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Timeline of drug discovery in multiple myeloma



Timeline of drug discovery and year of multiple myeloma diagnosis (by decade)

• Hope for the cure

• “Fixed duration of therapy and
the disease (MM) never
returns after stopping
therapy”

Shah UA, Mailankody S. Emerging immunotherapies in multiple myeloma. BMJ. 2020 Sep 21;370:m3176. 



Definition of maintenance therapy MT and 
continuous therapy CT



Multiple myeloma is an incurable disease 

Ravi P, Kumar SK, Cerhan JR, Maurer MJ, Dingli D, Ansell SM, Rajkumar SV. Defining cure in multiple myeloma: a comparative study of outcomes 
of young individuals with myeloma and curable hematologic malignancies. Blood Cancer J. 2018 Feb 28;8(3):26. 



Prideaux SM, Conway O'Brien E, Chevassut TJ. The genetic architecture of multiple myeloma. Adv Hematol. 2014;2014:864058. doi: 
10.1155/2014/864058. Epub 2014 Apr 3. 



Definition of maintenance and continuous therapy

Maintenance therapy  MT 
• Patients undergoing to transplant
• One or two drugs after transplant

Continuous therapy  CT
• Non-transplant eligible patients
• The same regimen used in the 

induction 

Richardson PG, Laubach J, Gandolfi S, Facon T, Weisel K, O'Gorman P. Maintenance and continuous therapy for multiple myeloma. 
Expert Rev Anticancer Ther. 2018 Aug;18(8):751-764. 

The goal of both MT or CT is to control 
minimal residual disease (MRD) 

minimizing the toxicity PFS OS



There is a clear link between MRD and long-term outcomes 

Paiva B, van Dongen JJ, Orfao A. New criteria for response assessment: role of minimal residual disease in multiple myeloma. Blood. 2015 May 
14;125(20):3059-68. 



Overall survival has improved in Multiple Myeloma 

Use of at least triplets in the first line and in relapses

Achieve deeper remissions – MRD

Continuous therapy CT or maintenance therapy MT

Harousseau JL, Attal M. How I treat first relapse of myeloma. Blood. 2017 Aug 24;130(8):963-973



Requirements for MT and CT 

• Treatments must be tolerable for a prolonged period of time
• Should not be associated with cumulative or chronic toxicity
• Should not adversely affect patients’ quality of life
• Should ideally be convenient with a minimal treatment burden for 

patients
• Should not impact the feasibility or efficacy of subsequent treatment 

at relapse

Dimopoulos MA, Jakubowiak AJ, McCarthy PL, Orlowski RZ, Attal M, et al. Developments in continuous therapy and maintenance treatment 
approaches for patients with newly diagnosed multiple myeloma. Blood Cancer J. 2020 Feb 13;10(2):17. 



Drugs used for maintenance therapy and continuous 
therapy 



Latin America 

Martínez-Cordero H, Peña C, Schutz N, Bove V, Villano F, Osorio R, et al. Real-World Outcomes in Latin-American 
Patients with Multiple Myeloma Under 40 Years Old. Blood (2019) 134 (Supplement_1): 5508.



Lenalidomide 

Bortezomib  

Standard of care
Cytopenia, rash, diarrhea and 

SPM 

Thalidomide  
Rarely used nowadays

Median duration only 18 months
Toxicity

Holstein SA, Suman VJ, Hillengass J, McCarthy PL. Future Directions in Maintenance Therapy in Multiple 
Myeloma. J Clin Med. 2021 May 24;10(11):2261. 

Ixazomib  Carfilzomib

Monoclonal AB Combinations  

Pomalidomide  



Lenalidomide



Holstein SA, Suman VJ, Hillengass J, McCarthy PL. Future Directions in Maintenance Therapy in Multiple 
Myeloma. J Clin Med. 2021 May 24;10(11):2261. 



Jackson GH, Davies FE, Pawlyn C, Cairns DA, Striha A, Collett C, et al. Lenalidomide maintenance versus observation for patients with newly 
diagnosed multiple myeloma (Myeloma XI): a multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2019 Jan;20(1):57-73.



McCarthy PL, Holstein SA, Petrucci MT, Richardson PG, Hulin C, Tosi P, et al . Lenalidomide Maintenance After Autologous Stem-Cell Transplantation in Newly 
Diagnosed Multiple Myeloma: A Meta-Analysis. J Clin Oncol. 2017 Oct 10;35(29):3279-3289. 



Median progression-free survival was 46.2 months
(95% CI, 38.1 to 53.7) in the RVD-alone group and
67.5 months (95% CI, 58.6 to not reached) in the
transplant group.

Estimated overall survival was 79.2% and 80.7%,
respectively (hazard ratio for death, 1.10; 95% CI,
0.73 to 1.65; P>0.99).

Richardson PG, Jacobus SJ, Weller EA, Hassoun H, Lonial S, Raje NS, et al. Triplet Therapy, Transplantation, and Maintenance until Progression in Myeloma. 
N Engl J Med. 2022 Jul 14;387(2):132-147. 

Maintenance therapy - DETERMINATION



Kumar S, et al. Presented at ASH, Virtual, 5–8 December 2022. Abstract 4559

Continuous therapy - MAIA 



Bortezomib



Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch U, Salwender H, et al. Bortezomib induction and maintenance treatment in 
patients with newly diagnosed multiple myeloma: results of the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin Oncol. 2012 Aug 

20;30(24):2946-55. 



Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch U, Salwender H, et al. Bortezomib induction and maintenance treatment in 
patients with newly diagnosed multiple myeloma: results of the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin Oncol. 2012 Aug 

20;30(24):2946-55. 

VAD
VADPAD

PAD



Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch U, Salwender H, et al. Bortezomib induction and maintenance treatment in 
patients with newly diagnosed multiple myeloma: results of the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin Oncol. 2012 Aug 

20;30(24):2946-55. 



Latin America 

de Moraes Hungria VT, Martínez-Baños DM, Peñafiel CR, Miguel CE, Vela-Ojeda J, et al . Multiple myeloma treatment patterns and clinical outcomes in the 
Latin America Haemato-Oncology (HOLA) Observational Study, 2008-2016. Br J Haematol. 2020 Feb;188(3):383-393. 



Ixazomib 



Maintenance post ASCT Tourmaline MM3 

Dimopoulos MA, Gay F, Schjesvold F, Beksac M, Hajek R, Weisel KC,  et al, Oral ixazomib maintenance following autologous stem cell transplantation 
(TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet. 2019 Jan 19;393(10168):253-264. 

• Double - blind randomized trial
• 656 patients 
• 30 countries in Europe, the 

Middle East, Africa, Asia, and 
North and South America 

• PI and IMID induction 
• Ixazomib fixed duration
• Patients must not have 

received post-ASCT 
consolidation therapy or a 
double (tandem) ASCT.



Dimopoulos MA, Gay F, Schjesvold F, Beksac M, Hajek R, Weisel KC,  et al, Oral ixazomib maintenance following autologous stem cell transplantation 
(TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet. 2019 Jan 19;393(10168):253-264. 

The proportion of patients who converted to MRD-negative status was numerically 
higher with ixazomib (12%) than placebo (7%)

PFS of 26·5 months (95% CI 23·7–33·8) in the ixazomib group versus 
21·3 months (18·0–24·7) in the placebo group (HR 0·72, 95% CI 0·58–0·89; p=0·0023.



Dimopoulos MA, Gay F, Schjesvold F, Beksac M, Hajek R, Weisel KC,  et al, Oral ixazomib maintenance following autologous stem cell transplantation 
(TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet. 2019 Jan 19;393(10168):253-264. 



Dimopoulos MA, Gay F, Schjesvold F, Beksac M, Hajek R, Weisel KC,  et al, Oral ixazomib maintenance following autologous stem cell transplantation 
(TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet. 2019 Jan 19;393(10168):253-264. 



Continuous therapy Tourmaline MM4 

• Double - blind placebo-controlled 
• 706 patients  (3:2)
• 187 sites in 34 countries
• 3 mg or matching placebo on days 

1, 8, and 15 of 28-day cycles 
increased to 4 mg after 5 cycles

Dimopoulos MA, Špička I, Quach H, Oriol A, Hájek R, Garg M, et al; Ixazomib as Postinduction Maintenance for Patients With Newly Diagnosed Multiple Myeloma Not 
Undergoing Autologous Stem Cell Transplantation: The Phase III TOURMALINE-MM4 Trial. J Clin Oncol. 2020 Dec 1;38(34):4030-4041. PMC7768338.



Dimopoulos MA, Špička I, Quach H, Oriol A, Hájek R, Garg M, et al; Ixazomib as Postinduction Maintenance for Patients With Newly Diagnosed Multiple Myeloma Not 
Undergoing Autologous Stem Cell Transplantation: The Phase III TOURMALINE-MM4 Trial. J Clin Oncol. 2020 Dec 1;38(34):4030-4041. PMC7768338.

PFS since randomization was 
17.4 months  (95% CI, 14.8 to 
20.3 months) versus 9.4  
months (95% CI, 8.5 to 11.5 
months.

34.1% reduction in risk of 
progression. 



Dimopoulos MA, Špička I, Quach H, Oriol A, Hájek R, Garg M, et al; Ixazomib as Postinduction Maintenance for Patients With Newly Diagnosed Multiple Myeloma Not 
Undergoing Autologous Stem Cell Transplantation: The Phase III TOURMALINE-MM4 Trial. J Clin Oncol. 2020 Dec 1;38(34):4030-4041. PMC7768338.



Dimopoulos MA, Špička I, Quach H, Oriol A, Hájek R, Garg M, et al; Ixazomib as Postinduction Maintenance for Patients With Newly Diagnosed Multiple Myeloma Not 
Undergoing Autologous Stem Cell Transplantation: The Phase III TOURMALINE-MM4 Trial. J Clin Oncol. 2020 Dec 1;38(34):4030-4041. PMC7768338.



Monoclonal antibodies - Daratumumab 

• Phase III trial CASSIOPEIA
• 11 academic and community 

practice centers in Europe
• Patients who achieved partial 

response (PR) or better were 
randomised 1:1 to DARA 16 
mg/kg IV every 8 weeks or OBS 
for up to 2 years.
• Interaction with Daratumumab 

used at induction 

Moreau P, Hulin C, Perrot A, Arnulf B, Belhadj K, Benboubker L, et al. Maintenance with daratumumab or observation following treatment with bortezomib, 
thalidomide, and dexamethasone with or without daratumumab and autologous stem-cell transplant in patients with newly diagnosed multiple myeloma 

(CASSIOPEIA): an open-label, randomised, phase 3 trial. Lancet Oncol. 2021 Oct;22(10):1378-1390. 



Moreau P, Hulin C, Perrot A, Arnulf B, Belhadj K, Benboubker L, et al. Maintenance with daratumumab or observation following treatment with bortezomib, 
thalidomide, and dexamethasone with or without daratumumab and autologous stem-cell transplant in patients with newly diagnosed multiple myeloma 

(CASSIOPEIA): an open-label, randomised, phase 3 trial. Lancet Oncol. 2021 Oct;22(10):1378-1390. 



Moreau P, Hulin C, Perrot A, Arnulf B, Belhadj K, Benboubker L, et al. Maintenance with daratumumab or observation following treatment with bortezomib, 
thalidomide, and dexamethasone with or without daratumumab and autologous stem-cell transplant in patients with newly diagnosed multiple myeloma 

(CASSIOPEIA): an open-label, randomised, phase 3 trial. Lancet Oncol. 2021 Oct;22(10):1378-1390. 



PERSEUS
HR for disease progression or death, 0.42; 95% 
confidence interval, 0.30 to 0.59; P<0.001); the P 
value crossed the prespecified stopping boundary 
(P=0.0126)

Sonneveld P, Dimopoulos MA, Boccadoro M, Quach H, Ho PJ, Beksac M, Daratumumab, Bortezomib, Lenalidomide, and 
Dexamethasone for Multiple Myeloma. N Engl J Med. 2024 Jan 25;390(4):301-313.

high risk was defined as the presence of del(17p), t(4;14), or t(14;16).

40 % 54 %





Combinations 

• The downsides of combination therapy include the potential for 
increased burden to the patients, in terms of toxicities, time away 
from work/family, and finances. 

• Lenalidomide plus Bortezomib  
• Lenalidomide plus Carfilzomib  FORTE 
• Lenalidomide plus Daratumumab
• Lenalidomide plus elotuzumab
• Lenalidomide plus Ixazomib 



Lenalidomide plus Ixazomib in HRD 
• Lenalidomide plus Ixazomib: With a

median follow-up of 37.8 months,
the median PFS was not yet reached
and the estimated 2-year PFS was
81%

• The incidence of peripheral
neuropathy was limited to grade 1/2
and 6 grade 3 events

• Hematological adverse events were
manageable with dose reductions

8/16 pts with PD had high risk disease

Patel, K.K.; Shah, J.J.; Feng, L.; Lee, H.C.; Manasanch, E.E.; Thomas, S.K.; Weber, D.M.; Munoz, S.C.; Morphey, A.; Bashir, Q.; et al. Update on a Phase II Study of 
Ixazomib with Lenalidomide As Maintenance Therapy Following Autologous Stem Cell Transplant in Patients with Multiple Myeloma. Blood 2017, 130, 437



Future directions

• MRD Directed therapy 
Ø MIDAS
ØRADAR
ØDRAMMATIC 
ØMASTER
ØREMNANT
ØPREDATOR 
• BiTES in MT and CT 
• Maintenance after CAR T cell therapy



Take-home massages 

• Maintenance therapy and continuous therapy are the SOC 
• MT and CT should fulfill some requirements regarding the efficacy, safety, 

tolerability, quality of life. 
• Oral treatments are preferable. 
• Lenalidomide is so far the SOC in several countries either in MT and CT
• From the group of PIs, Ixazomib offers an excellent profile for MT or CT in 

patients with a contraindication to lenalidomide or in combination therapy.
• Combination therapy is an attractive option for patients specially for high-

risk patients although the evidence is somehow limited 
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