example, CD49d,5,6 may well contribute to

improving the performance of the model in the future.
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The prognosis and durable
clearance of RAS mutations
in patients with acute myeloid
leukemia receiving
induction chemotherapy

To the Editor:

The RAS oncogenes, NRAS and KRAS are frequently mutated in AML,

occurring in 11% and 5% of patients, respectively.1 These gain-of-

function mutations produce altered RAS-GTPase proteins locked in an

active GTP-bound state resulting in constitutive activation of the mito-

gen activated protein kinase (MAPK), and phosphoinositide-3 kinase

(PI3K) pathways that impact cell proliferation and survival. Although

among patients receiving induction chemotherapy, the presence of RAS

mutations do not significantly impact prognosis,1 mounting evidence

suggests that RAS-pathway mutated leukemic clones are more likely to

be cleared. Targeted next generation sequencing performed at diagno-

sis and at time of complete remission (CR) after induction chemother-

apy revealed that RAS-pathway mutations including NRAS, KRAS, NF1,

PTPN11 had higher clearance rates relative to other mutations
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