
10-110-2 10-3 10-4

FU1: MRD = 5.10-4
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MRD
Minimal/Measurable residual disease

“Persistence of leukemic cells at levels below detection by conventional methods”

Saygin C. et al., Haematologica 2022
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VP16, ARAC, 6MP (optional, 1 or 2 cycles)

HD-ARAC, DXM

HD-MTX, VCR, 1 triple IT

VCR/PDN reinduction

PDN, PO prednisone; DXM, dexamethasone; VCR, vincristine; 
DNR, daunorubicin; IDA, idarubicin; ARAC, cytarabine; 
L-Aspa, recombinant L-asparaginase; Peg-Aspa, Peg-asparaginase; 
MTX, methotrexate; Cy, cyclophosphamide; 
6MP, 6-mercaptopurine; 
IT, intrathecal; HD, high-dose
triple IT, MTX/ARAC/steroids

TP2
IG/TR

TP1
IG/TR

TP4
IG/TR

TP5
IG/TR

STANDARD-RISK

HIGH-RISK

VERY HIGH-RISK

MRD2 pos.

MRD1 ≥ 10-3

MRD2 neg.
and/or

high-risk genetic 
factors

TP3
IG/TR



I

•

•

•

•

Aurore Perrot et al. Blood 2018;132:2456-2464
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At response

confirm MRD negativity in patients 
with CR or sCR

At follow-up

Every 12 months in MRD-negative 
patients

11
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• NPM1mut

• t(8:21) RUNX1::RUNX1T1

• inv(16) CBFB::MYH11

• t(15;17) PML::RARA

• FLT3-ITD NGS-MRD (6 educational samples)

Scott et al, 2023 Blood advances
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CR MRD definitions

; Heuser et al. Blood 2021
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IG/TCR-BASED MRD: OVERVIEW

05/02/2026 15

IG/TCR-based MRD

Techniques and principles

• Real-time PCR = ASO-PCR

• NGS

• ASO-PCR versus NGS
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IG/TCR-BASED MRD: TECHNIQUES

05/02/2026 16

IG/TCR-based MRD

1. Real-time PCR: 

= ASO-PCR = allele specific oligonucleotide

• patient-specific assay → sensitivity 1E-04 – 1E-05

• TAT 1 day

• highly standardized protocol – EuroMRD - accredited

• ALL

2. NGS-MRD:

• sensitivity 1E-05 – 5E-06

• TAT 2 weeks

• implemented and accredited in Belgium – not the standard procedure

• ALL, MM 
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IG/TCR-BASED MRD: TECHNIQUES

05/02/2026 17

IG/TCR-based MRD

ALL

V-D-J recombination

DH -> JH rearrangement

VH -> DH-JH rearrangement

transcription

translation

insertioninsertionVH3-21 (germline DH3-3 (germline) JH4-1 (germline)

1. combination of V-D-J

2. deletions

3. insertions
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IG/TCR-BASED MRD: TECHNIQUES 

05/02/2026 18

IG/TCR-based MRD

ALL

1. ASO-PCR - patient specific primer

V-D-J recombination

DH -> JH rearrangement

VH -> DH-JH rearrangement

transcription

translation

insertioninsertionVH3-21 (germline DH3-3 (germline) JH4-1 (germline)

MRD
2. NGS - consensus primer
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ASO-PCR: DESIGN

05/02/2026 19

IG/TCR-based MRD

ALL

insertioninsertionVH3-21 (germline DH3-3 (germline) JH4-1 (germline)

ALL

insertioninsertionVH3-21 (germline DH3-3 (germline) JH4-1 (germline)

max. 8 primers
MRD-PCR: 2 primers

1 run/week:
PCR: 
Tuesday/Wednesday
NGS: 
over weekend

Primers recieved 
by Friday

1-3 days

1 day

Week 1

Week 2

Week 3

TAT 1 day  labour-intensive design

1. Detection of monoclonal rearrangement(s) – junctional region: PCR-based NGS

2. ASO-design

3. ASO-testing

A. Real-time PCR - estimation of the quality of the assay (60 C and 5 mM MgCl2)

B. Temperature gradient

C. MgCl2 gradient

4. MRD quantification
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ASO-PCR: SET-UP

dilution series of diagnostic sample
1E-01 - 1E-05

negative control = GL Pool

no template control (NTC)

follow-up

05/02/2026 20

IG/TCR-based MRD

Ct=cycling treshold = Cq=quantification cycle

→ MRD FU = 5E-04

treshold

Ct/Cq

1E-01
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 
FU

Ct FU: 
repl. 1: 31.9  
repl. 2: 31.8    
repl. 3: 31.6 
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ASO-PCR – DATA INTERPRETATION

05/02/2026 21

IG/TCR-based MRD

• EuroMRD guidelines - 2007
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ASO-PCR – DATA INTERPRETATION

05/02/2026 22

IG/TCR-based MRD

• EuroMRD guidelines - 2007

   
• Updated EuroMRD guidelines - 2024
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ASO-PCR – DATA INTERPRETATION

05/02/2026 23

IG/TCR-based MRD

updated EuroMRD guidelines (2024)

MRD negative
report: negative

MRD positive AND quantifiable
report: MRD value

MRD low positive, <QR (MRD value)
report: MRD low positive <1E-04 (4E-05)

MRD of uncertain significance
report: MRD of uncertain significance

- + ???
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ASO-PCR – DATA INTERPRETATION

05/02/2026 24

IG/TCR-based MRD

QR = 1E-04

Quantitative range (QR) and sensitivity

1E-01
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 
FU

treshold

Ct/Cq

QR sensitivity

repl. 1 and repl. 2

repl. 3

sensitivity = 1E-05 

ideal scenario: 2 targets QR = 1E-04 
1 target QR 1E-04 and 2nd target QR 5E-04 and sensitivity 1E-04 
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ASO-PCR – DATA INTERPRETATION

21/10/2025 25

IG/TCR-based MRD

MRD negative:

 

OR • all Ct values of the FU are more than 4 Ct 
above the highest Ct value of the sensitivity

• the lowest Ct value of the FU is whitin 1 Ct from the lowest Ct of the background

sens. 1E-05
Ct = 36.1
FU – Ct = 40.9
→ MRD neg.

1E-01
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 
FU

neg. ctrl.
FU lowest Ct background = 36.2

lowest Ct FU = 35.4 → MRD neg.

• no amplification of the FU
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ASO-PCR – DATA INTERPRETATION

05/02/2026 26

IG/TCR-based MRD

MRD positive:

 

1E-01      FU
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 

QR = 1E-04 with highest Ct value = 34.5
Ct FU: 
repl. 1: 31.9  
repl. 2: 31.8    mean Ct = 31.8
repl. 3: 31.6 
→ MRD positive AND quantifiable 
→ MRD = 5E-04

MRD positive AND quantifiable:
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ASO-PCR – DATA INTERPRETATION

05/02/2026 27

IG/TCR-based MRD

MRD positive:

MRD positive AND quantifiable:

 

1E-01      FU
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 

QR = 1E-04 with highest Ct value = 34.0
Ct FU: 
repl. 1: 34.2  
repl. 2: 35.4    mean Ct = 35.0
repl. 3: 35.3 
→ MRD positive NOT quantifiable
→ MRD positive <1E-04 
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ASO-PCR – DATA INTERPRETATION

05/02/2026 28

IG/TCR-based MRD

updated EuroMRD guidelines (2024)
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ASO-PCR – DATA INTERPRETATION

05/02/2026 29

IG/TCR-based MRD

updated EuroMRD guidelines (2024)

   

lowest Ct neg. ctrl.: 38.9
QR = 1E-04 with highest Ct value = 34.0
Ct FU: 
repl. 1: 34.2  
repl. 2: 35.4    mean Ct = 35.0
repl. 3: 35.3 
→ MRD low positive, <1E-04 (4E-05)

1E-01      
1E-02
1E-03
1E-04 
1E-05 
neg. ctrl.
NTC 
FU
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ASO-PCR – DATA INTERPRETATION

05/02/2026 30

IG/TCR-based MRD

updated EuroMRD guidelines (2024)

   

1E-01
1E-02
1E-03
1E-04 
1E-05
neg. ctrl.
NTC 
FU

lowest Ct neg. ctrl.: 40.1
QR = 1E-04 with highest Ct value = 35.7
Ct FU: 
repl. 1: /  
repl. 2: 36.5
repl. 3: 37.32 
→ MRD of uncertain significance
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ASO-PCR – DATA INTERPRETATION

05/02/2026 31

IG/TCR-based MRD

updated EuroMRD guidelines (2024)

   

true positive

TGTGCGAGAGGGTACAGGGGCTGGTTCGAC

VH4 JH5

sequence of diagnostic clone 

TGAGCCACAGTATACAGGGGCTGGTTACGG

sequence detected in FU – scenario 1

ASO-primer

ASO-PCR: MRD of uncertain significance

TGTGCGAGAGGGTACAGGGGCTGGTTCGAC

false positivesequence detected in FU – scenario 2

MRD negative
report: negative

MRD positive AND quantifiable
report: MRD value

MRD low positive, <QR (MRD value)
report: MRD low positive <1E-04 (4E-05)

MRD of uncertain significance
report: MRD of uncertain significance

- + ???
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ASO-PCR

05/02/2026 32

IG/TCR-based MRD

Pros and cons

✓ TAT

✓ Standardised

✓ Sensitivity 1E-04 – 1E-05

× Diagnostic DNA needed

× False negativity (subclone – VH-replacement)

× False positivity

   true positive

TGTGCGAGAGGGTACAGGGGCTGGTTCGAC

VH4 JH5

sequence of diagnostic clone 

TGAGCCACAGTATACAGGGGCTGGTTACGG

sequence detected in FU – scenario 1

ASO-primer

TGTGCGAGAGGGTACAGGGGCTGGTTCGAC

false positivesequence detected in FU – scenario 2

NGS
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ASO-PCR VERSUS NGS-MRD

33

ALL – FU: NGS-MRD

ALL – FU: ASO-PCR

05/02/2026

CGAGAGTGTACCTAACTGGGGATGGGGGTC

CGAGAGTGTACCTAACTGGGGATGGGGGTC 

CGAGAGTGTACCTAACTGGGGATGGGGGTC

ALL – diagnosis: NGS

IG/TCR-based MRD

✓ diagnostic and FU sample: same NGS workflow

FU: higher input of DNA and use of calibrator 
molecules (gBlocks)

result = PCR-product +/-/false positive

result = sequence +/-
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NGS-MRD

3405/02/2026

IG/TCR-based MRD

Lab set-up

1. IG/TCR PCR

• LymphoTrack – Invivoscribe
• EuroClonality

2. Amplicon purification

• AMPure XP – Beckman Coulter

3. Amplicon quantification

• Qubit – Life Technolgies
• Victor Nivo – Perkin Elmer

4. Library prep

5. NGS run

• MiSeq - Illumina
2x250/2x300 bp

6. Analysis

• LymphoTrack software
• VIDJIL

1 run/week → TAT 2 weeks
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NGS-MRD

3505/02/2026

IG/TCR-based MRD

Analysis

VIDJIL

Aurélien Béliard, Marc Duez, Mathieu Giraud, Ryan Herbert, Mikaël Salson, 
Tatiana Rocher and Florian Thonier – http://www.vidjil.org/

http://www.vidjil.org/
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NGS-MRD

3605/02/2026

IG/TCR-based MRD

Analysis

LymphoTrack

MM - diagnosis

MM - FU
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NGS-MRD

3705/02/2026

IG/TCR-based MRD

Non B cell leukocyte
B-cell
Leukemic B-cell

Extract DNAAlbumin PCR

NR = number of 
reference molecules

Sequence molecules

Ntot = total number 
of leukocytes

Amplify IgH molecules

→ MRD = 
                 

SL x (NR/SR)
                 Ntot

                 SB = number of B 
cell reads

SL = number of 
leukemic reads

SR = number of 
reference reads

→ coverage = 10xNR = 30x
SR = 300x

Add known quantity of 
reference IGH

MRD calculation
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TECHNIQUES: PROS AND CONS

05/02/2026 38

IG/TCR-based MRD

ASO-PCR

✓ TAT

✓ Standardised

✓ Sensitivity 1E-04 – 1E-05

× Diagnostic DNA needed

× False negativity (subclone – VH-replacement)

× False positivity

   

NGS-MRD

× TAT

✓ Standardised

✓ Sensitivity 1E-05 – 5E-06

✓ Less diagnostic DNA needed

✓ No false negative/positive → no grey area – no MRD 
of unknown significance

× Cost

   

!!!

 
 
 

!!!
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NGS-MRD

05/02/2026 39

IG/TCR-based MRD

sensitivity =                2
                      total number of cells tested

DNA input 600 ng = 100 000 cells

      sensitivity =       2         = 2E-05
                      100 000

sensitivity =       2         = 1E-05
                      200 000

testing in duplo = 200 000 cells

      

sensitivity 1E-06 → 2 000 000 cells = 12 µg DNA

      

→ sensitivity of 1E-05

DNA input of 200 000 cells and 10% B-cells

coverage of 10x (gBlocks) → total sequencing reads = 200 000

   

x



I

72% NGS-MRD 
positive (18/25)

100% NGS-MRD 
positive (11/11)

ASO-PCR VERSUS NGS-MRD

05/02/2026 40

IG/TCR-based MRD

time-frame: 02/10/2024 - 06/03/2025 

MRD negative
report: negative

MRD positive AND quantifiable
report: MRD value

MRD positive NOT quantifiable
report: positive <QR

+ NGS-MRD

11 PCRs (31%) 25 PCRs (69%)

36 PCRs
28 samples 

NGS not necessary added value of NGS
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ASO-PCR VERSUS NGS-MRD

05/02/2026 41

IG/TCR-based MRD

• MRD low positive, <QR:
100% NGS-MRD positive (11/11)

• MRD of uncertain significance:
72% NGS-MRD positive (18/25)

→ NGS not necessary

→ added value of NGS → NGS-MRD: in close consultation with clinician
→ re-assign to MRD negative group: overcome 

unnecessary bone marrow aspiration
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ASO-PCR VERSUS NGS-MRD

05/02/2026 42

IG/TCR-based MRD

Case:
B-ALL patient – diagnosis 07/03/2017 - relapse II 06/11/2024

MRD of uncertain significance: NGS-MRD in close consultation with clinician

clinician:
NGS? 
NGS neg.: no BM aspiration needed whitin 6 months

ASO-PCR 30/07/2025 positive, <5E-04 negative negative

NGS 30/07/2025 negative negative negative

technique sampling date marker 1 marker 2 overall result

ASO-PCR 6/12/2024 positive positive, <3E-04 positive, <3E-04

NGS 6/12/2024 positive positive positive

ASO-PCR 08/01/2025 negative negative negative

ASO-PCR 19/02/2025 negative negative negative

ASO-PCR 21/03/2025 negative negative negative

ASO-PCR 25/04/2025 negative negative negative
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ASO-PCR VERSUS NGS-MRD

05/02/2026 43

IG/TCR-based MRD

MRD of uncertain significance: NGS-MRD PSCT
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ASO-PCR VERSUS NGS-MRD
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IG/TCR-based MRD

MRD of uncertain significance: NGS-MRD PSCT

30 patients (228 samples) PSCT 
AND

 at least one sample MRD low positive (<1E-04) during PSCT monitoring

17 patients - long term CR after SCT 13 patients - relapsed

qPCR: 27 samples MRD low positive (<1E-04) PSCT 

NGS: 1/27 NGS-MRD positive (4%)

qPCR: 15 samples MRD low positive (<1E-04) PSCT

NGS: 10/15 NGS-MRD positive (66%)

→ Better specificity of NGS in PSCT
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ASO-PCR VERSUS NGS-MRD

05/02/2026 45

IG/TCR-based MRD

MRD of uncertain significance: NGS-MRD PSCT

Patient
Days 
PSCT

MRD qASO-PCR
MRD NGS Clinical outcome

ASO1 ASO2

MRD NGS positive
FU/last consult  (days 

PSCT)
Status

1 139

155

PNQ (3/3)

PNQ (3/3)

NA

NA

6E-05

4E-04

155 relapse (cutaneous lesion)

2 429 PNQ (1/3) negative 6E-04 1049 relapse (bone marrow)
3 111

196

PNQ (1/3)

negative

PNQ (3/3)

PNQ (1/3)

8E-05

1E-05

282 in remission

MRD NGS negative Last consult (days PSCT) Status

4 361

1093

negative

PNQ (1/3)

PNQ (3/3)

PNQ (2/3)

negative

negative

2220 in remission

5 159

244

negative

PNQ (1/3)

PNQ (1/3)

negative

negative

negative

1325 in remission

6 316 PNQ (1/3) negative negative 1175 in remission
7 526 PNQ (1/3) negative negative 931 in remission
8 62

89

PNQ (1/3)

PNQ (1/3)

negative

negative

negative

negative

89 in remission
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IG/TCR-BASED MRD: KEY MESSAGES

21/10/2025 46

IG/TCR-based MRD

▪ ASO-PCR 

= standard molecular technique for MRD in ALL

positive non-quantifiable ASO-PCR group - two subgroups:

• MRD low positive, <QR → true positive

• MRD of uncertain significance → false positivity possible

▪ NGS-MRD

• in ALL: to exclude ASO-PCR false positivity - in close consultation with 
clinicians

• In MM: CR
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MRD in AML
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MRD in AML
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IMRD in AML

50

Why?

Early MRD detection:

timely intervention and 
treatment adjustment

Limitations:

3/02/2026
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51

PML::RARA t(15;17) APL

- 2 major break points:

  bcr1 and bcr3

- Block differentiation and 
enhance proliferation

RUNX1::RUNX1T1 (ALM-ETO) 
t(8;21)

- Dominant repressor of RUNX1 

- Leukemic self-renewing

CBFB::MYH11 (inv16) t(16;16)

- Block myeloid diffrentiation 

- Favorable prognosis

3/02/2026
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52

NPM1 mutations

Nucleophosmin

Somatic mutations in exon 12

>50 Suptypes→ A: 75 à 80% (TCTG)

Favorabe prognosis

FLT3 mutations

fms related tyrosine kinase

FLT3-TKD vs FLT3-ITD

Intermediate risk group

3/02/2026
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•

•

• → cDNA

•

•

•

MRD in AML
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RNA DNA

Advantages

→

Disadvantages

MRD in AML

54
3/02/2026
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55

•

•

•

•

•

•

•

•

•

•

•

Figure:

1E-01 1E-03 Buffy coat

Figure sequencing procedure on flow cell 
(Zhou, X., Li, Y., 2015. From healthy microflora to disease. Atlas Oral 

Microbiol. 15–40. https://doi.org/10.1016/B978-0-12-802234-4.00002-1.)
Figure: distribution of samples on ddPCR

3/02/2026
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57

What?

A PCR technique in which a 
sample is devided into 

thousands of nanoliter sized 
droplets / chambers, allowing 

absolute quantification without 
need of standard curve.

Very high sensitivity 

Absolute quantification 

Less affected by PCR-efficiency 
High reproducibility

3/02/2026
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Steps Actions 

Sample preparation • RNA/(c)DNA
• PCR mix with primers and fluorescent probe
• ↑ replica → ↑ sensitivity
• Housekeeping gene

Droplet generator • Partitioning: 20000 oil droplets
• Ideally each droplet contains 0 to max 5 target molecules → 

each droplet acts as an individual PCR reaction

PCR amplification Droplets with target become fluorescent

Droplet reading • Droplets are analyzed one by one in the droplet reader
• Each droplet is scored as positive or negative

Data analysis (Poisson statistic) • Software calculates the absolute number of copies per µL
• No standard curve is required

MRD in AML

593/02/2026
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Well Sample Mar
ker

Conc
(copie
s/µl)

Accep
ted 
drople
ts

Positiv
es

negati
ves

C04 ME-1 
1E-02

Inv
16

54,4 19419 822 18597

D04 ME-1 
1E-02

Inv
16

53,2 19529 809 18720

E04 ME-1 
1E-03

Inv
16

3,67 19894 58 19836

F04 ME-1 
1E-03

Inv
16

4,2 18289 61 18228

G04 ME-1 
1E-04

Inv
16

0,255 19723 4 19719

H04 ME-1 
1E-04

Inv
16

0,455 19350 7 19343

A05 ME-1 
1E-04

Inv
16

0,373 20216 6 20210

B05 ME-1 
1E-04

Inv
16

0,456 19314 7 19307

MRD in AML

603/02/2026
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Well Sample Marker Conc
(copies/µl
)

Accepted 
droplets

Positives negatives

A01 HL60 M-
MLV

ABL1 1000000 20011 20011 0

B01 HL60 M-
MLV 1/10 
verd

ABL1 1424 17912 12137 5775

C01 HL60 
iScript

ABL1 67,1 18140 942 17199

D01 HL60 
iScript
1/10 verd

ABL1 5,83 17960 83 17877

E01 HL60 Vilo ABL1 1000000 18765 18765 0

F01 HL60 Vilo
1/10 verd

ABL1 1004 18901 10393 8508

G01 MQ ABL1 0 17986 0 17986

H01 MQ ABL1 0 17605 0 17605

MRD in AML

61
3/02/2026
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Gene of interest
(GOI)

Dilution  Droplets (80µl) SD (RMS) LOB LOD (droplets) LOD (droplets)

PML::RARA bcr1 1E-05 2,5 0,7 0 1,2 7

PML::RARA bcr3 1E-05 3 0,9 0 1,5 9

RUNX1::RUNX1T1 3E-06 11 1,1 0 1,8 11

CBFB::MYH11 3E-05 5 1,1 0 1,8 11

3/02/2026
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Droplet counts Interpretation Reporting Remarks 

< 2 positive droplets Negative No quantification <LOD

≥ 2 en < 10 positive droplets PNQ – positive not quantifiable Positive < LOQ 
(estimated value)

Log reduction against Dx

≥ 10 positive droplets Positive, quantifiable MRD burden (%)
Log reduction against Dx

MRD in AML

643/02/2026
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IMRD in AML
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Detection + 
Quantification → 
variant allel frequentie
(VAF)

Multiple genetic 
aberrations in a single 
assay

Beter comprehension 
+ deeper assessment 
of residual disease.

3/02/2026
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How?
PCR-reaction

Library preparation

Sequencing: MiSeq

 (1 million reads)

Bio informatics: variant call

(Pindel / Samtool Mpileup)

UZ Brussel: Amplicon-based NGS MRD / One-step PCR

3/02/2026
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Forward primer

Reverse primer

P5 read1index Target sequence

index read2 Target sequenceP7

Figure: Schematic representation of NGS primers, forward and reverse primers

3/02/2026
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• 

              Reads wild type + mutant

•


MRD in AML
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250.000 reads 500.000 reads

tot. #

reads

# reads 

Flt3-ITD

tot. # 

reads

# reads 

Flt3-ITD

MV4-11 1E-01 87710 4262 489623 19379

MV4-11 1E-02 104244 392 572341 1752

MV4-11 1E-03 104612 48 519512 214

MV4-11 5E-04 55460 0 257381 50

MV4-11 1E-04 115488 0 645726 12

MV4-11 5E-05 97690 0 551780 7

MV4-11 1E-05 97000 0 493391 0

3/02/2026
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Targeted FLT3-ITD UHS-NGS (FLT3-ITD/mutNPM1 or FLT3-ITD/NPM1 wild type) (LOD measured as VAF (%))

Time Point Tissue VAF (%) MRD burden Qualitative MRD 
response

2 cycles of intensive 
chemotherapy or 
pre-alloHCT

BM, PB <LOD Negative Optimal 

≥LOD Positive High risk of treatment 
failure

End of Treatment BM > PB <LOD Negative Optimal 

≥LOD Positive High risk of 
treatment failure

Follow-Up BM or PB <LOD Negative Optimal 

≥LOD MRD relapse MRD relapse

3/02/2026
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Time Point MRD 
burden

VAF (%) Qualitative 
MRD 
response

TP1 Positive 0,3 High risk of 
treatment 
failure

TP2 Positive 0,9 High risk of 
treatment 
failure

MRD in AML

73

• AML with NUP98::NSD1 fusion (t (5;11))

• Induction – consolidation – maintenance (midostaurin) 

• alloHCT: matched related donor 

• Died due to post-alloHCT complications

3/02/2026
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Emerging MRD Biomarkers Improvement in the sensitivity of techniques

Genetic biomarkers → loocking at mutations like IDH1/2, 
WT1, RUNX1, …

Ultra-deep NGS

Epigenetic biomarkers → DNA methylation patterns (stable 
MRD markers)

Error corrected sequencing

Advanced approaches → RNA based marker (gene 
expression) 

ddPCR on specific mutations

liquid biopsy Single cell sequencing

MRD in AML
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