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Introduction

High-hyperdiploidy (HHD) represents the most common cytogenetic abnormality found in B-cell precursor acute lymphoblas-
tic leukemia (B-ALL). Despite the overall good outcome of this entity, up to 15% of patients suffer from disease relapse.
Genome-wide ALL studies with next-generation sequencing (NGS) approaches identified a distinct pattern of somatic muta-
tions in HHD ALL, enriched in mutations occurring in genes activating the RAS pathway and in CREBBP gene, especially in
relapsed patients.

Although several studies have attempted to explore the prognostic significance of these mutations that are potentially sus-
ceptible of targeted therapies, theirimpact in uniformly treated patients with newly diagnosed B-ALL is not well characterized,
and there is no consensus on their clinical significance. In this study, we aimed to investigate the frequency of recurrent mu-
tations and to define their prognostic role in the setting of newly diagnosed HHD B-ALL, by using end of induction minimal
residual disease (MRD) and event-free survival (EFS).

Methods

We included 101 consecutive patients, aged between 1-17 years, with newly diagnosed HHD B-ALL and enrolled in the AIEOP-
BFM ALL 2009 protocol (NCT01117441). HHD was defined by the presence of a DNA index >1.16 and lack of ETV4::RUNXT,
BCR::ABL1, KMT2A::AFF1 translocations.

Diagnostic leukemia samples of 89 patients were sequenced using a validated clinical NGS panel profiling 39 genes involved
in leukemia pathogenesis. Mutations affecting RAS pathway ( NRAS, KRAS, PTPN11, NF1, BRAF) and mutations affecting
CREBBP gene were included. In addition, digital multiplex ligation-dependent probe amplification (digital MLPA) analysis for
the identification of IKZF1 deletion and IKZF1 P phenotype was evaluable for 67 patients.

A Fisher exact test and Wilcoxon rank sum test were used for categorical and continuous variables. MRD was assessed by an
IG/TR PCR assay at day +33 of induction (timepoint 1, TP1) and at day +78 (timepoint 2, TP2). EFS was estimated by using
Kaplan and Meier method and differences between groups were tested using the log-rank test. Resistance to treatment,
relapse, death or second malignant neoplasm were considered as events, whichever occurred first.

Results

Patients’ characteristics according to the presence of studied mutations are shown in Table 1. Mutations affecting RAS pathway
and CREBBP occurred in 57.3% and 12.3% of HHD B-ALL patients, respectively. Clonal RAS pathway mutations, defined by
variant allele frequency (VAF) >25%, were found in 16.8% of cases. Among the 11 patients with mutations of CREBBP, 7 had
also a mutation affecting KRAS and the association was significant (p=0.03). Seven patients (10.4%) had deletion of IKZF1,
of whom 5 (7.4%) were IKZF1 Plus. There was no association between any mutations or IKZF1 status and patient presenting
characteristics, as including sex, age and WBC counts.
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MRD was evaluable in 84 patients at the end of induction (TP1). MRD level >5x10 * was found in 36.4% of patients with
CREBBP mutations and in 9.6% of those without, and this association was statistically significant (p=0.02). Additionally, MRD
negativity was found in 9.1% and 38.4%, respectively. At TP2, MRD was still detectable in 45.5% of patients with CREBBP
mutations compared to 20.6% of those with CREBBP wildtype (p=0.08).

Similarly, we observed an association between RAS pathway mutations and MRD at TP1 (p=0.01) with a marked difference in
MRD negative patients (21.3% vs 51.4% in patients with and without mutations). No association was observed between MRD
level and clonal RAS pathway mutations or IKZF1 status.

Despite the association between CREBBP mutations and high MRD at TP1, no significant difference in final high-risk group
was found (27.3% vs 11.5%, p=0.17).

A total of 8 events were observed, of which 6 were relapses. No impact of any mutations or IKZF1 status in term of 5-years
EFS was found in our cohort.

Conclusion

Our study shows that CREBBP mutations in HHD B-ALL are associated with inferior early response to treatment in terms of
MRD level at the end of induction (TP1) but not with worse EFS with our whole current chemotherapy backbone.

Therefore, the inclusion of CREBBP mutated patients in very low risk protocols should be carefully evaluated.

The validation of these findings is ongoing through the analysis of patients treated by other international study groups adopt-
ing different chemotherapy backbones.
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Table 1. Patients’ characteristics according to the presence of the different gene mutations and

deletions observed in our cohort of HHD B-ALL patients.

CREBBP mutations

RAS mutations

IKZF1 deletions

Present Absent Present Absent Present Absent

N % N % N % N % N % N %
Total n. of patients 11 78 51 38 7 60
GENDER
Male 6 54.6 47 60.3 30 588 23 6.5 3 42.9 36 60.0
Female 5 45.4 31 39.7 21 412 15 39.5 4 57.1 24 40.0
AGE
1-9 years 11 100 69 88.5 47 922 33 86.8 6 85.7 55 91.7
10-17 years 0 9 11.5 4 7.8 3 13.2 | 4.3 5 8.3
WBC
<50,000/ul. 11 100 75 96.1 50 98.0 36 94.7 6 85.7 58 96.7
>50,000/ull 0 3 3.9 1 2.0 2 33 1 14.3 2 33
NCI criteria
Standard 11 100 66 84.6 46 90.2 31 81.6 5 71.4 53 88.3
High 0 12 15.4 5 9.8 7 18.4 2 28.6 7 117
FCM +15
Standard (<0.1%) 2 18.2 35 44.9 19 73 18 47.4 2 28.6 26 43.3
Medium (0.1-10%) 8 72.7 36 46.1 27 52.9 17 44.7 2 28.6 31 S
High (>10%) | 9.1 7 9.0 5 9.8 3 79 3 42.8 3 5.0
PCR TP1
POS =5x10* 4 36.4 7 9.6 6 12.8 5 13.5 2 28.6 6 10.7
POS <5x10* 6 j4.6 38 52.0 31 65.9 13 35.1 41 571 28 50.0
Negative 1 9.1 28 38.4 10 21.3 19 51.4 | i4.3 22 393
PCR TP2
POS >5x10* 0 1 1.4 0 | 27 0 1 1.8
POS <5x10* 5 45.5 14 19.2 10 213 9 24.3 4| 57.1 7 2.5
Negative 6 54.5 58 79.4 37 78.7 27 73.0 3 42.9 48 85.7
FINAL RISK
Standard | 9.1 23 29.5 10 19.6 14 36.8 1 4.3 19 31.7
Medium 7 63.6 46 59.0 34 66.7 19 50.0 3 42.9 35 58.3
High 3 27.3 9 11.5 7 13.7 5 13.2 3 42.9 [§} 10.0
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Abbreviations: FCM +15, flow-cytometry on bone marrow at day 15; NCI, National Cancer
Institute; TP1, timepoint | day +33 of induction, TP2, timepoint 2 day +78; WBC, white blood cells
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