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MRD in CLL
• Why measure MRD in CLL

- MRD quantification: a prognostic factor

- MRD & iwCLL response

- MRD as surrogate for PFS

- MRD tailored treatment

• Improve current MRD assessments

- MRD beyond 10-4

- Work in progress: EuroFlow CLL MRD panel design and validation



MRD QUANTIFICATION: 

A PROGNOSTIC FACTOR
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CLL8 trial: PFS prediction from Final Restaging (PB)
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Böttcher et al., JCO, 2012



PFS vs. MRD @ 2018 iwCLL standard (10-4) - no maintenance -

Reference N Therapy Technique
MRD

threshold
PFS by MRD group p value

1 Moreno 2006 22 auto SCT 3/4-color MRD flow 10-4 16 mos vs 75 mos < 0.001

2 Bosch  2008 44 FCM 4-color MRD flow 10-4 MRD+ CR < MRD- CR (RD) 0.2

3 Böttcher 2012 290
FC/

FCR
4-color MRD flow

10-4 

and 

10-2

≥ 10-2 15 mos

≥ 10-4 to < 10-2         41 mos

< 10-4                               69 mos

< 0.001

4 Fischer 2012 45 BR 4-color MRD flow

10-4 

and 

10-2

≥ 10-2 12 mos

≥ 10-4 to < 10-2         32 mos

< 10-4                               47 mos

< 0.001

5 Pettitt 2012 25 Cam-HDMP 4-color MRD flow 10-4 10 mos vs. 24 mos 0.009

6 Bouvet 2013 106 FCR 4-color MRD flow 10-4 30 mos vs. NR < 0.001

7 Santacruz 2014 96 various 3/4-color MRD flow 10-4 40 mos vs. 76 mos

(TFS, CR only)
< 0.001

8 Strati 2014 161 FCR 4-color MRD flow 10-4 NR < 0.001

9 Kwok 2016 133 various 4-color MRD flow

10-4 

and 

10-2

≥ 10-2 24 mos

≥ 10-4 to < 10-2         40 mos

< 10-4                               91 mos

< 0.001

10 Munir 2017 184 FCR /FCMR 4-color MRD flow 10-4 42 mos vs. 70 mos Not reported

11 Howard 2017 149 FCR /FCM-miniR 4-color MRD flow 10-4 42 mos vs. NR Not reported

….



PFS vs. MRD @ 2018 iwCLL standard (10-4): no maintenance

- continued -

Reference N Therapy Technique
MRD

threshold
PFS by MRD group p value

…..

12 Stilgenbauer 2018 105 O-B 4-color MRD flow 10-4 24 mos vs. NR Not reported

13 Langerak  2019 474
Clb-G/

Clb-R
ASO RQ-PCR

10-4 

and 

10-2

≥ 10-2 14 mos

≥ 10-4 to < 10-2         24 mos

< 10-4                               56 mos

< 0.001

14 Al-Sawaf 2020 & 2021 362
Clb-G/

Ven-G
ASO RQ-PCR

10-4 

and 

10-2

≥ 10-2 12 mos

≥ 10-4 to < 10-2         30 mos

< 10-4                               NR

< 0.001

15 Herling 2020 53 FCR 4-color MRD flow 10-4 ´41 mos vs NR < 0.001

16 Lestestu 2020 350 FCR
6-color MRD flow /

8-color MRD flow

10-4 

and 

10-2

≥ 10-2 13 mos

≥ 10-4 to < 10-2        52 mos

< 10-4                             67 mos

< 0.001

17 Kater 2020 & 2022 119 Ven-R
ASO RQ-PCR /

4-color MRD flow

10-4 

and 

10-2

≥ 10-2 3 mos

≥ 10-4 to < 10-2         24 mos

< 10-4                              NR

< 0.001

 2718



MRD & IWCLL RESPONSE



PFS by PB MRD and clinical response
- combined landmark-analyses of GCLLSG CLL8 and CLL10 trials (n = 554) -

Kovacs et al., JCO, 2016



PFS by PB MRD and clinical response
- combined landmark-analyses of 3 FILO trials (n = 321) -

Letestu et al., Leukemia, 2020



SURROGATE MARKER FOR PFS



CLL8 trial: PFS prediction from Final Restaging (PB)
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Böttcher et al., JCO, 2012



CLL8: PFS 

Fischer et al., Blood. 2016;127(2):208-215



CLL14 trial: PFS prediction from Final Restaging (PB)

-Treatment arm -

Al-Sawaf et al., Lancet Oncol, 2020

O-Clb

O-Ven



CLL14 trial: PFS

Al-Sawaf et al., JCO, 2021



EMA 2016

http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000406.jsp&murl=menus/regulations/regulations.jsp&

mid=WC0b01ac0580034cf3



FDA 2020



MRD TAILORED TREATMENT
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Consolidation in MRD+

relapse

maintenance



VISION

Niemann et al. ASH 2021, #69; Kater et al. Lancet Oncology 2022



VISION

Niemann et al. ASH 2021, #69; Kater et al. Lancet Oncology 2022



Niemann et al. ASH 2021, #69; Kater et al. Lancet Oncology 2022

VISION



MRD BEYOND 10-4
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MRD eradication is a misnomer

relapse

blind by cytology

blind by MRD



Thompson et al., Blood, 2019

MRD neg patients: PFS by MRD level using NGS 

- MDACC FCR series -



PFS, TTNT, OS by PB MRD5
- IGHV leader based NGS MRD from CLL11, n=67 -

Hengeveld et al., Blood, 2022

PFS TTNT OS



HOW TO ACHIEVE 10-5

BY MRD FLOW



ERIC 8-color and 6-color core panel MRD 
8-color 6-color

Rawstron et al., Leukemia 2016, 929–936

V450 V500-C FITC PE PerCP

Cy5.5

PE Cy7 APC APC H7

CD5 CD3 CD81 CD79b CD22 CD19 CD43 CD20



MRD negative by iwCLL: 58 CLL / 4606278 leukocytes = 0.0013 % = 1.3 x 10-5

8 color MRD flow according to ERIC : BM example
- CLL cells shown in red -

lymph lymph B cells

B cells B cells CLL

Hämatologisches Speziallabor, Universitätsmedizin Rostock Rawstron et al., Leukemia 2016, 929–936

Böttcher et al., Methods Mol Biol. 2019;1881:211-238



FDA 2020

https://www.fda.gov/regulatory-information



Aim for EuroFlow MRD Panel

van Dongen et al., Leukemia, 2012 

• LOD 10-5

• Operator-independent

• Insensitive to treatment

responsible: AW Langerak, S Böttcher 



Standardized EuroFlow-IMF NGF-MRD MM Approach

Development of optimal antibody panel 

combinations

Increased number of cells 

evaluated (≥ 107)

Novel data analysis 

strategies

Responsible scientist: J. Flores-Montero



Böttcher et al., Blood Adv, 2022



EuroFlow B-CLPD panel:

tool for rational MRD marker identification

Pac

Blue

Pac

Orange

FITC PE PerCP-

Cy5.5

PECy7 APC APC-H7

1=LST CD20 / 

CD4

CD45 λ/CD8 κ/CD56 CD5 CD19 / 

TCRγ/δ

CD3 CD38

2 CD20 CD45 CD23 CD10 CD79b CD19 CD200 CD43

3 CD20 CD45 CD31 LAIR CD11c CD19 IgM CD81

4 CD20 CD45 CD103 CD95 CD22 CD19 CXCR5 CD49d

5 CD20 CD45 CD62L CD39 HLA-DR CD19 CD27

van Dongen et al., Leukemia, 2012 

- 102 CLL, 26 PB, 9 BM samples -

Böttcher et al., Blood Adv, 2022



responsible: AW Langerak, S Böttcher 

Rational panel design aiming @ lower FP rates

responsible: AW Langerak, S Böttcher 



Rate of false positive events
- uncalculated files from panel version 4 -

• false positivity rate ~ 2 x 10-6 of total leukocytes

responsible: AW Langerak, S Böttcher 

v4 – 6 CD20 CD200 ROR1

v4 – 5 CD20 CD22 ROR1

v4 – 4 CD20 CD22 CD200

v4 – 3 CD3 CD22 CD200

v4 – 2 CD20 CD200 CD22

v4 - 1 CD3 CD200 CD22
0.080%

0.131%

0.018%

0.014%

0.035%

0.050%

0.055%

0.080%

0.013%

0.011%

0.020%

0.038%

0.00% 0.02% 0.04% 0.06% 0.08% 0.10% 0.12% 0.14%

v4-1

v4-2

v4-3

v4-4

v4-5

v4-6

false +ve of total B-cells



Evolution of FP rates panel versions 3 to 8

responsible: AW Langerak, S Böttcher 



Ibrutinib down-modulates CD200  expression

CD200 CD81CD79b

responsible: AW Langerak, S Böttcher 



Version 8 markers are stable regardless of tx

responsible: AW Langerak, S Böttcher 

w/o Tx treated w/o Tx treated w/o Tx treated



Analysis strategy I
Assign B-cell clusters to NPB subpopulations using CCA

responsible: AW Langerak, S Böttcher 



responsible: AW Langerak, S Böttcher 

Analysis strategy I
Assign B-cell clusters to NPB subpopulations using CCA



Analysis strategy I
AG&I is sensitive, but unspecific (tube 1 only shown) 

responsible: AW Langerak, S Böttcher 



responsible: AW Langerak, S Böttcher 

Analysis strategy I
AG&I is sensitive, but unspecific (tube 1 only shown) 



Analysis strategy II:
RC: initial immunophenotype vs. NPB

responsible: AW Langerak, S Böttcher 

Tube 1 Tube 2

CLL



EuroFlow
- 23 dilutional series, 115 samples -



EuroFlow, ERIC, NGS vs expected

- 23 dilutional series, 115 samples -

responsible: AW Langerak, S Böttcher 



EuroFlow vs expected – concordance rates

- 23 dilutional series, 115 samples -

responsible: AW Langerak, S Böttcher 

98 % concordance @ 10-5 100 % concordance @ 10-4



EuroFlow vs. ERIC, NGS 

- 23 dilutional series, 115 samples -

responsible: AW Langerak, S Böttcher 



EuroFlow generic vs. expected

- 23 dilutional series, 115 samples -

responsible: AW Langerak, S Böttcher 



Summary

• MRD: surrogate endpoint for PFS in randomized clinical trials with definite treatment duration

• MRD is increasingly being used to tailor treatment for individual patients

• MRD sensitivity beyond 10-4 might further refine prognosis in CLL

• Fully automated, operator independent MRD flow assessments with 10-5 sensitivity are
feasible, provided the initial immunophenotype of the CLL patient is known



Thank you for your attention.

sebastian.boettcher@med.uni-rostock.de
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