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            Abstract
Refractoriness to induction chemotherapy and relapse after achievement of remission are the main obstacles to cure in acute myeloid leukaemia (AML)1. After standard induction chemotherapy, patients are assigned to different post-remission strategies on the basis of cytogenetic and molecular abnormalities that broadly define adverse, intermediate and favourable risk categories2,3. However, some patients do not respond to induction therapy and another subset will eventually relapse despite the lack of adverse risk factors4. There is an urgent need for better biomarkers to identify these high-risk patients before starting induction chemotherapy, to enable testing of alternative induction strategies in clinical trials5. The high rate of relapse in AML has been attributed to the persistence of leukaemia stem cells (LSCs), which possess a number of stem cell properties, including quiescence, that are linked to therapy resistance6,7,8,9,10. Here, to develop predictive and/or prognostic biomarkers related to stemness, we generated a list of genes that are differentially expressed between 138 LSC+ and 89 LSC− cell fractions from 78 AML patients validated by xenotransplantation. To extract the core transcriptional components of stemness relevant to clinical outcomes, we performed sparse regression analysis of LSC gene expression against survival in a large training cohort, generating a 17-gene LSC score (LSC17). The LSC17 score was highly prognostic in five independent cohorts comprising patients of diverse AML subtypes (n = 908) and contributed greatly to accurate prediction of initial therapy resistance. Patients with high LSC17 scores had poor outcomes with current treatments including allogeneic stem cell transplantation. The LSC17 score provides clinicians with a rapid and powerful tool to identify AML patients who do not benefit from standard therapy and who should be enrolled in trials evaluating novel upfront or post-remission strategies.
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                    Figure 1: Analysis of LSC-specific GE identifies an optimal 17-gene prognostic signature.[image: ]


Figure 2: LSC signature scores are associated with OS in multiple independent AML cohorts across different GE measurement platforms.[image: ]


Figure 3: Impact of aSCT on patient outcome.[image: ]


Figure 4: LSC17 score predicts therapy response.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Overview of LSC signature training and testing.
a, Clinical characteristics of the 78 patients analysed by xenotransplantation and microarray GE analysis. CMML, chronic myelomonocytic leukaemia; t-AML, therapy-associated AML; CN, cytogenetically normal. b, Schematic of the experimental protocol. c, d, Summary of functionally defined LSC+ and LSC− fractions in each phenotypic cell population as a whole (c) and for each patient (d). Red and blue denote LSC+ and LSC−, respectively. In d, each row represents fractions sorted from one patient sample. White boxes denote fractions that were not included in the analysis due to insufficient cell numbers for xenotransplantation and/or insufficient RNA. e, Strategy used to identify and test the 17 LSC signature genes. f, Key clinical characteristics of the GSE6891 signature training cohort. *P value calculated using the Wilcoxon rank-sum test; †P value calculated using the Student’s t-test; ‡P value calculated using Pearson’s chi-squared test; §P value calculated using log-rank test; ||P value calculated using Fisher’s exact test; ¶cytogenetic risk groups were defined as per GSE6891 investigators15.


Extended Data Figure 2 LSC17 and LSC3 scores are associated with survival in multiple AML cohorts.
a–n, q, Kaplan–Meier estimates of OS, EFS or RFS according to LSC17 scores in various patient cohorts, as indicated. In c, patients were also analysed according to whether or not CR was achieved after initial treatment (no CR, dotted lines; CR, solid lines). i, The subset of patients in the TCGA AML cohort with no clear genomic classification as defined previously21. o, Simon and Makuch estimates of OS, according to LSC17 scores and whether or not patients received aSCT (no aSCT, dotted lines; aSCT, solid lines). p, Kaplan–Meier estimates of OS of CN-LMR patients, according to LSC3 scores. In a–q, patients with scores above and below the median in each cohort are shown by red and blue lines, respectively. r, s, Kaplan–Meier estimates of RFS for patients with high (r) or low (s) LSC17 scores treated with standard chemotherapy with (red lines) or without (blue lines) addition of GO.
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