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MRD in B-lymphoblastic leukemia
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• Sophisticated methods for the detection of
„measurable / minimal residual disease“
have been developed in recent years.
These include Multicolor Flow Cytometry
(MFC) clone specific quantitative PCR and
NGS.

• MRD at different time points has different
implications. In first-line therapy, MRD
implies major prognostic information,
whereas in later stages of the disease MRD
post therapy gives less information
regarding long term remission and cure.

CR with MRD (MRDpos)

CR without MRD (MRDneg)
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• Sophisticated methods for the detection of
„measurable / minimal residual disease“
have been developed in recent years.
These include Multicolor Flow Cytometry
(MFC) clone specific quantitative PCR and
NGS.

• MRD at different time points has different
implications. In first-line therapy, MRD
implies major prognostic information,
whereas in later stages of the disease MRD
post therapy gives less information
regarding long term remission and cure.

• However, MRD negativity does not imply
unconditional freedom from relapse.



Role of MRD at different time points

1. Before alloHSCT

a. Relevance
b. Strategies for improvement

2. After alloHSCT

1. Relevance
2. Strategies for improvement

3.   After Second line therapy

a. Relevance
b. Strategies for improvement
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Strategies to achieve MRD negativity before transplantation
in B-lymphoblastic leukemia

• chemotherapy +/-unarmed (naked antibodies), e.g. Rituximab

• armed (=conjungated antibodies), e.g. Inotuzumab

• bispecific T-cell engagers (BiTE®), e.g. Blinatomomab

• chimeric antigen receptor (CAR) T-cells, e.g. Tisagenlecleucel or KTE-X19



Blinatumomab

Blood 2018 





15 - MRD+ disease during chemotherapy (molecular failure)
5 - MRD+ relapse (molecular relapse)







Conclusion I

• Achieving MRD negativity before alloHSCT in high-risk ALL 
is of high relvance for cure

• Currently Blinatumomab is the drug of choice to eradicate
MRD before alloHSCT in B-lineage ALL

• There currently is no standard option to improve MRD 
status in T-ALL (Nelarabine? Venetoclax + X? Improved conditioning?)
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Strategies to achieve MRD negativity after transplantation in 
lymphoblastic leukemia

• Additional chemotherapy (maintenance)+/unarmed (naked antibodies), e.g. Rituximab

• armed (=conjungated antibodies), e.g. Inotuzumab

• bispecific T-cell engagers (BiTE®), e.g. Blinatomomab

• chimeric antigen receptor (CAR) T-cells, e.g. Tisagenlecleucel or KTE-X19

• Donor lymphocyte infusion

• 2nd allogeneic blood stem cell transplantation



10/2013 Diagnosis common B-ALL, GMALL high-risk (leukocytosis)
multiple valid MRD markers (UKSH Hematology Laboratory Kiel)

Until 01/2014 therapy analogous to GMALL 07/03 protocol
initially insufficient MRD decline (d46), thereafter MRD increase (d71)
-> MRD level after cons I before alloPBSCT positive, < 3E-04

02/2014 allo-PBSCT: etoposide/12Gy TBI, PBSC of HLA-identical sister,
complicated transplant course, severe VOD, C-diff. Infection
-> molecular CR

01/2015 1st relapse, hematological: treatment within standard arm of the TOWER trial
(Blinatumomab vs SOC) -> Clofarabine, etoposide, cyc, i.th. triple
-> molecular CR

04/2015 2nd allo-SCT: thiotepa/treosulfan, PBSC of HLA-identical sister,
VOD prophylaxis with defibrotide, mild VOD, HMPV pneumonia.
-> d+28 molecular CR

clinical case, Miss T., born 1993



clinical case, Miss T., born 1993

06/2015 2nd relapse (+63), molecular, increase in MRD at day +100.
Treatment with 1 cycle of blinatumomab, no continuation due to Hepatotoxicity, 
-> molecular CR

09/2016 severe, cutaneous, sclerodermiform as well as hepatic cGvHD, 
immunosuppression initially with prednisolone 2mg/kg, steroid refractory,
in addition CSA and ruxolitinib with clinical response.

03/2017 3rd recurrence, extramedullary as multiple small chloromas (left upper eyelid, 
left periumbilical), persistent MRD negativity in BM; stop of immunosuppression
-> regression of chloromas

05-10/2017 5 cycles of blinatumomab -> complete regression of chloromas, 
-> in BM persistent MRD negativity.



05/2018 4th recurrence, extramedullary as chloromas (left temple, left
preauricular, left mandibular angle), -> MRD positivity in BM

clinical case, Miss T., born 1993



05/2018 4th recurrence, extramedullary as chloromas (left temple, left
preauricular, left mandibular angle), -> MRD+ in BM

07-08/2018 2 cycles of blinatumomab with minimal regression of chloromas, 
-> persistent MRD+ in BM

08/2018 1st DLI  with 1 Mio CD3+/kg, no response of chloromas
-> persistent MRD+ in BM

11/2018 T-cell apheresis University Hospital Frankfurt, Prof. Bader

12/2018 Administration of CAR-T cells (Kymriah®, tisagenlecleucel).

clinical case, Miss T., born 1993



Since then, - complete regression of chloromas.
Last FU - persistent MRD negativity in BM
01/23 - no detection of CD19+ B cells in peripheral blood
Day + 2843 - regular substitution of iv IgG

- overall no therapy-associated side effects

clinical case, Miss T., born 1993



Immune 4, January 23, 2018

Emily Whitehead in 2012 and in 2022



CR  60%
CRi 21% 81%, all MRDneg

64% had previous alloHSCT



Real-wor ld evidence of tisagenlecleucel for pediatr ic acute lymphoblastic
leukemia and non-Hodgkin lymphoma

Marcelo C. Pasquini,1 Zhen-Huan Hu,1 Kevin Curran,2 Theodore Laetsch,3 Frederick Locke,4 Rayne Rouce,5 Michael A. Pulsipher,6

Christine L. Phillips,7 Amy Keating,8 Matthew J. Frigault,9 Dana Salzberg,10 Samantha Jaglowski,11 Joshua P. Sasine,12

Joseph Rosenthal,13 Monalisa Ghosh,14 Daniel Landsburg,15 Steven Margossian,16 Paul L. Martin,17 Manali K. Kamdar,18

Peiman Hematti,19 Sarah Nikiforow,20 Cameron Turtle,21 Miguel-Angel Perales,22 Patricia Steinert,1 Mary M. Horowitz,1 Amy Moskop,1

Lida Pacaud,23 Lan Yi,23 Raghav Chawla,24 Eric Bleickardt,25 and Stephan Grupp3,26

28% of ALL patients had previous alloHSCT

At infusion 37% in CR
17% MRDneg

After infusion.  CR  85.5%
of these 99% MRDneg

DFS

OS





Conclusion II

• MRD status after alloHSCT is of even higher relvance for 
cure

• Currently only Blinatumomab and DLI are approved for the
treatment of persistent or emerging MRD after alloHSCT

• Inotuzumab and especially CAR-T cells are additional 
options that have to be studied in prospective studies
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Survival according to time to relapse

< 18mo after Diagnosis (n=91)

> 18mo after Diagnosis (n=200)

Survival according to performance of HSCT

HSCT yes (n=149) 

HSCT no (n=51) 

proceeding to transplant in CR is the ultimate goal in relapsed ALL! 



Strategies to treat relapse after conventional therapy
in B-lymphoblastic leukemia

• chemotherapy +/-unarmed (naked antibodies), e.g. Rituximab

• armed (=conjungated antibodies), e.g. Inotuzumab

• bispecific T-cell engagers (BiTE®), e.g. Blinatomomab

• chimeric antigen receptor (CAR) T-cells, e.g. Tisagenlecleucel or KTE-X19



Percentage of patients Blina SOC

… achieving CR 43.9% 24.6%
… of CR pts MRDneg 76.0% 48.0%
… receiving alloHSCT 24,0% 24.0%



Kantarjian et al, NEJM 2016 

Percentage of patients Ino SOC

… achieving CR 80.7% 29.4%
… achieving MRDneg CR 78.4% 28.1%
… receiving alloHSCT 44,0% 18.3%
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*For patients after failure of Inotuzumab and Blinatumomab     Tisagenlecleucel (<26 years ) or KTE-X19 (>26 years)
** Depending on response to previous therapies

Local treatment algorithm for r/r ALL Phneg.   in adults at the UKD 

?
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