
Supplementary Table 1. Patient characteristics according to presence or absence of MRD data 
 

MRD data 

N=609 

No MRD data 

N=235 

P value 

Treatment Randomisation    

     GO1 307 (50%) 115 (49%) 0.701 

     GO2 302 (50%) 120 (51%)  

Age    median (Qrange) 67 (51 – 81) 68 (50 – 79) 0.025 

    <65 179 (29%) 59 (25%) 0.046 

    65-69 241 (40%) 82 (35%)  

    70+ 189 (31%) 94 (40%)  

Male 373 (61%) 138 (59%) 0.501 

WBC x 109 / L   median (Qrange) 6 (0.4 – 416.6) 5.2 (0.3 – 198.2) 0.289 

       <10 353 (58%) 140 (60%) 0.830 

        10 – 49.9 184 (30%) 66 (28%)  

        50+ 72 (12%) 29 (12%)  

Diagnosis    

     De Novo AML 494 (81%) 179 (76%) 0.257 

     Secondary AML 61 (10%) 28 (12%)  

     High Risk MDS 54 (9%) 28 (12%)  

 Performance ID  (ECOG)    

     0 312 (51%) 92 (39%) <0.001 

     1 272 (45%) 114 (49%)  

     2 25 (4%) 29 (12%)  

Genetic risk    

  Cytogenetic (Grimwade2010)    

        Favorable 24 (5%) 6 (3%) 0.727 

        Intermediate 415 (75%) 143 (73%)  

        Adverse 73 (13%) 30 (16%)  

        Unknown  40 (7%) 16 (8%)  

   TP53+ 45 (8%) 24 (12%) 0.085 

   ALFA 1200    

      Go-go (Favorable) 203 (40%) 71 (40%) 0.234 

       Slow-go  (Intermediate) 272 (53%) 88 (49%)  

       No-Go (Unfavorable) 37 (7%) 20 (11%)  



 

 

Supplementary Table 2.  Recovery Times and Resource Usage by Treatment Arm  

  GO1 GO2    P value* 

Neutrophil recovery Time from start of Course 1 

Days, median [IQR] 

      

        

                 All  patients  29 [26,35] 29 [26, 33] 0.348 

               Clinical Secondary AML    31 [27.5, 33.5] 30 [26, 35] 0.564 

               Genetic Secondary AML    32 [27, 37] 30 [28, 35] 0.972 

 

Platelet recovery Time from start of Course 1 

Days, median [IQR] 

      

        

             All  patients  29 [26,33] 30 [26,35] 0.074 

             Clinical Secondary AML    30 [26, 38] 31 [25, 35] 0.623 

            Genetic Secondary AML   30 [26, 35] 32 [27, 40] 0.027 

        

Resource usage       

            Units of blood 9 [6, 12] 9 [6, 13] 0.594 

            Units of platelets 11 [7, 16] 13 [8, 19] 0.002 

            Days of IV antibiotics 19 [12, 26] 20 [14, 26] 0.335 

            Days of oral antibiotics 7 [0, 18] 7 [0, 16] 0.782 

            Nights in hospital 33 [28, 40] 34 [28, 40] 0.937 

        

Time to Course 2  

Days, median [IQR]* 

48 [43, 55]  48 [44, 56] 0.542 

 

Legend. Log-rank test to compare the durations and Wilcoxon rank – sum (Mann–Whitney) test for comparing 

the number of units.  

*for patients receiving course 2 on trial (GO1, 309; GO2, 304).  

Abbreviations: IQR, interquartile range 

 

  



Supplementary Figure Legends 

 

Supplementary Figure 1.  

Disposition of MRD data.     

 

Supplementary Figure 2. 

Subgroup analysis of overall survival for baseline characteristics according to treatment arm. 

 

Supplementary Figure 3.  Remission rates by molecular subtypes according to treatment arms,  

includes randomised patients without MRD data. 

 

Supplementary Figure 4. A. Overall survival by Molecular Subtypes according to treatment arm   

B. Overall survival in IDH mutated patients with or without secondary-type AML mutations according to 

treatment arm   

C. Forest plot for OS in patients without adverse cytogenetics/mutated TP53 by presence or not of secondary-

type AML mutations 

 

Key  sAML, secondary AML 

 

Supplementary Figure 5. Adverse Events (intention to treat population). 

The percentage of patients with grades 1-5  events are shown for adverse events by treatment arm. 

Inset table shows adverse event early deaths (day 60 deaths)  by treatment arm 
 

Supplementary Figure 6. Relapse free survival by treatment arm of patients who received an allogeneic stem cell 

transplantation in first remission, landmarked from the date of transplantation. 

Supplementary Figure 7. Flow cytometric MRD levels in BM post course 1 according to treatment arm in 

patients 70yrs old. Median levels, presented as a percentage, were lower in GO2 arm (median, 25-75% 

quartiles with 1-99   percentiles are shown) although p value did not reach significance (P=0.0708 using the 

Mann-Whitney U test for continuous variables).  Results represent all patients with MRD data (including those 

not in CR/CRi post course 1). Of patients  70yrs old without MRD data post course 1, 65.9% (27/41) and 56.6% 

(30/53) were refractory in GO1 and GO2 arms respectively.  
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Supplementary Figure 1.  Disposition of MRD data



 

 

Supplementary Figure 2. Subgroup analysis of overall survival for baseline characteristics according to treatment arm.



 

 

 

  

Supplementary Figure 3.  Remission rates by Molecular subtypes



 

   
Supplementary Figure 4A 

Forest plot for OS by molecular subtype  



 
 

 

Supplementary Figure 4B Forest plot for OS in IDH mutated patients with or without secondary-type AML mutations

with sAML-like mutations

no sAML-like mutations

Deaths / Patients



  

Supplementary Figure 4C Forest plot for OS in patients without adverse cytogenetics/TP53 by presence or not of 
secondary-type AML mutations

no sAML-like mutations

with sAML-like mutations
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Supplementary Figure 6. 
Relapse free survival by treatment arm of patients who received an allogeneic stem cell transplant in first remission
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Supplementary Figure 7. Flow cytometric MRD levels in BM post course 1 according to treatment arm in patients 70yrs old. 



Supplementary Methods 

 

Targeted sequencing 

Mutational analysis was performed using a targeted panel of DNA capture probes 
designed to achieve full exonic coverage of 87 genes recurrently mutated in myeloid 
malignancies and hotspot coverage of an additional 10 genes1-6. DNA from peripheral blood 
or bone marrow mononuclear cells (MNCs) was extracted from baseline samples. Pre-capture 
DNA libraries were prepared using the KAPA HyperPlus protocol (KK8514, Roche) using a 
Biomek FXp Automated Workstation (Beckman Coulter). 100ng of genomic DNA was used as 
input for library preparation and amplified with 6 cycles of PCR according to the manufacturer’s 
instructions. Targeted capture was performed using a custom pool of biotinylated capture 
probes (SeqCap EZ Prime Choice, Roche). Amplified DNA libraries were multiplexed in pools 
of 12 samples using 100ng of each library and hybridized to the capture probes according to 
the manufacturer’s instructions. The captured DNA libraries were amplified by 14 cycles of 
PCR using a KAPA HiFi HotStart DNA polymerase and purified using AMPure XP Beads.  

Post-capture amplified DNA libraries were quantified by Qubit (Life Technologies) and size 
distribution and quality analyzed using a Bioanalyzer chip (Agilent Technologies). Libraries 
were pooled in equimolar concentrations and were sequenced on an Illumina NextSeq 500 
using 150 bp paired-end reads. 

Variant calling in targeted panel sequencing 

Sequencing data were analyzed in a custom pipeline based on the GATK Best Practices 
(GATK v4.1.2.0 and Picard v2.21.3). Raw sequencing reads were converted to an unmapped 
BAM file and adapter sequences soft-clipped using Picard MarkIlluminaAdapters. Following 
conversion back to a FASTQ file, reads were mapped to the hg38 human reference genome 
assembly using the Burrows–Wheeler aligner v0.7.17 7 with alternate contig-aware alignment. 
Mapped and unmapped BAM files were merged using MergeBamAlignment and reads from 
different sequencing lanes were combined. Duplicate reads were marked using Picard 
MarkDuplicates and base quality scores recalibrated with GATK BaseRecalibrator and 
ApplyBQSR. Somatic variant calling was performed on the pre-processed BAM files using 
VarDictJava v1.7.0 8 and Mutect2 9 in tumour-only mode. For VarDict, variants were called 
with a minimum variant allele frequency of 0.01, minimum base quality score of 25 and 
minimum supporting reads of 2, with indel realignment and removal of adapter sequences. 
For Mutect2, a minimum tumor LOD of 1 was used, and variants were filtered for sequence 
context-dependent artefacts using FilterMutectCalls and FilterByOrientationBias. Indels were 
left-aligned and normalized using bcftools norm (v1.9). Variants were annotated using 
Annovar.10 Target enrichment metrics and coverage was calculated using Picard 
CollectHsMetrics and only samples with a median target coverage >140x non-duplicate reads 
were used for downstream analysis.  

VarDict and Mutect2 variant calls were analyzed separately to identify a consensus list of high-
confidence variants. The following post-processing filters were applied to VarDict calls to 
exclude likely sequencing artefacts: (1) Minimum of 5 variant reads for SNVs (with at least 2 
reads in forward and reverse directions), or minimum of 10 variant reads for indels (with at 
least 4 reads in forward and reverse directions). (2) Minimum base quality score 30. (3) 
Minimum mapping quality score 40, except for variants in U2AF1;U2AF1L5, where the 
mapping quality was ignored. This is because in hg38, there is a duplication of the U2AF1 
gene on chromosome 21 called U2AF1L5, which results in reads being flagged as multi-
mapped. (4) No position bias towards beginning or end of reads. The following post-
processing filters were applied to Mutect2 calls: (1) Passed all default Mutect2 filters or only 
failing one of the ‘clustered_events’, ‘haplotype’, ‘germline’ or ‘slippage’ filters. 2) Minimum of 



5 variant reads for SNVs (with at least 2 reads in forward and reverse directions), or minimum 
of 10 variant reads for indels (with at least 4 reads in forward and reverse directions). 

Variants were flagged as likely germline or sequencing artefacts if any of the following applied: 
(1) Variants with a population allele frequency >1 in 1,000 according to any of three large 
polymorphism databases (Gnomad, 1000 Genomes Project, ESP6500) that is not a hotspot 
driver mutation with COSMIC (v88) recurrence >100 or is present in a list of clonal 
hematopoiesis-associated mutations compiled from five large studies. 3,4,6,11,12 (2) Variants 
detected ≥2 times in a panel of ~100 normal cord blood and bone marrow samples from 
healthy individuals. (3) Variants that were recurrent in ≥5% of the cohort unless previously 
reported as somatic in COSMIC (v88).  

Finally, we kept non-synonymous exonic and splicing variants with a variant allele frequency 
≥0.02 for the final analysis. Filtered variants from Mutect2 and VarDict were intersected, and 
variants called by both callers were retained. The remaining variants that were only called by 
one of the two callers were further inspected using the Integrated Genome Viewer (IGV) and 
only high confidence variants were included in the final variant list, matching any of the 
following criteria: (1) Known hotspots (previously reported in haematological malignancies in 
COSMIC >=5 times). (2) FLT3 internal tandem duplications (ITDs) and NPM1 4 bp insertions. 
(2) Variants previously observed in other samples in our own datasets. (4) Variants with VAF 
of ≥5%.  

To improve the detection of FLT3 ITDs we additionally called variants using Pindel (v0.2.5b9) 
with minimum mutant reads set to 2. FLT3 ITDs > 2% VAF that were not identified by Mutect2 
or VarDict were additionally included.  The vast majority (157/166; 94.6%) of patients with 
FLT3-ITD were already identified by Mutect2 or VarDict, whereas 9/166 (5.4%) were detected 
by Pindel only. 

 

Multiparameter Flow Cytometry (MFC) detection of MRD  

 

Patients’ samples were sent by overnight mail to the reference laboratory. Following 

ammonium chloride lysis, nucleated cells of bone marrow (and /or blood at diagnosis) were 

labelled with antibody panel shown in Supplementary Methods Table 1 for flow cytometric 

MRD analysis as previously described13-15. The conventional AML MFC-MRD assay screened 

for abnormal immunophenotypic expression in 2 antibody combinations (tubes 1 & 2) 

containing ELN recommended markers. In addition, Tube 3 was applied to detect 

immunophenotypic LSC-type aberrancies (from CLL1/ CD45RA/ CD123 expression on 

CD34+CD38-CD19- cells) with assay detection threshold of 0.02%. Cell acquisition was 

performed on a FACSCanto (BD Biosciences) flow cytometer. Acquisition was set for 500,000 

to 1 million cells or as many cell events as possible for MRD samples. Post-acquisition 

analysis of the flow cytometry data was performed (blinded to clinical data) using FlowJo 

software (Treestar Inc). Data review for analyses included periodically updated reference 

control bone marrow profiles. Viability, acquisition and autofluorescence artefact and 

hemodilution (by CD11b / CD13 myeloid maturation profile) were assessed in acquisition 

generated flow cytometry standard (FCS) data files. Results from tube 3 provided additional 

information to tubes 1-2 for MFC-MRD but were not quantitated as LSC separately in this 

study. CD33 expression profile was evaluated on global myeloid cells including monocytes in 

order to exclude interference to detection of aberrant immunophenotypes from potential loss 

of CD33 binding /expression resulting from CD33 splicing polymorphisms or possibly from 

GO.  In the first 500 MRD samples, global low myeloid expression was infrequent and not 

increased in GO2 (5 of 248 samples) compared to GO1  (10 of 252 samples).   

 



MFC-MRD analysis 

Flow cytometric MRD testing combined detection of diagnostic leukemic aberrant 

immunophenotypes (LAIP) and different from normal aberrant immunophenotypes (DfN) as 

per  consensus recommendations16,17 with any measurable level of MRD considered positive 

(above sensitivity threshold of 0.02-0.05% of leukocytes). An MRD negative result required 

negativity in an adequate bone marrow by both DfN and LAIP analysis (prerequisite of LAIP 

target(s) identified at baseline).  

Baseline LAIPs were selected from blast subpopulations in diagnostic samples (bone marrow 

and /or blood that deviated from the normal antigen profiles with sufficient detection sensitivity, 

usually comprised >10% of leukemic blasts and, from previous data13,14,18  were known to be 

stable at follow-up (~0.02-0.05% sensitivity thresholds).  Most LAIPs were defined by pre-set 

‘different-from normal’ regions (gates) applied to CD117+ and CD34+ blasts (gated by 

FSC/SSC/CD45/ CD117 or CD34). This analysis approach was also applied to screen for any 

DfN aberrant immunophenotypes in all MRD samples including those with no baseline data.  

DfN pre-set gates were ‘empty’ for control bone marrow CD117+ or CD34+ blasts  (empty 

defined as <10-4 mean+SD of >20 reference bone marrows).  LAIP/DfN gates that included 

weak CD33 as a parameter were adjusted or excluded if myeloid CD33 expression was 

globally low.  If LAIP/DfN gates included events that might result from background (including 

artefact from autofluorescence), backgating was performed to check distribution of events in 

other marker and light scatter profiles.   When there were increased myeloid blasts but no 

LAIPs from ‘different to normal’ regions, CD117+ and/or CD34+ leukemic blasts  were 

overlayed with reference controls (‘normal’ CD117+ and/or CD34+ blasts) to further check for 

aberrant immunophenotypes.  If there was an expanded myeloid blast population that  was 

mainly or all negative for CD117 and CD34, blasts were gated by CD45/SSC or FSC/SSC 

then CD45intermediate and other markers (such as HLADR, CD56, CD33, CD13) followed by 

overlaying with reference controls to identify LAIPs for which sensitivity threshold was at least 

0.05% of leukocytes. Potential LAIPs that overlapped with mature monocyte profiles (usually 

because of higher CD45 expression) were not reported as MRD unless these predominated 

in patients with clear refractory disease by flow cytometry. Our panel was insufficiently 

comprehensive to discriminate monocytic LAIPs for MRD sensitivity. 

  MRD percentages were reported as percentage of leukocytes (CD45+) expressing the 

identified blast LAIP with the highest frequency and/or specificity and stability16,17.  Any level 

of MRD detected above the sensitivity threshold for a baseline defined LAIP was reported as 

MRD positive in AML18.  MRD positivity was reported by different from normal approach if 

above sensitivity threshold (0.02%-0.05%, or >0.1% when increased background below this 

level from autofluorescence / viability artefact) in the pre-set different-from-normal gates. In 

some patients minor or major immunophenotypic changes from baseline or previous MRD 

sample LAIPs were detected but reported as MRD if fulfilled criteria for ‘different-from-normal’ 

approach.   Samples were not reported if poor viability and/or fluorescent artefact with 

unacceptable background. Inadequate follow-up samples defined by <0.1% blasts and/or 

<100 cell events within the total blast (gated by CD45/SSC plus CD34+ and/or CD117+ gate) 

were also excluded from data analysis unless there was detectable MRD from a distinct 

aberrant cluster of at least 30-50 LAIP cell events.   

 

Supplementary Methods Table 1.    Flow cytometric MRD Antibody Panel 

 



Tube 

No.  

FITC PE PerCP PECy7 APC APC H7 BV 510 BV 421  

1 HLADR  

L243 (BD)  

CD13  

L138 

(BD) 

CD34  

8G12 (BD) 

CD117 

1042D2 

(BD) 

CD33  

P67.6 

(BD)  

CD45  

2D1 

(BD) 

CD14  

SJ25C1 

(BD) 

CD11b 

ICRF44 

(BD) 

2 CD38  

HB7 (BD) 

CD56  

MY31 

(BD) 

CD34 CD117 CD33 CD45 CD19 

(Biolegend) 

CD7 

M-T701 

(BD) 

3 CLL1  

(CLEC12A, BD)  

CD123 

7G3 

(BD) 

CD34  CD117 CD19  

SJ25C1 

(BD) 

CD45RA 

HI100 

(BD) 

CD45 

HI30 (BD) 

CD38 

HIT2 

(BD) 

 

  

    BD – Becton Dickinson Biosciences, Oxford, United Kingdom  
    BD Pharmingen – Becton Dickinson Biosciences - Pharmingen, Oxford, United Kingdom  
    Dako - Dako Agilent Technology 
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Hamid, Marcin Lubowiecki, Royal Cornwall Hospital (Treliske), Dr Bryson Pottinger, Dr 
David Tucker, Ruth Witherall, Elizabeth Parkins, Adam Forbes, Royal Devon & Exeter 
Hospital, Dr Thomas Coates, Dr Jackie Ruell, Dr Paul Kerr, Dr Loretta Ngu, Dr Anthony 
Todd, Royal Free Hospital, Dr P Kottaridis, Dr Kate Cwynarsky, Dr Chris McNamara, Dr 
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