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MDS with isolated 5q-  



Acute Promyelocytic Leukemia 
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AML:10-color-staining 



Karyotype: 46,XX,del(5)(q15q32) 



real time PCR 
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ÅGenome:  complete DNA of a being 

ÅIntron:  non coding region of a gene 

ÅExon:  coding region of a gene (1.5%) 

 

Some definitions é 



Exon (expressed region) or Intron (intervening region) 



RUNX1: Exon Structure 

7 amplicons 

Å Median: 342 bp 

Å Minimum: 341 bp 

Å Maximum: 348 bp 

Bi-directional sequencing  
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Transcript ID: ENST00000344691 



TET2: Exon Structure 
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13 amplicons 6 amplicons 

27 amplicons 

Å Median: 343 bp 

Å Minimum: 336 bp 

Å Maximum: 350 bp 

. 

Bi-directional sequencing  



Frequency and location of CALRmut 



- 12 missense (10.6%) 

- 18 nonsense (15.9%) 

- 83 frame-shift (73.5%) 

113 NOTCH1mut in 103/852 patients (12.1%): 

67.3% 

90.3% of mutations located  

in the C-terminal part 

Frequency and location of NOTCH1mut 



ü 73.9% (156/211): 1 mutation 

 

ü 26.1% (55/211): 2 (n=46) or more (n=9) mutations 

 

ü Recurrent codons: Arg135, Arg139, Asp171, Arg174  

Å Mutated cases: 
missense 

nonsense 

frame-shift 

in-frame 

splicing 

34.9% (96/275) 

14.2% (39/275) 

42.5% (117/275) 

4.0% (11/275) 

4.4% (12/275) 

Å 275 RUNX1 mutations observed in 25.9% (211/814) of cases 

Å Median clone size: 39% (ranging from 2% to 96%) 

Landscape of RUNX1 Mutations in AML 



Molecular workflow for hematology in 2015+ 

malignant cells  

DNA RNA 

PCR  

melting curve 
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NGS 
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incl.  results and  

recommendations 
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viable cells  



Fluidigm 48.48. Access Array Sample Prep 



Primer Pair 

Library 

 Genomic DNA 

Template Mix 

PCR Sequencing 

2,000,000  

Single Template PCRôs 

Droplet-based PCR Process 



ü 31 Gene panel 

Å ASXL1 

Å BCOR 

Å BRAF 

Å CALR 

Å CBL 

Å CSF3R 

Å DNMT3A 

Å ETV6 

Å EZH2 

Å FLT3-TKD 

Å GATA1 

Å GATA2 

Å IDH1 

Å IDH2 

Å JAK2 

Å KIT 

Å KLHL6  

Å KRAS 

Å MPL 

Å NPM1 

Å NRAS 

Å PHF6 

Å PTPN11 

Å SETBP1 

Å SF1 

Å SF3B1 

Å SRSF2 

Å TET2 

Å TP53 

Å U2AF1 

Å WT1 

ü Turn-around time: 6-7 days 

ü Input: 2.2 µg DNA 

ü 489 amplicons 

ü 10 samples per run 

Myeloid Gene Panel (Dx v2) 



ü Turn-around time: 6-7 days 

ü Input: 2.2 µg DNA 

ü 323 amplicons 

ü 10 samples per run 

ü 13 Gene panel: 

Å ATM 

Å BIRC3 

Å BRAF (V600) 

Å FBXW7  

Å KLHL6 

Å KRAS 

Å NOTCH1 (PEST) 

Å NRAS 

Å MYD88 

Å POT1 

Å SF3B1 (HEAT) 

Å TP53 

Å XPO1 

CLL Gene Panel 



 

 

RainDrop System for Panel/MRD 



Primer Pair 

Library 

 Genomic DNA 

Template Mix 

PCR Sequencing 

RainDrop PCR Process 



ü 53 Gene panel ü Input: <100ng DNA 

ü 533 amplicons 

ü 8 samples per run 

ThunderBolts Myeloid Panel 

Å ABL1 

Å ASXL1 

Å BCOR 

Å BCORL1 

Å BIRC3 

Å BRAF 

Å CALR 

Å CBL 

Å CBLB 

Å CDKN2A 

Å CEBPA 

Å CSF3R 

Å DNMT3A 

Å ETV6 

Å EZH2 

Å FBXW7 

Å FLT3-TKD 

Å GATA2 

 

Å GNAS 

Å IDH1 

Å IDH2 

Å IKZF1 

Å JAK2 

Å JAK3 

Å KDM6A 

Å KIT 

Å KRAS 

Å MAP2K1 

Å MLL 

Å MPL 

Å MYD88 

Å NOTCH1 

Å NPM1 

Å NRAS 

Å PHF6 

Å PTEN 

Å PTPN11 

Å RAD21 

Å RHOA 

Å RUNX1 

Å SETBP1 

Å SF3B1 

Å SMC1A 

Å SMC3 

Å SRSF2 

Å STAG2 

Å STAT3 

Å TET2 

Å TP53 

Å U2AF1 

Å WT1 

Å XPO1 

Å ZRSR2 

As agreed upon by HemOnc Consortium and Raindance 10/2014 



@M01261:54:000000000 -

A4RR3:1:1101:15637:1456 

1:N:0:1  

CAGGAACTCACTGCCTCCCAGCTCTGAAA

CATACCATTGTTCAAGTTGAACAGAAAGC

TGCACATGTATTTATCATACACTTTCCCT

CTTCTGTCAGCTTCATCTTGAGAAATAAT

CTAAAAAGAAAGACACAGGAGAAAATTCT

TTTGGATAAAGGTGATCAAGCCTGACAGT

CAGATCGGAAGAGCACACGTCTGAACTCC

AGTCACGAGTGGATCTCGTATGCCGTCTT

CTGCTTGAAAAAAAAAAAA 

+ 

BBBBBFFFFFFFCGGGGGGGGGHHHFB5F

FFHHHHFHHHHHHBFGGGHFHHHHHGHFH

GBFFHGHHHFGHHHHHHHHHHHHHHHHHH

GHHHHHHHHHHHHHFHHHHB5EFBGGHFH

HHFHFHFGGGHHHFHHGHH0FHFGHHHHH

HHHHGHHHHGHFHHFHHEFHGGHH2GFHH

HHHGHGHG/F/<CFHGHHGHHHGEDHHHH

FFGFHHGDG<GFHF0DGFEFHHGHGGGHG

HHHGGGFF0FFGGGG?=--  

Quality by cycle 

% Bases by cycle 
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Read-out: Illumina Miseq 



Myeloid Panel: Turn-around time 

Å10 samples per run 

ÅSample receipt on Monday 

 

 

 

 Turn-around time: 6 business days 



MDS 



L. Malcovati et al. for ELN, Blood, 122, 2943-2964, 2013  

MDS: ELN recommondations 



L. Malcovati et al. for ELN, Blood, 122, 2943-2964, 2013  

MDS: ELN recommondations 



Molecular/-genetic aberrations in MDS 

E. Papaemmanuil et al., Blood 122, 3616-3627, 2013 

n = 738 patients, 111 genes, 43 genes with mutations 

mean age: 68  

patients with cytogenetic aberrations: 33% 

patients with molecular oncogenic aberrations:  78% 



Genes mutated in MDS 

E. Papaemmanuil et al., Blood 122, 3616-3627, 2013 



Genes mutated in MDS 

E. Papaemmanuil et al., Blood 122, 3616-3627, 2013 



T. Haferlach et al., Leukemia, 28, 241-247, 2014 

Genes mutated in MDS 

n = 944, 104 genes, 47 genes with mutations 

median age: 72.8  (range 23.3-90.8)  

patients with cytogenetic aberrations: 31.4% 

patients with molecular aberrations: 89.5%  



Frequency of Genes being mutated 

median per patient: 3 

range 0-12 

T. Haferlach et al., Leukemia, 28, 241-247, 2014 



Prognostic models beyond IPSS-R 

Model 1: 14 genes + age + WBC, 

Hb, Plt, % blasts, Cytogenetics 

according IPSS-R  

Model 2: 14 genes only             

(13/14 from Model 1) 

T. Haferlach et al., Leukemia, 28, 241-247, 2014 



Papaemmanuil et al. Haferlach et al. 

Demographics 

Patients (n=) 738 944 

Age (years) 68 (median) 72.8 (mean) 

Males:females (ratio) 415:323 (1.3) 580:364 (1.6) 

Median follow-up (in months) 12 32.3 

MDS subtypes 

RA 139 (18.8%) 41 (4.3%) 

RARS 92 (12.5%) 81 (8.6%) 

RARS-T 17 (2.3%) 28 (3.0%) 

RCMD 126 (17.1%) 195 (20.7%) 

RCMD-RS 59 (8.0%) 183 (19.4%) 

5q- 20 (2.7%) 37 (3.9%) 

other 285 (38.6%) 379 (40.1%) 

Cytogenetics, karyotype 

Normal:abnormal (ratio) 425:213 (2.0) 648:296 (2.2) 

Targeted DNA sequencing 

Genes, analyzed 111 104 

Genes, significantly mutated[1] 43 47 

Number of mutations 2,260 2,764 

Affected patients (%) 549 (74.4%) 845 (89.5%) 

Comparison of two MDS Cohorts 

D. Rose et al., BJH, 167, 278-281, 2014 



Comparison of two MDS Cohorts 

Ɇ 172 

D. Rose et al., BJH, 167, 278-281, 2014 



Comparison of two MDS Cohorts 

E. Papaemmanuil et al. T. Haferlach et al. 

p < 10-9 

D. Rose et al., BJH, 167, 278-281, 2014 



Tyrosin Kinase Pathway Transcription Factors others 

Epigenetic Regulation Splicing 

JAK2 
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CBL PTPN11 
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RUNX1 
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(adapted from G. Mufti) 

Mutations in MDS 



PCR 

Sequencing 

RainDrop System for MRD 

PCR 

Droplet 

Generation 

Droplet 

Generation 

Droplet 

Detection 

1. Screening 

2. MRD 



PCR 

Sequencing 

RainDrop System for MRD 

PCR 

Droplet 

Generation 

Droplet 

Generation 

Droplet 

Detection 

1. Screening 

2. MRD 



NPM1mut/ABL: RainDrop vs. Fluidigm EP1 

r = 0.75 



RUNX1: RainDrop vs. Roche 454 

454 ï Run #1 r = 0,9966  

454 ï Run #2 r = 0,9968 



Guidelines for NGS ? 



A. Gargis et al., Nature Biotechnology; 30: 1033-1036, 2012 Nature Biotechnology; Vol. 30: Issue 11, 2012 

NGS: Standardization of Clinical Testing (Nex-StoCT) 


