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My true disclosure about the role of MRD

What we think we know What we truly know

What we believe we don’t know What we don’t know we don’t know
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Established role of MRD as prognostic marker

Intensive research efforts in the last decades

MRD

One of the most powerful prognostic factors

• Measures direct effect of treatment on tumor cells

• Captures patient heterogeneity in terms of 

tolerability and response to treatment

• Recalibrates patients’ risk after treatment

• Dramatic tumor reduction translates into 

prolonged survival

• Undetectable MRD as a new endpoint of therapy
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• Performance status
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• Intratumor heterogeneity
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Association of MRD with survival outcomes in AML

A Systematic Review and Meta-analysis in 11,151 patients

Short NJ, et al. JAMA Oncol. 2020;6(12):1890-1899.



Wood B, et al. Blood. 2018;131(12):1350-1359.

Sensitivity matters

MRD with NGS vs MFC in pediatric BCP-ALL



MRD assessment in hematological malignancies

Remains controversial

• Dramatic improvement in treatment efficacy only took place in the last 

decade for some diseases (no need for MRD if CR rates are low)

• False-expectation about the concept of MRD (it may be the pathway to, 

but negative MRD does not mean cure)

• Lack of standardization in the field of MRD (suboptimal results)



Heterogeneity of decentralized MRD using MFC in AML

Absence of harmonization nor standardization at the national level 

Methodology

Paiva B, Vidriales MB, Sempere A, et al. Leukemia. 2021;35(8):2358-2370.
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Heterogeneity of decentralized MRD using MFC in AML

Absence of harmonization nor standardization at the national level 

Methodology Interpretation

Reporting

Paiva B, Vidriales MB, Sempere A, et al. Leukemia. 2021;35(8):2358-2370.



Heterogeneity in virtually all aspects of MFC based MRD testing 

impacted in its ability to discriminate patients with different outcome

Question Answer
No. of 

patients
Reduced risk of CIR HR (95% CI) P value

P value for 

interaction

No. of 

combinations

≤2 265 0.9 (0.6 – 1.3) .590

.002>2 - ≤4 375 0.7 (0.5 – 0.9) .008

>4 326 0.6 (0.4 – 0.9) .007

No. of cells 

measured

≤50.000 26 NA NA

.016
>50.000 - ≤500.000 327 0.8 (0.6 – 1.1) .210

>500.000 600 0.7 (0.5 – 0.9) .002

Other 13 NA NA

Approach

LAIP 424 0.8 (0.6 – 1.0) .099

.109DfN 50 0.3 (0.1 – 0.7) .010

LAIP + DfN 492 0.7 (0.5 – 0.9) .016

MRD burden
Nucleated cells 886 0.7 (0.6 – 0.9) .006

.001
Leukocytes (CD45+) 80 0.5 (0.3 – 1.0) .063

Overall - 966 0.7 (0.6 – 0.9) <.001

1

Paiva B, Vidriales MB, Sempere A, et al. Leukemia. 2021;35(8):2358-2370.
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Evolving treatment landscapes



MRD and surrogacy



1. Norsworthy KJ, et al. J Clin Oncol. 2022;40(8):847-854.

2. Araki D, et al. J Clin Oncol 2015;34:329-336.

Association of treatment effects on OS, CR and EFS in AML1

CR but persistent MRD = NO CR2



Predicting treatment effect on PFS using MRD surrogate end point

Dimier N, et al. Blood. 2018;131(9):955-962.

The example of CLL (chemoimmunotherapy)



Facon T, et al. Blood. 2019;133(18):1953–1963

MRD rates using NGF in the CLARION trial

15.7% KMP vs 15.5% VMP



POLLUX CASTOR

MRD negativity (10−5) D-Rd Rd P value D-Vd Vd P value

ITT 32.5% 7% <.0001 15% 2% <.0001

≥CR 57% 29% .0001 53% 17% .0035

ALCYONE MAIA

MRD negativity (10−5) D-VMP VMP P value D-Rd Rd P value

ITT 28% 7% <.0001 29% 9% <.0001

≥CR 59% 28% <.0001 58% 34% .0001

MRD rates in the investigational vs control arm

Cavo M, et al. Blood 2021;139(6):835-844.

Dara effect in Maia, Alcyone, Pollux and Castor (~5-fold difference)



Moreau P, et al. Lancet Oncol. 2021;22(10):1378-1390.

MRD rates using NGF in the CASSIOPEIA trial

64% D-VTd vs 44% VTd (CR rates, 39% vs 26%)



GMMG and Heidelberg University Hospital | ASH 2021

First primary endpoint, end of induction MRD

negativity by NGF (10-5), was met in ITT analysis

Low number of not assessable/missing† MRD status: Isa-RVd (10.6%) and RVd (15.2%)

CR rates were 24.2% vs 21.6% (P=0.46)

50,1%

35,6%

0%

10%

20%

30%

40%

50%

60% Isa-RVd

RVd

P<0.001*

Patients with MRD negativity at the end of induction therapy

symptomatic MM  

1st line treatment 

18-70 years 

3 x PAd  

stem cell mobilisation (CAD+G-CSF) + leukapheresis 

3 x VCD 

first ASCT (melphalan 200 mg/m2) 

 second ASCT (melphalan 200 mg/m2) (if no nCR/CR) 

2 x Lenalidomide  

Randomization 

Lenalidomide   
 for 2 years 

A1 

Lenalidomide 
if no CR 

B1 

Lenalidomide  
 for 2 years 

A2 

Lenalidomide 
if no CR 

B2 

A1 + B1 A2 + B2 

1)  1)  

1) High Risk Patients, optional in Phase II trial 

Standard 

intensification 

according to 
local protocol 

(GMMG 
standard) 

GMMG MM5 trial in newly diagnosed Multiple Myeloma to evaluate PAd vs VCD induction prior to HDT followed by 

Lenalidomide consolidation and maintenance – final analysis on induction therapy 

Hartmut Goldschmidt1, Jan Duerig2, Uta Bertsch1, Christina Kunz3, Thomas Hielscher3, Elias K. Loos1, Mathias Haenel2, Igor W. Blau2, Dirk Hose1, Anna Jauch1, Baerbel Schurich1, Kai Neben2, Anja Seckinger1, Barbara 

Huegle-Doerr1, Maximilian Merz1, Markus Munder2, Hans-Walter Lindemann2, Matthias Zeis2, Christian Gerecke2, Ingo G. H. Schmidt-Wolf2, Katja Weisel2, Christof Scheid2, Hans Salwender2  
1German-Speaking Myeloma Multicenter Group (GMMG) and University Hospital Heidelberg, Germany, 2GMMG, Germany, 3Division of Biostatistics, German Cancer Research Center Heidelberg, Germany 

GMMG MM5 Trial 

Conclusions 

Final analysis on induction  

The MM5 phase III trial of the German-Speaking Myeloma Multicenter Group (GMMG) was designed 

to address two independent primary objectives: 1. Demonstration of non-inferiority of VCD 

(bortezomib,  cyclophosphamide,  dexamethasone)  induction  compared to PAd (bortezomib, 

adriamycin, dexamethasone) induction therapy with respect to response rate (very good partial 

response (VGPR) or better). 2. Determination of the best of four treatment strategies with respect to 

progression-free survival (PFS). The four treatment strategies are defined by PAd vs. VCD induction 

treatment, high dose melphalan followed by autologous stem cell transplantation and maintenance 

treatment with lenalidomide for 2 years vs. lenalidomide until complete response (CR) (figure 1). 

During the induction phase the patients are treated with 3 cycles of either PAd or VCD. PAd was 

dosed as bortezomib 1.3 mg/m2, days 1, 4, 8, 11, doxorubicin 9 mg/m2, days 1-4, dexamethasone 20 

mg, days 1-4, 9-12, 17-20 (repeated every 28 days). VCD consisted of bortezomib 1.3 mg/m2, days 1, 

4, 8, 11, cyclophosphamide 900 mg/m2 day 1, dexamethasone 40 mg, days 1-2, 4-5, 8-9, 11-12 

(repeated every 21 days). The route of administration for bortezomib was changed from intravenously 

to subcutaneously in all study arms by a protocol amendment in February 2012 after inclusion of 314 

patients.  

Final analysis with respect to response rates after induction treatment and a safety analysis were 

done after recruitment of 504 patients (figure 2) as described in the protocol. Responses were 

assessed according to the response criteria of the International Myeloma Working Group (IMWG). 

The primary endpoint was the proportion of patients with at least very good partial response to 

treatment after induction therapy in each treatment arm (VGPR or better). 

 

The proportion of patients with any adverse event was comparable in PAd vs. VCD (61.3% vs. 64.0%, 

p=0.58), but more serious adverse events (SAEs) were observed during PAd induction (32.7% vs. 

24.0%, p=0.04). VCD led to a significantly higher proportion of leukocytopenia and neutropenia 

CTCAE grade 3 and 4 (PAd 11.3% vs. VCD 35.2%, p=<0.001). The number of infections (≥ CTCAE 

grade 2) and infection-related SAE was similar (PAd 24.6% vs. VCD 22.4% for AE, p=0.60 and PAd 

12.9% vs. VCD 10.8% for SAE, p=0.49). Compared to the infection rate (AE ≥ CTCAE grade 2) of 

49% during PAD (dexamethasone 40 mg on days 1-4, 9-12, 17-20) in the HOVON65/GMMG-HD4-

trial, a reduction in MM5 during induction was observed. Preliminary data (412 patients) of numbers of 

collected CD34+ stem cells were comparable (PAd median 9.8x106 vs. VCD median 9.4x106 kg 

bodyweight, p=0.15). In the PAd arm more deaths were observed compared to the VCD arm (5 vs 1). 

Both induction regimens in the current GMMG-MM5 trial show relevant efficacy after three cycles and 

a non-inferiority of VCD compared to PAd was found. PAd and VCD are well tolerated with more than 

90% of the patients receiving all planned induction cycles. In conclusion, VCD was found to be a valid 

alternative to PAd with comparable efficacy and a favourable toxicity profile.  

Table 1: Patient baseline characteristics 

Figure 3: Response rates after induction PAd or VCD induction therapy. 

Table 2: Toxicity during induction 

In the PAd group 91.2% and in the VCD group 96.0% of the patients completed three planned 

induction cycles. Applied total bortezomib dose over all three cycles was comparable in both, PAd and 

VCD arms.  Response rates were similar in both induction regimens (PAd vs. VCD) with  34.3% vs. 

37.0% of patients achieving VGPR or better. Non-inferiority of VCD compared to PAd was shown 

(one-sided p=0.0013). Similar results were obtained in the PP analysis. CR rates were 4.4% and 8.4% 

(PAd vs. VCD) and 21.1% and 22.3% (PAd vs. VCD) for near complete response (nCR) or better. 

Partial response (PR) or better was reached in 72.1% vs. 78.1% of the patients (PAd vs. VCD) (figure 

3). 

Results 

Figure 2: Consort diagram 

Patients treated with PAd or VCD were equally distributed for ISS and Durie-Salmon disease stage,  

kidney function and the high-risk cytogenetic abnormalities deletion (17p), translocation t(4;14) and 

gain 1q21 (>3 copies). There were significant differences in patient age and distribution of WHO 

performance status (table 1).  

Patients not receiving 

allocated intervention due 

to: 

- myocardial infarction prior 

to therapy (n = 1) 

- death (n = 1) 

Patients not receiving 

allocated intervention due 

to: 

- non-compliance (n = 1) 

- withdrawal of consent  

(n = 2) 

 

One patient excluded from 

ITT (due to unconfirmed 

diagnosis of multiple 

myeloma requiring systemic 

therapy) received VCD 

therapy and was included in 

safety analysis 

 

 

 

Excluded from PP analysis 

- incomplete induction 

therapy (n = 5) 

- missing response 

assessment (n = 3) 

- one patient not ITT not PP 

but Safety (see above) 

 
 

Excluded from PP analysis 

-  incomplete induction 

therapy for reasons other 

than PD (n = 9) 

- missing response 

assessment (n = 6) 

- randomized PAd and 

treated VCD (n = 1) 

Randomized (n = 504) 
 

Two patients were excluded from ITT due to 

unconfirmed diagnosis of multiple myeloma 

requiring systemic therapy 
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Baseline characteristics 

Figure 1: Flow sheet GMMG MM5 Trial 
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Characteristic PAd VCD P value 

No of patients % in PAd arm no of patients % in VCD arm 

Sex (male / female) 147 / 104 58.6 / 41.4 153 / 98 61.0 / 39.0 0.65 

Age in years  

(median, range) 
59.4 (37 - 70) 58.7 (33 - 70) 0.04 

Salmon and Durie stage  

(IA-IIB / IIIA-IIIB) 
27 / 224 10.8 / 88.2 30 / 221 12.0 / 88.0 0.78 

ISS stage (I / II / III) 99 / 80 / 72 39.4 / 31.9 / 28.7 94 / 82 / 75 37.5 / 32.7 / 29.9 0.91 

WHO performance status 

(0-1 / 2-3 / unknown) 
215 / 30 / 6 85.7 / 11.9 / 2.4 230 / 21 / 0 91.6 / 8.4 / 0.0 0.01 

LDH above ULN 46 18.4 44 17.5 0.82 

Calcium elevation 40 15.9 31 12.3 0.31 

Renal insufficiency 38 15.1 39 15.5 1.00 

Anemia 124 49.4 138 55.0 0.25 

Bone disease 229 91.2 223 88.8 0.46 

High-risk cytogenetics (del 

17p / t (4;14) / gain 1q21) 

61 

 (26 / 25 / 25) 

28.5 

(12.0 / 11.6 / 11.7) 

53 

(23 / 22 / 19) 

25.0 

(10.4 / 10.1 / 8.9) 
0.44 

Characteristic PAd  VCD  P value 

No of patients % in PAd arm No of patients % in VCD arm 

AE ≥ 3º (or ≥ 2º for infections, 

cardiac disorders, PNP and 

thromboembolic events) 

152 61.3 160 64.0 0.58 

Any SAE 81 32.7 60 24.0 0.04 

Leukocyto-/Neutropenia ≥ 3º 28 11.3 88 35.2 <0.01 

AE Infections and Infestations 

≥ 2º 
61 24.6 56 22.4 0.60 

SAE Infections and 

Infestations ≥ 2º  
32 12.9 27 10.8 0.49 

Disclosures: The GMMG MM5 Trial (EudraCT no. 2010-019173-16) is supported by grants from Janssen-Cilag, Celgene, Chugai 

and The Binding Site.  Disclosures: Goldschmidt: Celgene: Consultancy, Honoraria, Research Funding; Chugai: Research Funding; 

Janssen Cilag: Consultancy, Honoraria, Research Funding. Duerig: Janssen Cilag: Honoraria; Celgene: Honoraria. Schmidt-Wolf: 

Janssen Cilag: Honoraria; Novartis: Honoraria. Weisel: Janssen Cilag: Consultancy, Honoraria; Celgene: Consultancy, Honoraria, 

Research Funding. Scheid: Janssen Cilag: Honoraria; Celgene: Honoraria; Novartis: Honoraria. Salwender: Janssen Cilag: 

Honoraria; Celgene: Honoraria. All other authors declared no potential conflict of interest. 

HD7

OR 1.83 (95% CI 1.34–2.51)

*P value derived from stratified conditional logistic regression analysis
†Missing NGF-MRD values were due to either patients’ loss to follow-up during induction therapy or to missing bone marrow samples or technical failures 
in measurement counted as non-responders, i.e. NGF-MRD positive
CI, confidence interval; d, dexamethasone; Isa, isatuximab; ITT, intent-to-treat; MRD, minimal residual disease; NGF, next-generation flow;
OR, odds ratio; R, lenalidomide; V, bortezomib

MAT-GLB-2105440 v1.0 Approval Date: 11/2021



Learning in clinical trials how (or not) to use MRD



MRD assessment by NGS
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”MRD-SURE” -Treatment-free observation and MRD surveillance*

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

*24 and 72 weeks after completion of therapy

Costa LJ, et al. J Clin Oncol. 2021:JCO2101935.

MASTER trial

Study design



Costa LJ, et al. J Clin Oncol. 2021:JCO2101935.

MASTER trial

Progression-free survival and overall survival

HRCA = gain/amp 1q, t(4;14), t(14;16), t(14;20) or del(17p)



De Tute RM, et al. J Clin Oncol. 2022 Apr 4:JCO2102228.

Lenalidomide vs observation in MRD negative patients 

Results from the MRC Myeloma XI trial
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Rosiñol L, et al. Blood 2021;138 (Supplement 1): 466.

Can MRD be used to interrupt or prolong treatment?

Results from the GEM2014MAIN trial



Rosiñol L, et al. Blood 2021;138 (Supplement 1): 466.

Can MRD be used to interrupt or prolong treatment?

Results from the GEM2014MAIN trial

p<0.0001

MRD negative

MRD positive

MRD at 2 years

MRD at 2 years:

• negative: stop maintenance

• positive:  Rd for 3 additional years



Once the lessons are learned, there should be 

stringent standardization in clinical laboratories



Clinical trials2,3 Clinical practice4

Methods for measuring MRD per IMWG guidelines1

NGF

1. Kumar S, et al. Lancet Oncol. 2016;17:e328-e346.

2. Facon T, et al. Blood. 2019;133(18):1953-1963.

3. Paiva B, et al. J Clin Oncol. 2020;38(8):784-792.

4. Terpos E, et al. Hemasphere. 2019;3(6):e300.
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Points for discussion

• MRD is poised to be the most relevant prognostic factor in most hematological malignancies

• There is room for improvement, particularly if authorities promote/enforce complete standardization (IVD)

• Any MRD level matters in terms of risk of relapse

• True in 90% of patients (long-term survivors with persistent disease)

• Undetectable MRD should be defined with the highest possible sensitivity

• Improve the definition of MRD cells (eg, CH mutations) to avoid false-positives

• Per the number of ongoing trials, it is plausible that by 2030 there will be guidelines on how to use MRD 

for treatment decisions in some hematological malignancies

• With very few exceptions, undetectable MRD rates precede years in advance a benefit in PFS

• Methodological and treatment heterogeneity are barriers to better statistical outcomes

• Can you imagine knowing the readout of most trials ~12 months after the last patient enrolled?


