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ASCT versus bortezomib–melphalan–prednisone, with or without bortezomib–
lenalidomide–dexamethasone consolidation therapy, and lenalidomide
maintenance for newly diagnosed multiple myeloma (EMN02/HO95): a multicentre, 
randomised, open-label, phase 3 study

Median PFS for patients with HR cytogenetic: 46.0 months (38·7–NE) 
with double HSCT vs. 26.7 months (19·9–49·6) with single ASCT (HR 
0·59, 0·34–1·03; p=0·062). 
5-year OS in the HR cytogenetic subgroup was 61·3% (45·8–82·1) with 
double HSCT vs. 54·7% (41·1–72·7) with single ASCT (HR 0·70, 0·35–
1·42; p=0·32). 

Patients with del(17p). HR for progression or death favored double 
ASCT over single ASCT (0·24, 0·09–0·66; p=0·006).
5-year OS was 80·2% (62·4–100) with double ASCT vs. 57·1%
(39·2–83·2) with single ASCT (HR 0·30, 0·08–1·08; p=0·066). 

Cavo, et al. Lancet Haematol; 2020:7
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Role of tandem ASCT in patients with NDMM and HR cytogenetics

EMN02/HO95 trial

*Presence of t(4;14), t(14;16), or del(17p) detected by FISH



Role of tandem ASCT in patients with NDMM and HR cytogenetics

BMT CTN 0702 (STaMINA) trial

6-yr PFS  and OS was the same among Auto/Auto (43.9%; 73.1%), 
Auto/RVD (39.7%, 74.9%), and Auto/Len (40.9%, 76.4%)(p = 0.6; p = 
0.8). 

Protocol defined HR* disease, (HR = 1.53, p < 0.0001) and age (p = 
0.03) were adverse risks for PFS. 

In as treated analysis, 6-yr PFS: 49.4%, 39.7% and 38.6% for Auto/auto 
(170), Auto/RVD (222), and Auto/Len (361), respectively (p = 0.01). 

6-yr PFS in high-risk pts as treated analysis were 43.6% and 26% for
Auto/auto and Auto/Len, respectively (p = 0.03).

*Presence of high b2-microglobulin (≥5.5 mg/L) or t(4;14), t(14;20), t(14;16), del(17p) detected by FISH or standard cytogenetics, deletion 13 detected by standard 
cytogenetics only, or aneuploidy

Stadmauer, et al. JCO; 2019:37



 Single-ASCT 

n (%) 

Tandem-ASCT 

n (%) 

All 

n (%) 

p value 

Del(17p) 34 (23.9%) 31 (43.7%) 65 (23.3%) 0.003 

t(4;14) 

t(14;16) 

Abn1q 

31 (21.8%) 33 (46.5%) 64 (22.9%) 0.001 

7 (4.9%) 5 (7%) 12 (4.2%) 0.6 

99 (69.7%) 40 (56.3%) 139 (49.6%) 0.08 

 

 Single-ASCT 
n (%) 

Tandem-
ASCT n (%) 

All 

n (%) 

p value 

t(4;14), del17p y abn(1q) 1 (0.7%) 6 (8.6%) 7 (3.3%) 0.006 

t(4;14), t(14;16) y abn (1q) 1 (0.7%) 0 1 (0.5%) 1 

t(14;16) y abn(1q) 2 (1.4%) 1 (1.4%) 3 (1.4%) 1 

t(4;14) y abn (1q) 12 (8.5%) 14 (19.7%) 25 (11.7%) 0.025 

del17p y abn (1q) 13 (9.2%) 9 (12.8%) 27 (10.33%) 0.476 

t(14;16) y del17p 0 2 (2.9%) 2 (0.9%) 0.110 

t(4;14) y del17p 2 (1.4%) 0 2 (0.9%) 0.5 

t(4;14) y t(14;16) 2 (1.4%) 0 2 (0.9%) 0.5 

Total patients   32 (22.5%) 31 (45.1%) 69 (32.4%) 0.001 

 

Retrospective, open-label Study of Single versus Tandem ASCT in Patients with 
NDMM and High-Risk Cytogenetics. GEM-MARS. Patient characteristics

 
Single ASCT 

(n = 143) 

Tandem ASCT 

(n= 70) 
p value 

Sex 

 Male 

Female 

83 (58%) 

60 (42%) 

43 (62%) 

26 (38%) 
0.55 

Median age, years (range) 60 (35-71) 55 (36-71)  

R-ISS    

 I 

II  

III 

Not available 

21 (14.7%) 

84 (58.7%) 

29 (20.3%) 

9 (6.3%) 

1 (1.4%) 

44 (62.9%) 

25 (35.7%) 

0 

0.002 

ISS    

 I 

II  

III 

Not available 

47 (32.8%) 

55 (38.5%) 

39 (27.3%) 

2 (1.4%) 

21 (30%) 

30 (42.9%) 

18 (25.7%) 

1 (1.4%) 

0.82 

Subtype    

 IgG  

IgA  

Light chain 

Others 

67 (46.9%) 

47 (32.9%) 

26 (18.1%) 

3 (2.1%) 

34 (48.6%) 

25 (35.7%) 

10 (14.3%) 

 1(1.4%) 

0.77 

Induction regimen    

 VRD  

VTD 

85 (59.4%) 

58 (40.6%) 

49 (70%) 

21 (30%) 
<0.0001 

Response at ASCT    

 CR 

VGPR  

PR 

SD 

79 (55.2%) 

43 (30.1%) 

21 (14.7%) 

0 

37 (52.9%) 

25 (35.7%) 

7 (10%) 

1 (1.4%) 

0.52 

Villalba, et al. Leuk&Lymph; 2022:63



Retrospective, open-label Study of Single versus Tandem ASCT in Patients with 
NDMM and High-Risk Cytogenetics. GEM-MARS. PFS, OS, and ORR
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P=0.18



Retrospective, open-label Study of Single versus Tandem ASCT in Patients with 
NDMM and High-Risk Cytogenetics. GEM-MARS. PFS by Cytogenetics Subgroups



Limitations

• The definition of HR disease was different among the studies.

• There were also differences in the induction regimen administered: without IMiDs in the EMN02 
study, while only 48% of patients received VRd in the BMT CTN 0702 trial.

• The duration of induction was lengthier in the BMT CTN 0702 trial, and some patients received 
more than one line of therapy before ASCT.

• GEM study: Every patient received pretransplant induction with VTd or VRd; but retrospective 
and baselines characteristics were unbalanced between both groups of patients

Besides,

• Recent studies have shown an improvement in overall response rate (ORR) and PFS with the 
addition of the anti-CD38 monoclonal antibody daratumumab to VRd (D-VRd) and VTd (D-VTd).

• The introduction of these four drug-based induction therapies that allow more profound and 
prolonged responses supports a shift in practice from VRd and VTd to D-VRd and D-VTd and has 
changed the paradigm of treatment in young patients with NDMM. 

• Questions remain regarding the clinical value of tandem ASCT in the era of anti-myeloma 
quadruple induction regimens. 

Tandem ASCT in patients with NDMM and HR cytogenetics



Four-Drugs Based Induction Followed by Tandem ASCT. Patients’ Characteristics 
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Blood, 2023; O’Donnell, et al. Blood 2023; Sonneveld, et al. NEJM, 2023. 
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Overall Design

• Observational, multi-center, ambidirectional study on transplant-eligible patients 

with high-risk NDMM. 

Inclusion criteria

• Patients with NDMM requiring front-line therapy.

• High-risk status defined as the presence of:

• R-ISS 2 or 3.

• One or more of the following cytogenetic abnormalities: Del(17p13), t(4;14), t(14;16); gain
1q21 (≥4 copies ).

• Induction with D-VTd or D-VRd.

• Single or tandem ASCT.

Retrospective, open-label Study of Single or Tandem Autologous Stem-Cell 
Transplantation (ASCT) in Patients with Newly Diagnosed Multiple Myeloma 
(NDMM) and High-Risk Cytogenetics Undergoing Induction with Quadruplet 
Therapy



Objective

Primary

• To evaluate the efficacy of an induction regimen with D-VTd or D-VRd followed by a tandem 
ASCT in terms of ORR, and the different response categories in patients with high-risk newly 
diagnosed multiple myeloma (NDMM).

Secondary

• Compare results with a control group of patients receiving D-VTd followed by a single ASCT*.

• Describe the feasibility of tandem ASCT after induction therapy with D-VTd or D-VRd.

• Describe the safety and tolerability of tandem ASCT in the era of these new induction regimens. 

• Estimate progression-free survival (PFS) and overall survival (OS) after induction with D-VTd or 
D-VRd followed by single or tandem ASCT.

Retrospective, Open-Label Study of Single or Tandem Autologous Stem-Cell 

Transplantation (ASCT) in Patients with Newly Diagnosed Multiple Myeloma and 

High-Risk Cytogenetics After Induction with Quadruplet Therapy (MMARS-2)

*Cassiopeia trial. 



Overall Design

• Observational, multicenter, retrospective study on transplant-eligible patients NDMM and high-

risk cytogenetics. 

Inclusion criteria
• Patients with NDMM requiring front-line therapy.

• Age ≤70 years.

• High-risk status defined as the presence of:
• R-ISS 2 or R-ISS 3.

AND
• One or more of the following cytogenetic abnormalities: Del(17p13), t(4;14), t(14;16), t(14;20), gain

1q21 (≥4 copies).

• Induction with D-VTd or D-VRd.

• Stable disease or better after induction.

• Tandem ASCT.

• eGFR ≥30 mL/min.

Retrospective, Open-Label Study of Single or Tandem Autologous Stem-Cell 

Transplantation (ASCT) in Patients with Newly Diagnosed Multiple Myeloma and 

High-Risk Cytogenetics After Induction with Quadruplet Therapy (MMARS-2)



MUCHAS GRACIAS



GMMG-
HD7IsKiaCassiopeiaGriffinPerseusIFM 

2018-04
GMMG-
Concept

63448216765099No. of
patients

I-VRdI-KRdD-VTdD-VRdD-VRdD-KRdI-KRdRegimen

Del17p

t(4;14)

t(14;16)

t(14;20)

Amp1q

Gain1q

II-IIII-IIIII-IIIII-IIIII-IIII-IIIII-IIIISS

I-IIII-IIINRNRI-IIIII-IIINRR-ISS

Four-Drugs Based Induction Followed by Tandem ASCT. Patients’ Characteristics 

Voorhees, et al. Blood Adv, 2021; Moreau, et al. Lancet, 2021; Goldschmidt, et al. Lancet Hematol, 2021; Leypoldt, et al. JCO, 2023; Gay, et al. Blood, 2023; Touzeau, et al. 
Blood, 2023; Sonneveld, et al. NEJM, 2023. 



SkylarkGMMG-
HD7IsKiaCassiopeiaGriffinPerseusIFM 

2018-04
GMMG-
Concept

63448216765099No. of
patients

I-VRdI-KRdD-VTdD-VRdD-VRdD-KRdI-KRdRegimen

Del17p

t(4;14)

t(14;16)

t(14;20)

Amp1q

Gain1q

II-IIII-IIIII-IIIII-IIIII-IIII-IIIII-IIIISS

I-IIII-IIINRNRI-IIIII-IIINRR-ISS

Four-Drugs Based Induction Followed by Tandem ASCT. Patients’ Characteristics 

Voorhees, et al. Blood Adv, 2021; Moreau, et al. Lancet, 2021; Goldschmidt, et al. Lancet Hematol, 2021; Leypoldt, et al. JCO, 2023; Gay, et al. Blood, 2023; Touzeau, et al. 
Blood, 2023; Sonneveld, et al. NEJM, 2023. 



Objective

Primary

• Prospective: To compare the efficacy of an induction regimen with D-VTd or D-VRd followed by a 
single or tandem ASCT in terms of ORR, and the different response categories in patients with 
high-risk NDMM.

• Retrospective: To evaluate the efficacy of an induction regimen with D-VTd (or D-VRd) followed 
by a single ASCT in terms of ORR, and the different response categories in patients with high-risk 
NDMM.

Secondary

• Describe the feasibility of tandem ASCT after induction therapy with D-VTd or D-VRd.

• Describe the safety and tolerability of tandem ASCT in the era of these new induction regimens. 

• Estimate progression-free survival (PFS) and overall survival (OS) after induction with D-VTd or 
D-VRd followed by single or tandem ASCT.

Ambidirectional, Open-Label Study of Single or Tandem Autologous Stem-Cell 
Transplantation (ASCT) in Patients with Newly Diagnosed Multiple Myeloma 
(NDMM) and High-Risk Cytogenetics Undergoing Induction with Quadruplet 
Therapy



Overall Design

• Observational, multicenter, ambidirectional study on transplant-eligible patients with high-risk 

NDMM. 

Inclusion criteria
• Patients with NDMM requiring front-line therapy.

• Age ≤70 years.

• High-risk status defined as the presence of:
• R-ISS 2 or R-ISS 3.

AND
• One or more of the following cytogenetic abnormalities: Del(17p13), t(4;14), t(14;16), gain 1q21 (≥4 

copies).

• Induction with D-VTd or D-VRd.

• Stable disease or better after induction.

• Single or tandem ASCT.

• eGFR ≥30 mL/min.

Ambidirectional, Open-Label Study of Single or Tandem Autologous Stem-Cell 
Transplantation (ASCT) in Patients with Newly Diagnosed Multiple Myeloma 
(NDMM) and High-Risk Cytogenetics Undergoing Induction with Quadruplet 
Therapy


