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                                                            Risk-stratification and treatment intensification according to minimal residual disease (MRD) analysis has improved outcomes of patients with acute lymphoblastic leukemia (ALL).21 However, a significant proportion of patients with T-cell ALL (T-ALL) still experience early relapse or refractory disease. Robust prognostic markers able to identify high-risk patients at diagnosis have proved challenging, and risk-adapted management for TALL remains an unmet need. The work presented herein shows that the molecular marker, absence of biallelic deletion at the TRG locus, does not have a poor prognostic impact on the outcome of pediatric and adolescent patients with T-ALL treated on the risk-directed protocol of the Medical Research Council UK Acute Lymphoblastic Leukemia 2003 (MRC UKALL2003) trial.
Early T-cell Precursor (ETP) T-ALL, identified by immunophenotyping, was previously reported to confer a poor prognosis in pediatric, adolescent and adult patients.43 However, immunophenotyping was found to underestimate the number of patients with an ETP gene-expression signature,5 and inter-laboratory diagnosis for this immunophenotype is not standardized. Moreover, gene-expression profiling is not widely utilized for clinical use. Therefore, an alternative molecular method based on the V-J recombination status of the T-cell receptor γ (TRG) gene has been described.6 Given that TRG recombination occurs early during T-cell development,7 cells that have not undergone biallelic deletion at the TRG locus have been termed ‘ABD’ (Absence of Biallelic Deletion), with the majority of such ABD T-ALL cases having an ETP-ALL gene-expression signature.6 Consistent with the original reports of ETP-ALL,3 ABD was reported to be associated with inferior survival,6 although the patients studied were not treated on MRD risk-directed protocols. Thus we investigated whether ABD status adds further prognostic information for pediatric and adolescent patients with T-ALL treated on the MRC UKALL2003 trial, which used MRD risk to direct treatment intensity.81
Whole genome amplified (WGA) DNA was available from diagnostic samples of 152 of 393 (39%) T-ALL patients treated on this trial.9 Full details of the patient cohort, trial protocols, methods and statistical analyses are described in the Online Supplementary Information. The trial is registered at controlled-trials.com under ISRCTN number 07355119. Ethical approval for the trial was obtained previously from the Scottish Multi-Centre Research Ethics Committee on 25/02/2003, ref: 02/10/052, and samples were collected with informed consent according to the Declaration of Helsinki.
Baseline characteristics and survival outcomes of these 152 patients were not significantly different from the 241 patients not included in the study (Online Supplementary Table S1 and Table S2, and Online Supplementary Figure S1).
The TRG quantitative polymerase chain reaction (qPCR) assay determined fold change using the comparative DDCT method with ANLN as the reference gene (TRG:ANLN), as previously described.6 There was good agreement between results from WGA material and their corresponding non-WGA sample where available (R=0.92) (Online Supplementary Figure S2A,B). Patients were assigned to the ABD group if the TRG:ANLN fold change was ≥0.5 and the diagnostic blast count ≥50% (to exclude lack of deletion due to contamination with non-leukemic cells), non-ABD if ≤0.25, and indeterminate if between these values (Figure 1A). Indeterminate results were confirmed using COA1 as an alternative reference gene (Online Supplementary Figure S2C). TRG locus deletions were also determined using data from Illumina CytoSNP-850K arrays.9
[image: ]

Figure 1.qPCR and SNP array analysis at the TRG locus. (A) ABD status by qPCR TRG:ANLN fold change of WGA diagnostic samples from 149 patients. Three patients with an indeterminate result are not shown as their blast counts were <50%. (B) Representative Log-R ratio plot at the TRG locus (GRCh37/hg19 chr7:37868112-38678273) from CytoSNP-850K arrays for an ABD and (C) a non-ABD patient. Location of the V-J region amplified in the qPCR assay is shown. ABD: Absence of Biallelic Deletion; qPCR: quantitative polymerase chain reaction; IND: indeterminate.
By qPCR, 23 of 152 samples (15%) were classified as ABD, 110 (72%) as non-ABD, and 19 (13%) were indeterminate (16 with fold change 0.26–0.49; three with fold change >0.5 but blast count <50%) (Figure 1A). Baseline characteristics and survival of the 19 patients with indeterminate status were similar to the other 133 patients (Online Supplementary Table S3 and Table S4, and Online Supplementary Figure S3). Baseline characteristics of the 133 patients according to ABD status are outlined in Table 1. Of these, 118 also had single nucleotide polymorphism (SNP) array results at the TRG locus that were concordant with the qPCR findings (Figure 1B,C), including 22 ABD patients; array data was uninterpretable or not available for the remaining 15 cases.
[image: ]

Table 1.Baseline characteristics, treatment allocation, response and molecular characterization of the ABD and non-ABD groups.
However, there was no statistically significant difference in overall survival (OS) between the ABD and non-ABD groups (5-year OS, 87% vs. 90%, respectively; hazard ratio (HR) 1.67, 95% confidence intervals 0.54–5.17; P=0.37) (Figure 2A; Online Supplementary Table S5). There was also no significant difference in the relapse-free survival (RFS) (82% vs. 89%; HR 1.58, 0.52–4.86; P=0.42) (Figure 2B; Online Supplementary Table S5). Although there was a trend towards an inferior event-free survival (EFS) in the ABD group, this did not reach statistical significance (77% vs. 85%; HR 2.12, 0.88–5.12; P=0.09) (Figure 2C; Online Supplementary Table S5), and was impacted by seven non-relapse events in the ABD group (one infection-related death at induction, four deaths from causes other than ALL and two second malignancies).
[image: ]

Figure 2.Outcome and MRD-positivity in patients grouped according to their ABD status. Kaplan-Meier curves for (A) OS, (B) RFS and (C) EFS. (D) Scatter-plot showing percentage of MRD-positive cells at day 29. Patients with ≥0.01% positive cells were classified as MRD-positive. Red line: median level. OS: overall survival; EFS: event-free survival; RFS: relapse-free survival; ABD: Absence of Biallelic Deletion; MRD: minimal residual disease.
We have previously reported that patients treated on this trial with T-ALL and NOTCH1/FBXW7 double-mutant status had excellent OS (100%).10 However, the comparable survival of the ABD and non-ABD groups in our cohort could not be explained by this molecular subtype, since only two of the 23 ABD patients (9%) had NOTCH1/FBXW7 double-mutant status (Table 1).
There was, however, a significant association between MRD levels and ABD status. Only 9% of the ABD patients were MRD-negative at day 29 compared with 35% of the non-ABD patients (P=0.01, Fisher’s exact test). In addition, patients with ABD status and MRD results had higher median MRD levels compared with those with non-ABD status (2.519% vs. 0.0173% positive cells; P=0.03) (Figure 2D), suggesting that ABD status may highlight a high-risk group that is already identified by high MRD levels.
Moreover, more than three times as many ABD patients had an MRD indeterminate status compared to the non-ABD group (57% vs. 16%; P<0.001, Mantel-Haenszel test) (Table 1). This was mainly due to the fact that a higher proportion of ABD patients lacked MRD targets at diagnosis than the non-ABD patients (38% vs. 1%, respectively; P<0.001, Fisher’s exact test). MRD was evaluated by real-time qPCR analysis of the T-cell receptor gene rearrangement, and failure to detect a gene rearrangement target as an MRD marker in the ABD group is consistent with the same underlying biology as that of the ABD status, where developmental arrest occurs prior to V-J recombination. To address whether ABD status might be a useful alternative prognostic marker in this MRD indeterminate group, we analyzed outcome in this subgroup of patients. Our results show that in the MRD indeterminate cases who were eligible for RFS analysis, only three of 18 non-ABD (17%) and one of 12 ABD (8.3%) relapsed. Notably, MRD indeterminate status itself directed treatment intensity as these patients were not eligible on the trial for randomization to reduction of chemotherapy intensity. Thus, numbers are too small to make firm conclusions on the additional prognostic significance of ABD in this subgroup, which would need to be addressed in a larger prospective trial.
Our data is in marked contrast to the results from another study where the ABD subgroup, identified using the same TRG qPCR assay, was associated with a dismal outcome (5-year OS: 25% vs. 72% in the ABD and non-ABD groups, respectively).6 However, these patients were not treated using MRD-directed therapy, suggesting that differences in treatment protocols may impact on the prognosis of this subgroup. Within the ABD group of our cohort, 11 patients (48%) received the more intensive chemotherapy arm, Regimen C, including all eight MRD-positive patients, although none of the ABD patients proceeded to an allogeneic stem cell transplant in first remission. Notably, there was no statistical difference in the RFS of ABD and non-ABD patients treated on Regimen C (P=0.21) (Online Supplementary Figure S4A, Online Supplementary Table S6). The RFS for ABD patients treated on Regimens A or B was 100%, although it should be noted that none of them were MRD-positive (Online Supplementary Figure S4B, Online Supplementary Table S6). There was a trend towards an increased risk of relapse in MRD-positive ABD patients when compared to MRD-positive non-ABD patients (HR 3.22, 0.83–12.52; P=0.07) (Online Supplementary Figure S4C), which might relate to higher median MRD levels.11
The comparable survival of the ABD and non-ABD groups treated on the UKALL2003 trial is consistent with the outcome reported for patients on this trial according to their ETP status by immunophenotyping.12 Moreover, the comparable survival between these two groups is also consistent with the outcome reported for ETP and non-ETP patients from other pediatric MRD risk-directed studies.1413 In addition to this, our findings are similar to those recently reported for ABD status in adult T-ALL patients treated using response-based risk stratification and therapy intensification, including allogeneic stem cell transplantation.15
In conclusion, our data indicate that in pediatric/adolescent T-ALL, ABD status does not add further prognostic information nor justify treatment escalation beyond what can already be inferred by MRD analysis using a risk-adapted protocol.
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