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PFS and OS with Lenalidomide Maintenance after ASCT in MM: 
Meta-analysis of phase III trials



Meta-analysis of Lenalidomide maintenance therapy: 
Overall survival – subgroup analysis

• 3 studies included: IFM 2005-02; CALGB 100104 (Alliance); GIMEMA-RVMM-
PI-209

McCarthy et al. J Clin Oncol 2017;35:3279-3289
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• High risk: presence of either t(4;14), t(14;16), t(14;20), del 17p, or gain 1q
• Ultrahigh risk: presence of more than 1 of these lesions
• Standard risk: absence of these lesions

Jackson. Lancet Oncol. 2019;20:57.
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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 
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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).  
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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 
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                                                                                         Figure 1. Frontline therapy for Myeloma 
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Multiple Myeloma: 
First Line Treatment – EHA/ESMO Guidelines 2021 

Dimopoulos et al. 2021
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9 Mayo Clinic Off-Study Treatment Algorithm for Transplant-Eligible
Myeloma Patients
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Focus on lenalidomide maintenance
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PFS according to MRD status at maximal response

Alonso et al. Blood Advances 2020



Focus on daratumumab maintenance



Moreau et al. ASCO 2021

The Part-2 Primary Endpoint was: PFS after second randomization
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Focus on isatuximab maintenance





Focus on ixazomib maintenance



GEM2014 Study
Random IxRd vs Rd

Rosignol et al. ASH 2021

PFS from maintenance start



GEM2014 Study
Random IxRd vs Rd

OS from maintenance start

Rosignol et al. ASH 2021



Conclusions

Maintenance is an essential phase of the treatment algorithm. 

Maintenance with lenalidomide and/or anti-CD38 MoAbs can 
deepen the responses and increase MRD negativity rate. 

Maintenance duration according to the MRD status has been
adressed by ongoing trials. 


