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Minimal or measurable ?

can’t be 

seen

Saygin G et al, Haematologica 2022



How to measure the minimal

Saygin G et al, Haematologica 2022



Pitfalls in MRD analysis
• Patients without MRD study

⎼ No or poor BM cell sampling

⎼ Technical failure/no IG/TCR molecular probe                                                                                                 
(less concerns with gene rearrangements and MFC)

• Maximum sensitivity 10-5 (likely to improve)
⎼ 25% MRD negative patients will relapse

SUGGESTING, «true» MRD negativity lower than commonly reported

STUDY (N) CR (%) Key MRD timepoint(s) MRD evaluable
NILG 09/00 (N 304)1 258 (85) wk 16-22 77.5 % 
NILG 10/07 (N 163)1 142 (87) wk 10-22 77 %
GMALL 07/03 (N 2061)2 1857 (90) wk 16 53 % (2003-2009)

69 % (2010-2016)

1Bassan R et al, Clin Lymph Myeloma Leuk 2017; 2Goekbuget N et al, Blood 2017 [abstr]



Descriptive studies - I

Mortuza FY et al, J Clin Oncol 2002

UKALL XII
B-ALL patients

(cumulative chemo/SCT)

GMALL 05-06
Standard risk B/T-ALL patients
(chemo – 1-year maintenance)

Bruggemann M et al, Blood 2006

High relapse rate with ‘limited’ chemo



Descriptive studies - II
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Four gene prognostic classifier (adverse, G+) and MRD
B-ALL: MLL rearrangement and/or IKZF1 deletion

T-ALL: Unmutated NOTCH/FBXW7 and/or RAS/PTEN abnormalities

GRAALL 2003-2005

Allogeneic SCT vs. MRD
in HR ALL

Beldjord K et al, Blood 2014 Dhédin N et al, Blood 2015 



Quantitative risk
Risk of very early relapse
in allo-SCT eligible patients



In the clinics: to take decisions

Goekbuget N, ASH Educational 2021



Interventional studies - I
GMALL 06-07

SR B/T-ALL patients (HR to allo-SCT)
RISK ORIENTED in SR: MRD

Goekbuget N et al, Blood 2012

PETHEMA ALL-AR-03 and HR-11
HR patients

RISK ORIENTED: 
d14 BM blasts and MRD                         MRD                          

Ribera JM et al, J Clin Oncol 2014 and Blood 2020



NILG and GIMEMA strategy

To Chemo

SR: WBC <30 (B) / 100 (T),             
no pro-B, no early/mature-T, 

no adverse genetics, CR cycle 1

HR (B): WBC >30, pro-B,                
no adverse genetics, late CR

VHR: WBC >100, early/mature-T, 
adverse genetics

To SCT

MRDneg/unknown

MRDneg MRDpos/unknown

MRDpos

MRDany

MRDneg < 10-4 @ w10-16, negative @ w22 MRDpos ≥ 10-4 @ w10-16, positive @ w22



Interventional studies - II
NILG 09/00 and 10/07; GIMEMA LAL 1913

Age 18-65, SR and HR patients (VHR to allo-SCT) 
RISK ORIENTED: MRD                          

Bassan R et al, Blood 2009; Blood 
Cancer J 2014 and 2019 Bassan R et al, EHA 2022

58.6% with 
end of induction MRD <10-4



Improving risk stratification - II

Moorman A, et al. HemaSphere 2019;3:748–9 (abstr #S1621).

Prognostic IndexUKALL
Ƭ(MRD*)×-0.218 

+ CYTO-GR×-0.440 
+ CYTO-HR×1.066  
+ log(WCC*)×0.138

EFS 90%

MAC

RICEFS 31%

Relapse 42%

chemo

*continuous risk variables



PI2 
score

P-
value

Relapse rate 
(3-year)

EFS (3-
year) 

≤-0.5 6% (2–22) 65% (46–79)

>-0.5 0.011 52% (23–88) 38% (10–66)

PI2 
score p value Relapse rate 

(3 yr) EFS (3 yr) 

≤-2 27% (16-45) 62% (45-75)

>-2 0.011 49% (35-65) 31% (17-46)

MACs

PIUKALL vs. SCT



Improving MRD analysis: NGS
RQ-PCR NGS

Uncertain prognostic effects of molecular
MRD Not Evaluable (MolNE) by RQ-PCR
with probe sensitivity at least 10-4

• MolCR: negative
• MolFail: ≥ 10-4 Kotrova M et al, Blood Adv 2022



Summing up

• MRD as key prognostic factor and determinant
of allo-SCT choice

• MRD interacts with other (WBC / GENETICS) 
toward integrated risk models

• MRD analysis can be improved (NGS, ddPCR)

• MRD is a therapeutic target and supports 
progress in ALL therapy
– New MRD-oriented therapies
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