
All-oral triplet combination of ixazomib, lenalidomide, 
and dexamethasone in newly diagnosed transplant-
eligible multiple myeloma patients: final results of the 
phase II IFM 2013-06 study

High-dose therapy with autologous stem cell transplanta-
tion (ASCT) is considered as a standard of care for patients 
with transplant-eligible symptomatic newly-diagnosed 
multiple myeloma (NDMM).1 The benefit of ASCT in such 
patients has been recently confirmed by two phase III 
randomized trials demonstrating better progression-free 
survival and/or overall survival in the transplant arm.2-4 In 
the past decades, induction therapy before ASCT has 
been improved dramatically, resulting in deeper re-
sponses and prolonged progression-free survival. The tri-
plet combination of bortezomib, lenalidomide and 
dexamethasone (VRD) is one of the standard-of-care in-
duction regimens in the context of transplantation.1,2,5 Ixa-
zomib is the first-in-class oral proteasome inhibitor 
approved for patients with relapsed/refractory multiple 
myeloma in combination with lenalidomide and dexa-
methasone.6 Here, we report the results of the multi-
center, open-label, phase II study by the Intergroupe 
Francophone du Myelome (IFM), 2013-06, evaluating the 
efficacy and safety of ixazomib, lenalidomide and dexa-
methasone (IRD) used as an induction and consolidation 
regimen followed by ixazomib maintenance in transplant-
eligible patients with NDMM.  
This study included transplant-eligible patients with pre-
viously untreated symptomatic NDMM. Key selection 
criteria are indicated in Online Supplementary Figure S1. 
All patients provided written informed consent to partici-
pation in the study, which was approved by relevant na-
tional health authorities and ethics committees and was 
conducted in accordance with the International Confer-
ence on Harmonization of Good Clinical Practice guide-
lines and the principles of the Declaration of Helsinki. This 
clinical trial is registered at www.clinicaltrials.gov as 
NCT01936532 and with EUDRACT number 2013-001443-3. 
Induction therapy comprised three 28-day cycles of oral 
ixazomib (4 mg on days 1, 8, and 15), oral lenalidomide (25 
mg on days 1–21) and oral dexamethasone (40 mg on days 
1, 8, 15, and 22). Stem cell harvest was planned for all pa-
tients after high-dose cyclophosphamide (3 g/m2) plus 
granulocyte colony-stimulating factor). Patients pro-
ceeded to transplant using melphalan 200 mg/m2 as the 
conditioning regimen. Patients whose disease did not 
progress then proceeded to early consolidation therapy 
with two 28-day cycles of IRD, followed by late consoli-

dation with six 28-day cycles of ixazomib (4 mg on days 1, 
8, and 15) and lenalidomide (25 mg on days 1–21) without 
dexamethasone. Patients subsequently received mainten-
ance therapy with ixazomib (4 mg/day on days 1, 8, and 
15) for 1 year. 
The primary endpoint was stringent complete response 
(sCR) rate at the completion of extended consolidation. 
Secondary endpoints included response at each step of 
the program, time to response, quality of stem cell har-
vest, progression-free survival, overall survival, and safety. 
Myeloma response assessment was based on the Inter-
national Myeloma Working Group uniform response crite-
ria.7 sCR was defined as complete response (CR) with the 
addition of normal serum free light chain ratio and ab-
sence of clonal plasma cells in the bone marrow, as as-
sessed by flow cytometry analysis. All patients were 
followed until death or end of the study (June 2020).  
Forty-two eligible patients were enrolled between No-
vember 2014 and May 2015. The patients’ characteristics 
are summarized in Table 1. Their median age was 60 years. 
Eight (19%) patients had a high-risk cytogenetic profile. 

Table 1. Patients’ demographic and baseline disease 
characteristics.

Characteristic N=42

Gender: male/female, N 21/21

Median age, years (range) 60 (43-66)

ECOG PS, N (%) 
0, 1, 2

23 (55), 15 (36), 4 (9)

Isotype, N (%) 
IgG, IgA, light chain only

27 (64), 9 (22), 6 (14)

ISS stage, N (%) 
I, II, III

12 (29), 23 (55), 7 (17)

Median creatinine, μmol/L, (range) 72 (48-134)

Cytogenetic risk profile, N (%) 
High-risk* 
Standard

 
8 (19) 

34 (81)

Stem-cell collection 
Median CD34+ cell yield (x 106/kg)

7,2 (1.4-14.6).

*High-risk cytogenetics was defined by the presence of t(4;14) (with 
a positive cut-off at 30%) and/or 17p deletion (with a positive cut-off 
at 50%). ECOG: Eastern Cooperative Oncology Group; PS: perform-
ance status; Ig: immunoglobulin; ISS: International Staging System. 
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The patients’ disposition in the study program is summar-
ized in Online Supplementary Figure S1. Overall, 40 (95%) 
patients completed induction and 37 (88%) underwent 
ASCT. Stem cell collection failed in one patient. Plerixafor 
was needed for stem cell mobilization in five patients. 
By the end of induction (n=42), the overall response rate 
was 80% (n=33), including 30% (n=10) very good partial re-
sponses and 12% (n=5) CR/sCR (Figure 1A). At the end of 
consolidation (primary endpoint) (n=37), the sCR rate was 
41% (33% in an intention-to-treat analysis). The median 
time to partial response and CR was 1 and 8 months, re-
spectively. As of June 2020, the median follow-up from 
the start of therapy was 62.6 months. Twenty-nine pa-
tients had progressive disease and seven patients died 
due to myeloma progression. The median progression-free 
survival was 41.8 months (95% confidence interval: 33.2-
62) and the 3-year overall survival was 92.8% (95% con-
fidence interval: 85.3-100) (Figure 1B, C). 
There were no IRD-related deaths. Overall, seven (16.6%) 
patients discontinued treatment permanently due to 
treatment-related toxicity: one patient during induction 
(skin rash), three during consolidation (1 skin rash, 2 
thrombocytopenia) and three patients during mainten-
ance (colon cancer, thrombocytopenia, pneumonia). For 
these patients, the median time to ixazomib discontinu-
ation was 227 days. Overall, 33 (79%) patients had at least 
one dose modification of one of the study drugs. A dose 
reduction of ixazomib, lenalidomide or dexamethasone 

occured in 60%, 67% and 29% of patients, respectively. 
Adverse events reported for at least 10% of patients are 
described in Table 2. During induction, grade 3-4 neu-
tropenia was the most frequent treatment-related ad-
verse event, occurring in eight (19%) patients. Skin rash 
was reported in 12 (29%), including 5% with grade 3-4. 
During consolidation, neutropenia and thrombocytopenia 
were the most frequent adverse events, with grade 3-4 
events occuring in 14 (38%) and eight (22%) patients, re-
spectively. During maintenance, thrombocytopenia and 
lung infection were the most frequent adverse events, oc-
curring in ten (32%) and 12 (39%) patients, respectively. 
Grade 1-2 sensory peripheral neuropathy was reported in 
12 (29%) patients, including two with grade 2 peripheral 
neuropathy. Deep-vein thrombosis occurred in one pa-
tient. 
The primary objective of this phase II study was to evalu-
ate the efficacy of a transplant program with the oral tri-
plet IRD as induction and consolidation in NDMM patients. 
In the intention-to-treat population (n=42), the overall re-
sponse rate was 92.3%, including 70.3% with a very good 
partial response or better. Our study showed that re-
sponses continuously deepened throughout the program. 
At the completion of extended consolidation, the per pro-
tocol CR/sCR rate was 44% (37% in intention-to-treat 
analysis). These response rates are close to those ob-
tained with VRD as the induction/consolidation regimen 
in the IFM-2009 and GEM2012 trials.2,5 However, patients 

Figure 1. Efficacy of the all-oral ixazomib, lenalidomide, and dexa-
methasone transplant program. (A) Response rate. (B) Progres-
sion-free survival. (C) Overall survival. The median duration of the 
follow-up was estimated using the reverse Kaplan-Meier method. 
Progression-free survival was calculated as the time from the start 
of treatment to the first documentation of progressive disease, or 
death if the patient died due to any cause before progression. 
Overall survival was calculated as the time from the start of treat-
ment to death. The Kaplan-Meier method was used to estimate 
the survival distribution. All analyses were conducted using R - 
version 4.0. ASCT: autologous stem cell transplantation; CR: com-
plete remisison; sCR: stringent complete remission; VGPR: very 
good partial response; PR: partial response. ITT: intention-to-treat; 
PP: per protocol.

A B

C

 Haematologica | 107 July 2022 

1694

LETTER TO THE EDITOR



in the present study received a higher number of cycles 
(induction, n=3; early consolidation, n=2; late consolida-
tion, n=6) in comparison with patients from IFM-2009 (5 
cycles of VRD) or GEM2012 (8 cycles of VRD). In the pres-
ent study, patients received ixazomib maintenance for 1 
year, with no significant improvement in CR/sCR rates. 
The phase III, placebo-controlled TOURMALINE-MM3 trial 
demonstrated a modest progression-free survival benefit 
in NDMM patients receiving post-ASCT ixazomib mainten-
ance for 2 years (26.5 vs. 21.3 months at the start of main-
tenance).8 After a median follow-up of nearly 5 years, the 
median progression-free survival observed in the present 
study was 41.8 months with a 3-year overall survival of 
92.8%. Continuous ixazomib therapy following ASCT in 
combination with lenalidomide and dexamethasone main-
tenance has been evaluated (and compared with lenali-
domide and dexamethasone) in the randomized phase III 
trial GEM2014 (n=332). After a median follow-up of 56 
months, the addition of ixazomib did not result in a pro-
gression-free survival benefit.9 At the time the study was 
designed, continuous lenalidomide maintenance after 
ASCT did not demonstrate a benefit on overall survival 
and was not appoved.10 In the present study, a fixed-dur-
ation maintenance with ixazomib alone appears to be a 
suboptimal approach for transplant-eligible NDMM pa-
tients. 
Safety was an important objective of the present phase II 
trial. The strategy was feasible, with seven (16.6%) pa-
tients discontinuing therapy due to treatment toxicity and 
no IRD-related mortality. Overall, 33 (79%) patients had 
at least one dose modification of one study drug. The 
hematologic toxicities were predictable and manageable. 

The most common hematologic toxicity related to IRD 
was thrombocytopenia with grade >3 occuring in 29 (69%) 
patients. Thrombocytopenia related to the IRD combina-
tion was expected and has been described previously.6,8,11  
Considering non-hematologic toxicities, skin rash oc-
curred in 23 (54%) patients, with only two (5%) grade 3/4 
adverse events. Grade ≥2 peripheral neuropathy occurred 
in two patients and one patient had grade ≥3. These re-
sults compare favorably with those of VRD strategies with 
a rate of grade >3 peripheral neuropathy of 12% and 4% in 
the IFM-2009 and GEM2012 studies, respectively.2,5 The 
triplet combination of carfilzomib, lenalidomide and dexa-
methasone (KRD) with transplantation demonstrated 
strong efficacy results but is associated with substantial 
cardiac events.12 In the present study, no patient devel-
oped treatment-related cardiac failure. 
To conclude, a transplant program with all-oral IRD as in-
duction and consolidation, followed by 1 year of mainten-
ance with ixazomib is effective in NDMM patients and has 
a favorable safety profile. However, these results are in-
ferior,  with respect to progression-free survival, to those 
achieved with VRD ASCT and lenalidomide maintenance. 
To date, ixazomib-based combinations have failed to sig-
nificantly improve the outcome of transplant-eligible pa-
tients with NDMM.8,9 This suboptimal efficacy can be 
partially explained by inferior in vitro proteasome in-
hibition with ixazomib in comparison with other protea-
some inhibitors.13 In NDMM patients, ixazomib could 
however be suitable for a specific subset of frail patients 
with comorbidities (e.g., pre-existing  neuropathy, cardiac 
insufficiency), thought not to be able to tolerate bortezo-
mib or carfilzomib-based combinations. Recently, daratu-

Table 2. Adverse events reported through induction, consolidation and maintenance.

Adverse event

Induction (N=42) Consolidation (N=37) Maintenance (N=31)

Any grade 
Patients (%)

Grade 3/4 
Patients (%)

Any grade 
Patients (%)

Grade 3/4 
Patients (%)

Any grade 
Patients (%)

Grade 3/4 
Patients (%)

Hematologic

Neutropenia 8 (19) 8 (19) 14 (38) 14 (38) 2 (6) 2 (6)

Thrombocytopenia 1 (2) 0 11 (30) 8 (22) 10 (32) 7 (23)

Non-hematologic

Constipation 8 (19) 0 7 (19) 1 (3) 1 (3) 0

Diarrhea 8 (19) 0 6 (16) 1 (3) 4(13) 0

Nausea 10 (24) 0 6 (16) 2 (5) 5(16) 0

Pneumonia/bronchitis 8 (19) 5 (12) 8 (22) 0 12 (39) 0

Skin rash  12 (29) 2 (5) 10 (27) 0 3(9) 0

Peripheral neuropathy 6 (13) 0 8(22) 1(3) 6(19) 0

Safety was monitored until 30 days after the last dose of study drug, except for secondary malignancies (monitored continuously during fol-
low-up). Toxicities were graded according to the National Cancer Institute Common Toxicity Criteria of Adverse Events (version 4.03; Bethesda, 
MD, USA).
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mumab in combination with bortezomib, thalidomide and 
dexamethasone was approved for transplant-eligible 
NDMM patients and is now considered as a standard of 
care.1,14 The phase II randomized study GRIFFIN also dem-
onstrated strong efficacy results (without a safety signal) 
with daratumumab in combination with VRD in trans-
plant-eligible NDMM patients.15 One way of improving IRD 
efficacy in the context of transplantation could be the ad-
dition of anti-CD38 antibody. The convenience and effi-
cacy profile of IRD in transplant-eligible NDMM patients 
led to the design of the IFM phase II study 2018-01 
(NCT03669445) to evaluate the efficacy and safety of IRD 
in combination with daratumumab in such patients. Based 
on their efficacy/safety profiles, bortezomib or carfilzo-
mib-based induction regimens with anti-CD38 should be 
considered as a standard of care for transplant-eligible 
NDMM patients. 
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