
1 

 

Daratumumab, Bortezomib, Thalidomide, and Dexamethasone Followed By 

Daratumumab Maintenance in Transplant-eligible Newly Diagnosed Multiple Myeloma 

(CASSIOPEIA): >6 Year Update of an Open-label, Randomised, Phase 3 Trial 

 

Prof Philippe Moreau, MD,1 Cyrille Hulin, MD,2 Aurore Perrot, MD,3 Bertrand Arnulf, MD,4 

Karim Belhadj, MD,5 Lotfi Benboubker, MD,6 Prof Sonja Zweegman, MD,7 Hélène Caillon, 

PharmD,8 Denis Caillot, MD,9 Prof Hervé Avet-Loiseau, MD,10 Prof Michel Delforge, MD,11 

Thomas Dejoie, PharmD,8 Prof Thierry Facon, MD,12 Cécile Sonntag, MD,13 Jean Fontan, MD,14 

Mohamad Mohty, MD,15 Kon-Siong Jie, MD,16 Lionel Karlin, MD,17 Frédérique Kuhnowski, 

MD,18 Jérôme Lambert, MD,19 Prof Xavier Leleu, MD,20 Margaret Macro, MD,21 Frédérique 

Orsini-Piocelle, MD,22 Murielle Roussel, MD,23 Jean Marc Schiano de Colella, MD,24 Prof Niels 

WCJ van de Donk, MD,7 Soraya Wuillème, PharmD,25 Annemiek Broijl, MD,26 Cyrille 

Touzeau, MD,1 Mourad Tiab, MD,27 Prof Jean-Pierre Marolleau, MD,28 Prof Nathalie 

Meuleman, MD,29 Marie-Christiane Vekemans, MD,30 Matthijs Westerman, MD,31 Saskia K 

Klein, MD,32 Mark-David Levin, MD,33 Prof Fritz Offner, MD,34 Martine Escoffre-Barbe, MD,35 

Jean-Richard Eveillard, MD,36 Réda Garidi, MD,37 Winnie Hua, MA,38 Jianping Wang, PhD,39 

Alba Tuozzo, MS,39 Carla de Boer, PhD,40 Melissa Rowe, MD,41 Veronique Vanquickelberghe, 

PhD,42 Robin Carson, MD,39 Jessica Vermeulen, MD,40 Jill Corre, MD,10 Prof Pieter Sonneveld, 

MD26, on behalf of the Intergroupe Francophone du Myélome (IFM), the Dutch-Belgian 

Cooperative Trial Group for Hematology Oncology (HOVON), and the CASSIOPEIA 

Investigators 

 

© 2024 published by Elsevier. This manuscript is made available under the Elsevier user license
https://www.elsevier.com/open-access/userlicense/1.0/

Version of Record: https://www.sciencedirect.com/science/article/pii/S1470204524002821
Manuscript_69ef95ef9540b623c42497334b9ede0d

https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S1470204524002821


2 

 

1Hematology Department, University Hospital Hôtel-Dieu, Nantes, France (Prof P Moreau MD, 

C Touzeau MD); 

2Department of Hematology, Hôpital Haut Lévêque, University Hospital, Pessac, France (C 

Hulin MD); 

3CHU de Toulouse, IUCT-O, Université de Toulouse, UPS, Service d’Hématologie, Toulouse, 

France (A Perrot MD); 

4Immuno-hématologie, Hôpital Saint Louis, APHP, Université Paris Cité, Paris, France (B 

Arnulf MD); 

5Unité Fonctionnelle Hémopathies Lymphoïdes, C.H.U. Henri Mondor, Creteil, France (K 

Belhadj MD); 

6Hôpital de Bretonneau, Centre Hospitalier Régional Universitaire de Tours, Tours, France (L 

Benboubker MD); 

7Department of Hematology, Amsterdam UMC, Vrije Universiteit Amsterdam, Cancer Center 

Amsterdam, Amsterdam, Netherlands (Prof S Zweegman MD, Prof NWCJ van de Donk MD); 

8Biochemistry Laboratory, Nantes University Hospital, Nantes, France (H Caillon PharmD, T 

Dejoie PharmD); 

9Service d’Hematologie, Institut de Cancérologie de Bourgogne (ICB), Dijon, France (D Caillot 

MD); 

10Unité de Genomique du Myélome, IUC-T Oncopole, Toulouse, France (Prof H Avet-Loiseau 

MD, J Corre MD); 

11University of Leuven, Leuven, Belgium (Prof M Delforge MD); 

12University of Lille, CHU Lille, Service des Maladies du Sang, Lille, France (Prof T Facon 

MD); 



3 

 

13University Hospital, Hôpital Hautepierre, Strasbourg, France (C Sonntag MD); 

14University Hospital Jean Minjoz, Besancon, France (J Fontan MD); 

15Hematology and Cellular Therapy Department of Saint-Antoine Hospital, Sorbonne University, 

Paris, France (M Mohty MD); 

16Zuyderland MC, Department of Internal Medicine, Sittard, Netherlands (K-S Jie MD); 

17Lyon University Hospital, Hematology Centre Hospitalier Lyon-Sud, Pierre-Bénite, France (L 

Karlin MD); 

18Institut Curie Paris, Paris, France (F Kuhnowski MD); 

19Hôpital Saint-Louis, Paris, France (J Lambert MD); 

20University of Poitiers, CHU and Inserm 1313, Poitiers, France (Prof X Leleu MD); 

21Centre Hospitalier Universitaire (CHU) de Caen, Caen, France (M Macro MD); 

22Centre Hospitalier Annecy Genevois, Pringy, France (F Orsini-Piocelle MD); 

23CHU Dupuytren, Limoges, France (M Roussel MD); 

24Institut Paoli-Calmettes, Marseille, France (JM Schiano de Colella MD); 

25Hematology Biology, Nantes University Hospital, Nantes, France (S Wuillème PharmD); 

26Department of Hematology, Erasmus MC Cancer Institute, Rotterdam, Netherlands (A Broijl 

MD, Prof P Sonneveld MD); 

27CHD Vendée, La Roche sur Yon, France (M Tiab MD); 

28Hematology Clinic, Amiens University Hospital, Amiens, France (Prof J-P Marolleau MD); 

29Department of Hematology, Institut Jules Bordet, Université Libre de Bruxelles, Brussels, 

Belgium (Prof N Meuleman MD); 

30Université Catholique de Louvain, Cliniques universitaires Saint-Luc, Brussels, Belgium (M-C 

Vekemans MD); 



4 

 

31Northwest Clinics, Alkmaar, Netherlands (M Westerman MD); 

32Department of Hematology, University Medical Center Groningen, Groningen, Netherlands 

(SK Klein MD); 

33Department of Internal Medicine, Albert Schweitzer Ziekenhuis, Dordrecht, Netherlands (M-D 

Levin MD); 

34University Hospital Ghent, Ghent, Belgium (Prof F Offner MD); 

35Rennes University Hospital, Hôpital de Pontchaillou, Rennes, France (M Escoffre-Barbe MD); 

36Brest University Hospital, Hôpital A Morvan, Brest, France (J-R Eveillard MD); 

37Saint-Quentin Hospital Center, Saint Quentin, France (R Garidi MD); 

38Cytel Inc., Waltham, MA, USA (W Hua MA); 

39Janssen Research & Development, LLC, Spring House, PA, USA (J Wang PhD, A Tuozzo MS, 

R Carson MD); 

40Janssen Research & Development, LLC, Leiden, Netherlands (C de Boer PhD, J Vermeulen 

MD; 

41Janssen Research & Development, LLC, High Wycombe, UK (M Rowe MD); 

42Janssen Research & Development, Beerse, Belgium (V Vanquickelberghe PhD) 

 

Corresponding Author: 

Philippe Moreau 

Hematology Department, University Hospital Hôtel-Dieu 

1 Place Alexis-Ricordeau 

44000, Nantes, France 

e-mail: philippe.moreau@chu-nantes.fr 



5 

 

Phone: +33240083333 

 

Abstract Word Count: 690 

Text Word Count: 5,626 

Figures/Tables: 5 figures 

References: 35 

  



6 

 

ABSTRACT 

Background: CASSIOPEIA demonstrated superior depth of response and prolonged 

progression-free survival with daratumumab/bortezomib/thalidomide/dexamethasone (D-VTd) 

versus VTd as induction/consolidation in transplant-eligible newly diagnosed myeloma. 

Daratumumab maintenance significantly improved progression-free survival and increased 

minimal residual disease (MRD)-negativity rates versus observation. Here, we report long-term 

study outcomes.  

 

Methods: CASSIOPEIA is a two-part, open-label, phase 3 trial of patients aged 18–65 years 

with an Eastern Cooperative Oncology Group performance status 0–2 and transplant-eligible 

newly diagnosed myeloma, conducted in 111 European academic and community-based centres. 

Patients were randomised (1:1) to pre-transplant induction and post-transplant consolidation with 

D-VTd or VTd. Patients who completed consolidation and had achieved partial response or 

better were re-randomised (1:1) to daratumumab maintenance (16 mg/kg intravenously every 8 

weeks) or observation for ≤2 years. An interactive web-based system was used for both 

randomisations to generate treatment assignments, and randomisation was balanced using 

permuted blocks of four. Stratification factors for the first randomisation 

(induction/consolidation phase) were site affiliation, International Staging System disease stage, 

and cytogenetic risk status. Stratification factors for the second randomisation (maintenance 

phase) were induction treatment and depth of response in the induction/consolidation phase. 

There was no masking to treatment assignments during the induction/consolidation or 

maintenance phases, with the exception of sponsor personnel and designees involved in the 

analysis who were masked to treatment group until the independent data monitoring committee 
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recommended that the preplanned interim analysis be considered the main analysis of 

progression-free survival for the maintenance phase. The primary endpoint for the 

induction/consolidation phase was the proportion of patients who achieved a stringent complete 

response after consolidation; results for this endpoint remain unchanged from those reported 

previously. The primary endpoint for the maintenance phase was progression-free survival from 

second randomisation. Efficacy evaluations in the induction/consolidation phase were performed 

on the intent-to-treat population, and efficacy analyses in the maintenance phase were conducted 

on the maintenance-specific intent-to-treat population. This analysis represents the final data 

cutoff at the end of the study. The trial is registered with ClinicalTrials.gov, NCT02541383. 

 

Findings: Between September 22, 2015 and August 1, 2017, 1085 patients were randomised to 

D-VTd (n=543) or VTd (n=542); between May 30, 2016 and June 18, 2018, 886 were re-

randomised to daratumumab maintenance (n=442) or observation (n=444). As of September 1, 

2023, median follow-up was 80·1 months (IQR, 75·7–85·6) from first randomisation and 70·6 

months (IQR, 66·4–76·1) from second randomisation. Progression-free survival from first 

randomisation regardless of second randomisation was significantly improved with D-VTd 

versus VTd (median: 83·7 months [95% CI 70·2–not estimable {NE}] vs 52·8 months [95% CI 

47·5–58·7], HR 0·61, 95% CI 0·52–0·72, p<0·0001). Progression-free survival from second 

randomisation was significantly improved with daratumumab versus observation (median: not 

reached [95% CI 79·9–NE] vs 45·8 months [95% CI 41·8–49·6], HR 0·49, 95% CI 0·40–0·59, 

p<0·0001); benefit was observed with D-VTd/daratumumab versus D-VTd/observation (median: 

not reached [95% CI 74·6–NE] vs 72·1 months [95% CI 52·8–NE], HR 0·76, 95% CI 0·58–

1.00, p=0·048) and VTd/daratumumab versus VTd/observation (median: not reached [95% CI 
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66·9–NE] vs 32·7 months [95% CI 27·2–38·7], HR 0·34; 95% CI 0·26–0·44, p<0·0001). MRD-

negativity rates were highest for D-VTd/daratumumab: D-VTd/daratumumab versus D-

VTd/observation (10–5: 65·1% vs 58·1%, odds ratio 1·47, 95% CI 0·95–2·26, p=0·080; 10–6: 

58·1% vs 48·9%, odds ratio 1·56, 95% CI 1·04–2·34, p=0·031); VTd/daratumumab versus 

VTd/observation (10–5: 53·5% vs 36·3%, odds ratio 2·33, 95% CI 1·51–3·60, p=0·0001; 10–6: 

43·7% vs 26·5%, odds ratio 2·44, 95% CI 1·56–3·81, p<0·0001). Second primary malignancy 

rates were 11·4% (D-VTd/daratumumab), 6·1% (D-VTd/observation), 12·3% 

(VTd/daratumumab), and 10·2% (VTd/observation). 

 

Interpretation: D-VTd significantly reduced the risk of progression or death by 39%, with ~2·5 

years longer median progression-free survival (~7 vs ~4·5 years) versus VTd. Daratumumab 

maintenance reduced the risk of progression or death by 51% versus observation. Including 

daratumumab in both induction/consolidation and maintenance led to the highest MRD-

negativity rates, which translated to superior progression-free survival outcomes. Our results 

support D-VTd induction/consolidation plus daratumumab maintenance as a standard of care for 

transplant-eligible patients with newly diagnosed multiple myeloma. 

 

Funding: Intergroupe Francophone du Myélome, Dutch-Belgian Cooperative Trial Group for 

Hematology Oncology, and Janssen Research & Development. 
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RESEARCH IN CONTEXT 

Evidence before this study 

We searched PubMed for articles published from database inception to March 5, 2024. No 

language restrictions were applied. All fields were searched for “newly diagnosed multiple 

myeloma” and “monoclonal antibody” and “transplant” and “maintenance”. Our search 

identified 49 articles published during this timeframe. Of those, two articles were published 

before the first patient was enrolled in the CASSIOPEIA study in September 2015, one of which 

reported the results from a clinical study of a monoclonal antibody. This was a phase 2 

randomised study of the IL-6 antibody siltuximab in combination with bortezomib, melphalan, 

and prednisone (VMP) followed by siltuximab maintenance in transplant-ineligible patients with 

newly diagnosed multiple myeloma; however, the addition of siltuximab did not improve clinical 

outcomes versus VMP alone. Of the 47 articles published after the CASSIOPEIA study was 

initiated, 10 were related to clinical studies of monoclonal antibody-containing 

induction/consolidation and maintenance therapy in transplant-eligible patients with newly 

diagnosed multiple myeloma, eight of which reported positive results (seven with daratumumab; 

one with isatuximab). Two articles reported results from CASSIOPEIA (part 1 and part 2), two 

articles were related to the phase 2 LYRA study, and one article reported part 1 (induction) 

results from the phase 3 GMMG-HD7 trial. One article reported the primary results from the 

phase 3 PERSEUS study and two articles discussed results from the phase 2 GRIFFIN study, 

both of which provided strong evidence for the addition of daratumumab to bortezomib, 

lenalidomide, and dexamethasone (VRd) induction/consolidation and to lenalidomide 

maintenance for transplant-eligible newly diagnosed multiple myeloma. In contrast, two articles 
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were related to the GMMG-HD6 trial, a phase 3 trial that failed to show clinical benefit with the 

addition of elotuzumab to VRd induction/consolidation and to lenalidomide maintenance. 

 

Added value of this study 

To our knowledge, CASSIOPEIA is the first phase 3 randomised study to show the clinical 

benefit of adding a monoclonal antibody to an induction/consolidation regimen and the clinical 

benefit of monoclonal antibody maintenance therapy over observation in transplant-eligible 

patients with newly diagnosed multiple myeloma. Long-term outcomes from CASSIOPEIA are 

now available, at a median follow-up of 80·1 months from first randomisation. With this 

extended follow-up, we now show for the first time that the most pronounced progression-free 

survival benefit was observed in patients who received daratumumab plus bortezomib, 

thalidomide, and dexamethasone (D-VTd) induction/consolidation and daratumumab 

maintenance, and that median overall survival from first randomisation regardless of second 

randomisation was significantly improved with D-VTd induction/consolidation versus VTd 

induction/consolidation alone. These results from the CASSIOPEIA study also represent one of 

the longest durations of follow-up in transplant-eligible patients with newly diagnosed multiple 

myeloma and provide a comprehensive evaluation of minimal residual disease (MRD), both in 

terms of length of follow-up and depth of responses. MRD-negativity rates and sustained MRD-

negativity rates for ≥12 and ≥24 months at 10–5 and 10–6 sensitivity were highest for patients who 

received D-VTd plus daratumumab maintenance therapy. 

 

Implications of all the available evidence 
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These long-term results from the CASSIOPEIA study demonstrate that the addition of 

daratumumab to induction/consolidation therapy followed by daratumumab maintenance therapy 

led to the highest and most durable MRD-negativity rates, which translated to superior 

progression-free survival outcomes. Taken together, these data suggest that the best treatment 

outcomes for patients with transplant-eligible newly diagnosed multiple myeloma in the 

CASSIOPEIA study were seen with D-VTd plus daratumumab maintenance treatment. These 

findings add to the body of literature (including PERSEUS and GRIFFIN) supporting the use 

daratumumab-containing quadruplets as induction/consolidation therapy followed by 

daratumumab-based maintenance therapy for transplant-eligible patients with newly diagnosed 

multiple myeloma. 
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INTRODUCTION 

Daratumumab is a human IgGκ monoclonal antibody targeting CD38 with direct on-tumor1-4 and 

immunomodulatory5-7 mechanisms of action. Daratumumab is approved as monotherapy and in 

combination with standard-of-care regimens for patients with relapsed or refractory multiple 

myeloma and in combination with standard-of-care regimens for transplant-eligible and 

transplant-ineligible patients with newly diagnosed multiple myeloma.8,9 

 

CASSIOPEIA is a two-part, randomised phase 3 trial that evaluated daratumumab in 

combination with bortezomib, thalidomide, and dexamethasone (D-VTd) as induction therapy 

before and consolidation therapy after autologous stem-cell transplantation (ASCT), followed by 

a second randomisation to daratumumab maintenance therapy or observation alone, in transplant-

eligible patients with newly diagnosed multiple myeloma.10,11 In 2015, when the CASSIOPEIA 

study was designed, there were no regimens approved as maintenance therapy after ASCT in the 

European Union or the United States, and maintenance therapy was not recommended in the 

European Society of Medical Oncology clinical practice guidelines.12 While meta-analyses 

published in 2012 showed improved progression-free and overall survival with thalidomide 

maintenance, its long-term use as maintenance therapy was limited by toxicity.13-15 Results 

available by 2015 from ongoing trials with lenalidomide maintenance suggested significantly 

improved progression-free survival compared with placebo or observation,16-18 but lenalidomide 

maintenance post transplant was not yet an approved treatment; therefore, an observation control 

arm represented appropriate standard of care for patients at that time. Additionally, given the 

deep responses demonstrated by daratumumab in the relapsed/refractory multiple myeloma 

setting,19,20 daratumumab was selected as the active comparator to be included in both the 
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induction/consolidation and maintenance phases of the study, with the aim of inducing and 

prolonging deep responses to frontline therapy in transplant-eligible patients. 

 

Previously published data from CASSIOPEIA, with a median follow-up of 18·8 months from 

first randomisation, demonstrated that the addition of daratumumab to bortezomib, thalidomide, 

and dexamethasone (VTd) induction/consolidation demonstrated superior depth of response, 

including higher rates of complete response or better and minimal residual disease (MRD) 

negativity, and significantly prolonged progression-free survival versus VTd 

induction/consolidation alone (hazard ratio [HR] 0·47, 95% CI 0·33–0·67, p<0·0001), as well as 

acceptable safety.10 These results led to the approval of D-VTd as an induction and consolidation 

treatment in the United States, European Union, and other countries worldwide for transplant-

eligible patients with newly diagnosed multiple myeloma.8,9 After a median follow-up of 35·4 

months from second randomisation in CASSIOPEIA, daratumumab maintenance therapy 

significantly improved progression-free survival (HR 0·53, 95% CI 0·42–0·68, p<0·0001) and 

achieved higher rates of MRD negativity compared with observation and was well tolerated.11  

 

Here, we report the long-term outcomes from CASSIOPEIA after a median follow-up of 80·1 

months (nearly 7 years) from first randomisation and 70·6 months (approximately 6 years) from 

second randomisation. 

 

METHODS 

Study design and participants 
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CASSIOPEIA is a two-part, open-label, randomised, phase 3 study conducted at 111 European 

academic and community-based research centres (appendix pp 3–6). The study design and 

complete eligibility criteria have been published previously.10,11 Briefly, eligible patients were 

aged 18 to 65 years with newly diagnosed, documented multiple myeloma according to 

International Myeloma Working Group (IMWG) diagnostic criteria,21 were candidates for high-

dose therapy and ASCT, and had an Eastern Cooperative Oncology Group (ECOG) performance 

status score of 0 to 2. Eligible patients also had an absolute neutrophil count of 1 × 10⁹ per L or 

more, haemoglobin concentration of 7·5 g/dL or more, platelet count of 70 × 10⁹ per L or more 

(if <50% of bone marrow nucleated cells were plasma cells; otherwise, platelet count >50 × 10⁹ 

per L), calculated creatinine clearance of 40 mL/min or more, corrected serum calcium level of 

14 mg/dL or less (<3·5 mmol/L), and adequate liver function. Patients were excluded if they had 

previous systemic therapy or ASCT for any plasma cell dyscrasia, previous treatment with 

daratumumab or other anti-CD38 therapies, primary amyloidosis, monoclonal gammopathy of 

undetermined significance, smouldering multiple myeloma, solitary plasmacytoma, 

Waldenström’s macroglobulinaemia, grade 2 or higher peripheral neuropathy or neuropathic 

pain (National Cancer Institute Common Terminology Criteria for Adverse Events [NCI-

CTCAE, version 4]), or previous invasive malignancy (other than multiple myeloma) within 10 

years of study start. Patients on study who completed consolidation and had achieved a partial 

response or better according to the IMWG response criteria22,23 underwent a second 

randomisation to daratumumab maintenance or observation only for a maximum duration of 2 

years. 
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All patients provided written, informed consent. The study protocol was approved by a local 

independent ethics committee or institutional review board at each study site. The study was 

conducted in accordance with the ethical principles that have their origin in the Declaration of 

Helsinki and the International Conference on Harmonisation Good Clinical Practice guidelines. 

 

Randomisation and masking 

During part 1 of the study (induction/consolidation phase), patients were randomly assigned 

(1:1) to D-VTd or VTd as induction and consolidation therapy. Patients who completed 

consolidation and achieved partial response or better were re-randomised (1:1) to daratumumab 

maintenance or observation only in part 2 (maintenance phase). An interactive web-based system 

was used for both randomisations to generate treatment assignments, and randomisation was 

balanced using permuted blocks of four. Stratification factors for the induction/consolidation 

phase included site affiliation (Intergroupe Francophone du Myélome or Dutch-Belgian 

Cooperative Trial Group for Hematology Oncology), International Staging System disease stage 

(I, II, or III), and cytogenetic risk status (presence [high risk] or absence [standard risk] of 

del[17p] or t[4;14] cytogenetic abnormalities). Stratification factors for the maintenance phase 

were type of induction treatment (D-VTd vs VTd) and depth of response at the end of 

consolidation, as determined by MRD status and post-consolidation response. There was no 

masking to treatment assignments during the induction/consolidation or maintenance phases, 

with the exception of sponsor personnel and designees involved in the analysis who were masked 

to treatment group until the independent data monitoring committee recommended that the 

preplanned interim analysis be considered the main analysis of progression-free survival for the 

maintenance phase. 
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Procedures 

All patients received up to four cycles of pre-ASCT induction therapy and two cycles of post-

ASCT consolidation therapy (1 cycle: 28 days) with bortezomib (1·3 mg/m2 subcutaneously 

twice per week in week 1 [days 1 and 4] and week 2 [days 8 and 11] of each cycle), thalidomide 

(100 mg orally daily), and dexamethasone (40 mg orally or intravenously on days 1, 2, 8, 9, 15, 

16, 22, and 23 of induction cycles 1 and 2 and days 1 and 2 of induction cycles 3 and 4; 20 mg 

on days 8, 9, 15, and 16 of induction cycles 3 and 4 and days 1, 2, 8, 9, 15, and 16 of both 

consolidation cycles). Patients in the D-VTd group also received daratumumab (16 mg/kg 

intravenously) once weekly during induction cycles 1 and 2 and once every 2 weeks during 

induction cycles 3 and 4 and during consolidation. In the maintenance phase, patients were 

randomly assigned to daratumumab (16 mg/kg intravenously) once every 8 weeks or observation 

for a maximum of 2 years. If a patient’s study treatment was discontinued before the end of the 

treatment regimen, the patient was not automatically withdrawn from the study. After treatment 

discontinuation, patients moved into the follow-up phase. Patients were withdrawn from the 

study for any of the following reasons: lost to follow-up, withdrawal of consent for study 

participation, death, termination of the study by the sponsor, or screening failure. 

 

Patients who were not eligible for the second randomisation into maintenance either entered the 

follow-up phase or discontinued the study. Patients who were randomised to maintenance 

entered the follow-up phase either following treatment discontinuation or disease progression, or 

after completion of 2 years’ fixed duration of daratumumab maintenance therapy/observation. 

During the follow-up phase, the following data were captured: disease progression, development 
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of a second primary malignancy, start of subsequent anticancer therapy (including best response 

and disease progression on subsequent therapy), as well as overall survival. All patients who 

entered the follow-up phase were followed until death, lost to follow-up, withdrawal of consent, 

or study end, whichever occurred first.  

 

Tumour response and disease progression were assessed by a validated computer algorithm 

according to IMWG response criteria.22,23 Disease evaluations were performed by a central 

laboratory on day 1 of each cycle in cycles 1 to 6, day 28 of cycle 4, day 100 after ASCT, and 

once every 8 weeks after second randomisation. For all patients who completed or discontinued 

study drug without disease progression, disease evaluations continued to be performed every 12 

weeks until documented disease progression. MRD was assessed using bone marrow aspirates 

via multiparametric flow cytometry (induction/consolidation phase) and next generation 

sequencing (maintenance phase; clonoSEQ assay, version 2·0; Adaptive Biotechnologies). MRD 

assessments were performed at the end of induction and after consolidation for all patients 

regardless of response; during maintenance in patients with very good partial response or better 

at 6, 12, and 24 months of maintenance/observation; and at 1, 2, and 3 years follow-up in 

patients who were MRD negative at last MRD assessment. For the results presented herein, only 

patients who achieved a response of complete response or better (per validated computer 

algorithm based on IMWG criteria22,23) before or at the time point of reaching MRD negativity 

were included in the MRD-negativity analysis. 

 

Aside from second primary malignancies and deaths, no additional safety data were collected 

during this extended follow-up per the study protocol, as all patients had completed 2 years fixed 
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duration of maintenance/observation, discontinued study treatment, and completed the 30 days 

post-treatment window for adverse event reporting at the time of the previous clinical cutoff.11 

 

Outcomes 

The primary endpoint for the induction/consolidation phase was the proportion of patients who 

achieved a stringent complete response after consolidation, assessed at 100 days after ASCT; 

results of the primary endpoint remain unchanged from those reported previously.10 Major 

secondary endpoints included the proportion of patients who achieved MRD negativity after 

consolidation, the proportion of patients who achieved a complete response or better after 

consolidation, the proportion of patients who achieved a stringent complete response after 

induction, progression-free survival from first randomisation, time to progression from first 

randomisation, progression-free survival on next line of therapy from first randomisation, and 

overall survival from first randomisation. The primary endpoint for the maintenance phase was 

progression-free survival from second randomisation.11 Major secondary endpoints included time 

to progression from second randomisation, the proportion of patients who achieved complete 

response or better, the proportion of patients who achieved MRD negativity, progression-free 

survival on next line of therapy from second randomisation, and overall survival from second 

randomisation. Other secondary endpoints included rate of improved response during 

maintenance, rate of MRD negative conversion during maintenance, overall response rate, time 

to subsequent antimyeloma treatment, and safety. For the induction/consolidation phase, updated 

data on progression-free survival and overall survival from first randomisation are included in 

the Article. Updated data for the major primary and secondary endpoints for the maintenance 
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phase are also provided in this article, with the exception of time to progression. Primary and 

secondary efficacy endpoints are defined in the appendix (pp 7–9). 

 

Statistical analysis 

The statistical methods for CASSIOPEIA have been published previously.10,11 The sample size 

of the study took into consideration the statistical power for the primary comparisons in both 

phases of the study. For the maintenance phase, 390 progression-free events were needed to 

achieve 80% power with a significance level of 0·05. Assuming an accrual of 36 months and 45 

months of additional follow-up, approximately 800 patients (400 per group) were to be randomly 

assigned in the second randomisation (daratumumab maintenance versus observation only). 

Based on the assumption that 75% of patients in the induction/consolidation phase would be 

eligible for randomisation into the maintenance phase, 1080 patients (540 per group) were to be 

randomly assigned in the first randomisation (D-VTd versus VTd) to provide at least 85% power 

to detect an improvement in stringent complete response rate from 25% to 35% at a two-sided 

alpha of 0.05.  

 

Efficacy evaluations in the induction/consolidation phase were performed on the intent-to-treat 

population, which included all patients who underwent first randomisation.10 Efficacy analyses 

during the maintenance phase were conducted on the maintenance-specific intent-to-treat 

population, which comprised all patients included in the second randomisation.11 The 

proportional hazard assumption for the progression-free survival from second randomisation 

analysis was evaluated by a log-log plot. The two parallel curves showed that the proportional 

hazard assumption held well for progression-free survival, as previously reported.11 This 
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preplanned analysis represents the final data cutoff at the end of the study, when approximately 

350 patients had died or approximately 5 years after the last patient was randomised in the 

second randomisation (ie, the maintenance phase), whichever came first.  

 

Time-to-event endpoints were compared between treatment groups using a log-rank test 

(induction/consolidation phase) or stratified log-rank test (maintenance phase). The Kaplan–

Meier method was used to estimate distributions; HRs and 95% CIs were estimated using a Cox 

regression model (induction/consolidation phase) or stratified Cox regression model 

(maintenance phase), with treatment as the sole explanatory variable. The analysis of 

progression-free survival and overall survival from first randomisation (for the comparison of D-

VTd versus VTd) used the inverse probability weighting method24 to adjust for the second 

randomisation. For time-to-event endpoints for the maintenance phase, given that daratumumab 

and observation were the two randomly assigned (1:1) treatments at second randomisation, these 

are the comparisons for which HRs, 95% CIs, and p values are provided in further breakdowns 

of the data by induction/consolidation treatment (D-VTd or VTd). For the primary endpoint of 

the maintenance phase (progression-free survival from second randomisation), patients were 

censored at second randomisation if there was no post-second randomisation disease assessment. 

For withdrawal of consent or loss to follow-up, patients were censored at the last disease 

assessment prior to withdrawal or loss to follow-up. Informative censoring due to start of 

subsequent anticancer treatment was done during a sensitivity analysis and the results supported 

the conclusions of the primary progression-free survival analysis. All other sensitivity analyses 

for progression-free survival from second randomisation also supported the conclusions of the 

primary progression-free survival analysis. 
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MRD-negativity rates were compared between treatment groups using the stratified Cochran–

Mantel–Haenszel chi-square test. The Mantel–Haenszel estimate of the common odds ratio for 

stratified tables was used; the stratification factors were site affiliation, International Staging 

System disease stage, and cytogenetic risk status for the induction/consolidation phase and depth 

of response (as assessed by MRD status and post-consolidation response) for the maintenance 

phase. Sustained MRD-negativity rates were provided as post hoc results. Given that 

daratumumab and observation were the two randomly assigned (1:1) treatments at second 

randomisation, these are the comparisons for which odds ratios, 95% CIs, and p values are 

provided in breakdowns of the data by induction/consolidation treatment (D-VTd or VTd). 

 

Each endpoint was tested with an overall two-sided alpha of 0·05. SAS (version 9·4) was used 

for all statistical analyses. This trial is registered with ClinicalTrials.gov, NCT02541383. 

 

Role of the funding source 

The funders designed the trial; collected, analysed, and interpreted the data; and prepared the 

manuscript in collaboration with the authors. 

 

RESULTS 

Between September 22, 2015 and August 1, 2017, 1085 patients were enrolled; 543 patients 

were assigned to the D-VTd group and 542 patients were assigned to the VTd group (Figure 

1).10 More patients in the D-VTd group than in the VTd group completed consolidation and 

achieved a partial response or better (458 [84·3%] of 543 patients in the D-VTd group and 428 
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[79·0%] of 542 patients in the VTd group) and were re-randomised between May 30, 2016 and 

June 18, 2018 to daratumumab maintenance (n = 442) or observation (n = 444).11 At the time of 

clinical cutoff (September 1, 2023), 339 (76·7%) of 442 patients had completed daratumumab 

maintenance treatment and 317 (71·4%) of 444 patients had completed observation in the 

maintenance phase. The most common reason for discontinuation during the maintenance phase 

was disease progression (61 [13·8%] of 442 patients in the daratumumab group and 118 [26·6%] 

of 444 patients in the observation group). Baseline demographic and clinical characteristics after 

first randomisation and after second randomisation were well balanced and have been published 

previously (appendix pp 10–12).10,11 Data on race/ethnicity were not collected. 

 

At the time of clinical cutoff, median follow-up was 80·1 months (interquartile range [IQR], 

75·7–85·6) from first randomisation. Progression-free survival from first randomisation was 

significantly improved in the D-VTd group versus the VTd group (HR 0·58, 95% CI 0·49–0·68, 

p<0·0001) after adjustment for the second randomisation using the unbiased inverse probability 

weighting method. Similar progression-free survival benefit was observed without adjustment 

for second randomisation; progression-free survival from first randomisation regardless of 

second randomisation was significantly improved with D-VTd compared to VTd (HR 0·61, 95% 

CI 0·52–0·72, p<0·0001; Figure 2A). Median progression-free survival was 83·7 months (95% 

CI 70·2–not estimable [NE]) for the D-VTd group versus 52·8 months (95% CI 47·5–58·7) for 

the VTd group, demonstrating a 30·9-month benefit in median progression-free survival for the 

D-VTd group. There were 255 progression-free survival events in the D-VTd group versus 335 

events in the VTd group. Overall survival from first randomisation was significantly improved 

with D-VTd compared to VTd after adjustment for the second randomisation using the unbiased 
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inverse probability weighting method (HR 0·56, 95% CI 0·42–0·73, p<0·0001). Without 

adjustment for second randomisation, similar overall survival results were obtained (HR 0·55, 

95% CI 0·42–0·73, p<0·0001; Figure 2B). Median overall survival from first randomisation 

regardless of second randomisation was not reached in either treatment group; estimated 72-

month overall survival rates were 86·7% (95% CI 83·5–89·3) for D-VTd and 77·7% (95% CI 

73·9–81·0) for VTd. A total of 83 deaths occurred in the D-VTd group versus 139 deaths in the 

VTd group.  

 

At a median follow-up of 70·6 months (IQR, 66·4–76·1) from second randomisation, a 

progression-free survival benefit was seen in the daratumumab group versus the observation 

group (HR 0·49, 95% CI 0·40–0·59, p<0·0001; Figure 3A). Median progression-free survival 

was not reached (95% CI 79·9–NE) in the daratumumab group versus 45·8 months (95% CI 

41·8–49·6) in the observation group; estimated 72-month progression-free survival rates were 

57·1% (95% CI 52·1–61·7) and 36·5% (95% CI 31·9–41·2), respectively. There were 186 

progression-free survival events in the daratumumab group and 279 events in the observation 

group. Prespecified subgroup analyses showed consistent progression-free survival benefit in the 

daratumumab group compared to the observation group (appendix pp 20–21). Progression-free 

survival benefit was observed in patients who received D-VTd plus daratumumab maintenance 

versus D-VTd plus observation (HR 0·76, 95% CI 0·58–1·00, p=0·048; Figure 3B). Median 

progression-free survival was not reached (95% CI 74·6–NE) for the D-VTd plus daratumumab 

group versus 72·1 months (95% CI 52·8–NE) for the D-VTd plus observation group; estimated 

72-month progression-free survival rate was 60·3% (95% CI 53·5–66·4) and 50·5% (95% CI 

43·8–56·9), respectively. There were 91 progression-free survival events in the D-VTd plus 
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daratumumab group and 114 events in the D-VTd plus observation group. Progression-free 

survival benefit was also observed in patients who received VTd plus daratumumab maintenance 

versus VTd plus observation (HR 0·34, 95% CI 0·26–0·44, p<0·0001; Figure 3B). Median 

progression-free survival was not reached (95% CI 66·9–NE) for the VTd plus daratumumab 

group versus 32·7 months (95% CI 27·2–38·7) for the VTd plus observation group; estimated 

72-month progression-free survival rate was 53·7% (95% CI 46·3–60·6) and 20·8% (95% CI 

15·2–27·0), respectively. There were 95 progression-free survival events in the VTd plus 

daratumumab group and 165 events in the VTd plus observation group. 

 

Lower proportions of patients assigned to daratumumab maintenance went on to receive 

subsequent antimyeloma therapy (85 [37·1%] of 229 patients in the D-VTd plus daratumumab 

group and 75 [35·2%] of 213 patients in the VTd plus daratumumab group) compared with those 

assigned to observation only (100 [43·7%] of 229 patients in the D-VTd plus observation group 

and 159 [74·0%] of 215 patients in the VTd plus observation group) (appendix pp 13–14). Time 

to subsequent antimyeloma therapy from second randomisation was prolonged with D-VTd plus 

daratumumab versus D-VTd plus observation (HR 0·82, 95% CI 0·61–1·09, p=0·17) and with 

VTd plus daratumumab versus VTd plus observation (HR 0·31, 95% CI 0.24–0.41, p<0·0001; 

appendix p 22). Greater proportions of patients who received subsequent therapy received an 

anti-CD38–based first subsequent therapy in the observation arms (61 [61·0%] of 100 patients in 

the D-VTd plus observation group and 108 [67·9%] of 159 patients in the VTd plus observation 

group) compared with the daratumumab arms (32 [37·6%] of 85 patients in the D-VTd plus 

daratumumab group and 30 [40·0%] of 75 patients in the VTd plus daratumumab group). Of 

these anti-CD38–based treatments, the most common regimen was daratumumab, lenalidomide, 
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and dexamethasone (D-Rd) (appendix pp 13–14). Progression-free survival on next line of 

therapy from second randomisation was significantly improved in the daratumumab maintenance 

group versus the observation group (HR 0·59, 95% CI 0·45–0·79, p=0·0002; appendix pp 23). 

There were 40 (17·5%) progression-free survival events on next line of therapy in the D-VTd 

plus daratumumab group and 37 (16·2%) events in the D-VTd plus observation group; no 

significant difference was observed in  progression-free survival on next line of therapy between 

the D-VTd plus daratumumab group and the D-VTd plus observation group (HR 1·01, 95% CI 

0·64–1·59, p=0·97; appendix pp 24). There were 54 (25·4%) progression-free survival events on 

next line of therapy in the VTd plus daratumumab group and 78 (36·3%) events in the VTd plus 

observation group. There was significant improvement in progression-free survival on next line 

of therapy for VTd plus daratumumab compared to VTd plus observation (HR 0·43, 95% CI 

0·30–0·62, p<0·0001; appendix p 24). Overall survival data from second randomisation were 

immature at the time of clinical cutoff, with only approximately 15% of the maintenance 

population experiencing an event; deaths had occurred in 25 (10·9%) of 229 patients in the D-

VTd plus daratumumab group, 21 (9·2%) of 229 patients in the D-VTd plus observation group, 

41 (19·2%) of 213 patients in the VTd plus daratumumab group, and 48 (22·3%) of 215 patients 

in the VTd plus observation group. The reasons for death are summarized in the appendix (p 15). 

 

Best response rates from second randomisation are summarised in the appendix (p 25). A major 

secondary objective of the study was overall MRD-negativity rates in the various treatment 

groups. MRD-negativity rates by multiparametric flow cytometry (10–5 sensitivity threshold) 

were significantly higher in the D-VTd group versus the VTd group both post induction (50 

[9·2%] of 543 patients vs 29 [5·4%] of 542 patients, odds ratio 1·79, 95% CI 1·11–2·87, 
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p=0·015) and post consolidation (183 [33·7%] of 543 patients vs 110 [20·3%] of 542 patients, 

odds ratio 2·01, 95% CI 1·52–2·66, p<0·0001; appendix p 26). During the maintenance phase of 

the study, MRD-negativity rates by next generation sequencing were higher with D-VTd plus 

daratumumab versus D-VTd plus observation at 10–5 (149 [65·1%] of 229 patients vs 133 

[58·1%] of 229 patients, odds ratio 1·47, 95% CI 0·95–2.26, p=0·080) and 10–6 (133 [58·1%] of 

229 patients vs 112 [48·9%] of 229 patients, odds ratio 1·56, 95% CI 1·04–2·34, p=0·031; 

Figure 4). MRD-negativity rates were also higher with VTd plus daratumumab versus VTd plus 

observation at 10–5 (114 [53·5%] of 213 patients vs 78 [36·3%] of 215 patients, odds ratio 2·33, 

95% CI 1·51–3·60, p=0·0001) and 10–6 (93 [43·7%] of 213 patients vs 57 [26·5%] of 215 

patients, odds ratio 2·44, 95% CI 1·56–3·81, p<0·0001; Figure 4). MRD-negativity rates at both 

the 10–5 and the 10–6 sensitivity thresholds were highest for patients who received D-VTd 

induction/consolidation plus daratumumab maintenance (Figure 4).  

 

A post hoc analysis evaluated sustained MRD negativity. Sustained MRD-negativity rates lasting 

for ≥12 months were significantly higher with D-VTd plus daratumumab versus D-VTd plus 

observation at 10–5 (129 [56·3%] of 229 patients vs 106 [46·3%] of 229 patients, odds ratio 1·61, 

95% CI 1·08–2·41, p=0·020) and 10–6 (109 [47·6%] of 229 patients vs 83 [36·2%] of 229 

patients, odds ratio 1·68, 95% CI 1·13–2·50, p=0·0096), as were sustained MRD-negativity rates 

lasting for ≥24 months at 10–5 (114 [49·8%] of 229 patients vs 84 [36·7%] of 229 patients, odds 

ratio 1·82, 95% CI 1·23–2·71, p=0·0028) and 10–6 (94 [41·0%] of 229 patients vs 64 [27·9%] of 

229 patients, odds ratio 1·87, 95% CI 1·25–2·81, p=0·0023; Figure 5). Sustained MRD-

negativity rates lasting for ≥12 months were also significantly higher with VTd plus 

daratumumab versus VTd plus observation at 10–5 (94 [44·1%] of 213 patients vs 53 [24·7%] of 
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215 patients, odds ratio 2·71, 95% CI 1·73–4·23, p<0·0001) and 10–6 (68 [31·9%] of 213 

patients vs 32 [14·9%] of 215 patients, odds ratio 2·92, 95% CI 1·77–4·82, p<0·0001), as were 

sustained MRD-negativity rates lasting for ≥24 months at 10–5 (77 [36·2%] of 213 patients vs 36 

[16·7%] of 215 patients, odds ratio 3·15, 95% CI 1·94–5·12, p<0·0001) and 10–6 (53 [24·9%] of 

213 patients vs 22 [10·2%] of 215 patients, odds ratio 3·11, 95% CI 1·78–5·44, p<0·0001; 

Figure 5). Rates of sustained MRD negativity for ≥12 months and ≥24 months at both 10–5 and 

10–6 were consistently highest for patients who received D-VTd induction/consolidation plus 

daratumumab maintenance (Figure 5). 

 

Adverse events have been reported previously.10,11 Second primary malignancies observed 

during the maintenance phase occurred in 26 (11·4%) of 229 patients in the D-VTd plus 

daratumumab group, 14 (6·1%) of 229 patients in the D-VTd plus observation group, 26 (12·3%) 

of 211 patients in the VTd plus daratumumab group, and 22 (10·2%) of 215 patients in the VTd 

plus observation group (appendix pp 16–19). 

 

DISCUSSION 

The CASSIOPEIA study represents one of the longest durations of follow-up in transplant-

eligible patients with newly diagnosed multiple myeloma.25-33 At a median follow-up of nearly 7 

years from first randomisation, D-VTd induction/consolidation significantly reduced the risk of 

disease progression or death by 39% compared to VTd induction/consolidation alone, regardless 

of second randomisation. Median progression-free survival was approximately 2·5 years longer 

with the addition of daratumumab to VTd (~7 years in the D-VTd group versus ~4·5 years in the 

VTd group). D-VTd also significantly reduced the risk of death by 45% compared to VTd, 
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regardless of second randomisation. Although median overall survival was not reached in either 

group, the overall survival rate at 72 months was higher for D-VTd (86·7%) versus VTd 

(77·7%). A greater proportion of patients in the D-VTd group than in the VTd group proceeded 

to second randomisation, further demonstrating the importance of including daratumumab in 

induction and consolidation. With a median follow-up of approximately 6 years from second 

randomisation, daratumumab maintenance significantly reduced the risk of disease progression 

or death by 51%, with a 20% higher 72-month progression-free survival rate compared to 

observation (57·1% versus 36·5%, respectively). Moreover, a progression-free survival benefit 

was observed for the first time in patients who received D-VTd plus daratumumab maintenance 

versus D-VTd plus observation and in patients who received VTd plus daratumumab 

maintenance versus VTd plus observation. While the addition of daratumumab maintenance 

therapy to VTd improved progression-free survival versus VTd and observation alone, the 

longest progression-free survival was observed in patients who received D-VTd plus 

daratumumab maintenance. Therefore, it can now be concluded that patients treated with D-VTd 

plus daratumumab maintenance have clinically superior progression-free survival outcomes and 

that daratumumab maintenance improves progression-free survival, even when taking the impact 

of induction/consolidation treatment into account. Complete response or better rates remained 

similar to previously published results, which is expected since all patients had completed active 

study treatment prior to the earlier clinical cutoff.11 Patients who received D-VTd plus 

daratumumab maintenance consistently achieved the highest rates of MRD negativity at both 10–

5 and 10–6 and the highest rates of sustained MRD negativity for ≥12 months and ≥24 months at 

both 10–5 and 10–6. This demonstrates the importance of receiving daratumumab in both 

induction/consolidation and maintenance to induce the deepest and most durable MRD 
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responses, which translate to improved progression-free survival outcomes with longer follow-

up. These results strengthen the existing evidence28,29 and further demonstrate the benefit of 

continuing daratumumab during maintenance in transplant-eligible patients with newly 

diagnosed multiple myeloma. There were no preplanned statistical analyses comparing the D-

VTd plus daratumumab maintenance and VTd plus daratumumab maintenance groups. 

 

Overall survival data from second randomisation are still immature, with only approximately 

15% of the maintenance population experiencing an event; however, daratumumab maintenance 

therapy significantly reduced the risk of disease progression or death on the next line of therapy 

versus observation alone. Progression-free survival event rates on next line of therapy were low 

in patients who received D-VTd in the induction/consolidation phase; therefore, there was no 

significant difference observed between the D-VTd plus daratumumab group and the D-VTd 

plus observation group for progression-free survival on next line of therapy. In contrast, higher 

progression-free survival event rates on next line of therapy were observed in patients who 

received VTd in the induction/consolidation phase, and there was significant improvement in 

progression-free survival on next line of therapy with VTd plus daratumumab versus VTd plus 

observation. In addition, daratumumab maintenance increased time to the start of subsequent 

antimyeloma treatment in the D-VTd plus daratumumab arm versus the D-VTd plus observation 

arm and in the VTd plus daratumumab arm versus the VTd plus observation arm. It is important 

to consider the subsequent antimyeloma therapy data when looking at overall survival and 

progression-free survival on next line of therapy outcomes, as many of the patients who did not 

receive daratumumab maintenance received a daratumumab-based treatment as first subsequent 

therapy. This is likely to influence the overall survival and progression-free survival on next line 
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of therapy results, especially as many of the patients in the observation groups went on to receive 

second-line D-Rd, which may be a more effective maintenance regimen compared with 

daratumumab maintenance alone. With longer follow-up and more mature overall survival data, 

it may be possible to explore the impact of the greater use of daratumumab-based treatments, 

including D-Rd, as first subsequent therapy in the observation groups versus the daratumumab 

maintenance groups on overall survival. Taken together, these data suggest that the best 

treatment outcomes for patients with transplant-eligible newly diagnosed multiple myeloma in 

the CASSIOPEIA study were observed with D-VTd plus daratumumab maintenance treatment, 

but longer-term additional survival follow-up is needed. Patients still in follow-up at the closure 

of CASSIOPEIA will be followed in a Registry study in order to further evaluate the impact of 

daratumumab maintenance on overall survival. 

 

The occurrence of second primary malignancies has remained low and relatively consistent with 

approximately 6 years of follow-up. As expected, with longer follow-up, the number of patients 

with a second primary malignancy increased in all four treatment arms.11  

 

The clinical benefits observed with D-VTd induction/consolidation followed by daratumumab 

maintenance therapy in this longer-term follow-up of CASSIOPEIA complement those observed 

in the phase 3 PERSEUS study and the phase 2 GRIFFIN study. In the primary analysis of the 

phase 3 PERSEUS study, with a median follow-up of almost 4 years, the addition of 

daratumumab to bortezomib, lenalidomide, and dexamethasone (D-VRd) induction/consolidation 

and the addition of daratumumab to lenalidomide maintenance therapy significantly improved 

progression-free survival among transplant-eligible patients with newly diagnosed multiple 
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myeloma.28 D-VRd induction/consolidation and daratumumab-lenalidomide maintenance also 

increased rates of deep and durable responses, including MRD negativity (10–5 and 10–6) and 

sustained MRD negativity for ≥12 months (10–5) versus VRd induction/consolidation and 

lenalidomide maintenance alone. Likewise, in the final analysis of GRIFFIN, at a median follow-

up of approximately 4 years, the addition of daratumumab to VRd induction/consolidation and 

the addition of daratumumab to lenalidomide maintenance improved progression-free survival 

compared to VRd induction/consolidation and lenalidomide maintenance alone in transplant-

eligible patients with newly diagnosed multiple myeloma.29 MRD-negativity rates were more 

than doubled in the D-VRd group versus the VRd group at both 10–5 and 10–6, and rates of 

sustained MRD negativity for ≥12 months were also higher in the D-VRd group. The data 

reported herein for CASSIOPEIA, combined with the results from the PERSEUS and GRIFFIN 

studies, provide strong rationale for the use of a daratumumab-containing quadruplet regimen as 

induction/consolidation therapy followed by daratumumab-based maintenance as a standard of 

care for transplant-eligible patients with newly diagnosed multiple myeloma. While the results 

from PERSEUS support the use of daratumumab-lenalidomide maintenance (rather than 

daratumumab monotherapy maintenance), the CASSIOPEIA study demonstrated significant 

clinical benefit with daratumumab maintenance therapy compared to observation and that the 

greatest benefit was observed in patients who received daratumumab during both the 

induction/consolidation and maintenance phases. Results from ongoing and future phase 3 

randomised trials are awaited to further clarify and define the optimal role of CD38 antibodies in 

induction/consolidation and maintenance therapy for the treatment of patients with newly 

diagnosed multiple myeloma. 
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Potential limitations of this study were that the study was exclusively conducted in European 

countries, and data on race and ethnicity were not captured. Another potential limitation of the 

study was the every-8-week dosing schedule for daratumumab maintenance. This dosing 

schedule was supported by pharmacokinetic data available at the time the CASSIOPEIA study 

was designed, but, based on subsequent results from the phase 2 CENTAURUS study,34 an 

every-4-week dosing schedule has become the preferred schedule in ongoing studies that include 

daratumumab maintenance. The extent to which patients in CASSIOPEIA may have benefitted 

from every-4-week daratumumab dosing during the maintenance phase remains unknown. 

However, every-4-week daratumumab dosing maintenance has or is currently being investigated 

in the phase 2 GRIFFIN study29 and phase 3 PERSEUS,28 AURIGA (NCT03901963), and 

DRAMMATIC (NCT04071457) studies. 

 

In summary, the results of this long-term follow-up of CASSIOPEA demonstrate that D-VTd 

induction/consolidation therapy followed by daratumumab maintenance therapy led to the 

highest and most durable rates of MRD negativity, which translated to superior progression-free 

survival outcomes. These results support D-VTd induction/consolidation plus daratumumab 

maintenance as a standard of care for transplant-eligible patients with newly diagnosed multiple 

myeloma. 
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Bristol Myers Squibb, and Pfizer. PS has served on an advisory board for Amgen, Bristol Myers 
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DATA SHARING 

The Intergroupe Francophone du Myélome and the Dutch-Belgian Cooperative Trial Group for 

Hematology Oncology, in partnership with Janssen, will make the data available according to the 

data sharing policy of Janssen Pharmaceutical Companies of Johnson & Johnson. As noted on 

that site, requests for access to the study data can be submitted through the Yale Open Data 

Access Project site. 
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FIGURE LEGENDS 

Figure 1: Study profile 

Note: “Pre–progressive disease follow-up” includes any patient who was in follow-up without 

progressive disease by computerised algorithm. “Post–progressive disease follow-up” includes 

patients who were in follow-up and had progressive disease by computerised algorithm.  

*Patients may have multiple reasons for treatment discontinuation due to multiple treatments 

taken within each induction arm. 

D-VTd=daratumumab, bortezomib, thalidomide, and dexamethasone. VTd=bortezomib, 

thalidomide, and dexamethasone. 

 

Figure 2: Progression-free survival and overall survival from first randomisation 

regardless of second randomisation 

(A) The results of the Kaplan–Meier estimates of progression-free survival among patients in the 

intention-to-treat population. (B) The results of the Kaplan–Meier estimates of overall survival 

among patients in the intention-to-treat population. 

D-VTd=daratumumab, bortezomib, thalidomide, and dexamethasone. HR=hazard ratio. 

VTd=bortezomib, thalidomide, and dexamethasone.  

 

Figure 3: Progression-free survival from second randomisation 

(A) The results of the Kaplan–Meier estimates of progression-free survival from second 

randomisation among patients in the maintenance-specific intention-to-treat population. (B) The 

results of the Kaplan–Meier estimates of progression-free survival from second randomisation by 

induction/consolidation and maintenance therapies in the maintenance-specific intention-to-treat 
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population. Daratumumab and observation were the two randomly assigned (1:1) treatments at 

second randomisation; therefore, these are the comparisons with HRs, 95% CIs, and p values 

provided in the further breakdown of the data by induction/consolidation treatment (D-VTd or 

VTd). 

DARA=daratumumab. D-VTd=daratumumab, bortezomib, thalidomide, and dexamethasone. 

HR=hazard ratio. OBS=observation. VTd=bortezomib, thalidomide, and dexamethasone. 

 

Figure 4: MRD-negativity rates at any time during maintenance and follow-up* 

The proportion of patients who achieved complete response or better and MRD negativity in the 

maintenance-specific intention-to-treat population. MRD was assessed using bone marrow 

aspirates via next generation sequencing. Daratumumab and observation were the two randomly 

assigned (1:1) treatments at second randomisation; therefore, these are the comparisons with p 

values provided in the breakdown of the data by induction/consolidation treatment (D-VTd or 

VTd). 

DARA=daratumumab. D-VTd=daratumumab, bortezomib, thalidomide, and dexamethasone. 

MRD=minimal residual disease. OBS=observation. VTd=bortezomib, thalidomide, and 

dexamethasone. 

*Post-consolidation after the second randomisation. 

 

Figure 5: Sustained MRD-negativity rates at any time during maintenance and follow-up* 

Post hoc analysis of the proportion of patients who achieved complete response or better and 

sustained MRD negativity for ≥12 months and ≥24 months in the maintenance-specific intention-

to-treat population. MRD was assessed using bone marrow aspirates via next generation 
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sequencing. Daratumumab and observation were the two randomly assigned (1:1) treatments at 

second randomisation; therefore, these are the comparisons with p values provided in the 

breakdown of the data by induction/consolidation treatment (D-VTd or VTd). 

DARA=daratumumab. D-VTd=daratumumab, bortezomib, thalidomide, and dexamethasone. 

MRD=minimal residual disease. OBS=observation. VTd=bortezomib, thalidomide, and 

dexamethasone. 

*Post-induction after the second randomisation. 



886 patients randomly assigned in part 2 (maintenance phase)
(second randomisation)

442 assigned to daratumumab
(229 from D-VTd and 213 from VTd)

444 assigned to observation
(229 from D-VTd and 215 from VTd)

85 did not undergo 
second randomisation

461 completed

440 received 
daratumumab

339 completed 
daratumumab

77 patients from the D-VTd group 
entered follow-up from part 1

439 patients from the 
daratumumab group entered 

follow-up from part 2

441 patients from the 
observation group entered 

follow-up from part 2

96 patients from the VTd group 
entered follow-up from part 1

2 not treated

428 underwent
second randomisation

114 did not undergo 
second randomisation

75 discontinued treatment*
0 deaths
19 progressive disease
49 adverse events
13 other

101 discontinued treatment
61 progressive disease
23 other
15 adverse events
2 deaths

1053 patients entered the follow-up phase

3 discontinued study in part 2
(prior to follow-up) (daratumumab group)

3 deaths (2 adverse events and
1 other)

3 discontinued study in part 2
(prior to follow-up) (observation group)

2 deaths (2 progressive disease)
1 consent withdrawn

127 discontinued treatment
118 progressive disease
7 other
2 adverse events
0 deaths

18 discontinued study in part 1
(prior to follow-up)

9 deaths (all adverse events)
4 consent withdrawn
4 lost to follow-up
1 sponsor’s decision

101 discontinued treatment*
7 deaths
21 progressive disease
55 adverse events
25 other

437 completed

1085 patients randomly assigned in part 1 (induction/consolidation phase)
(first randomisation)

317 completed 
observation

835 reached study closure
470 pre–progressive disease follow-up 
365 post–progressive disease follow-up

206 deaths
8 lost to follow-up
4 consent withdrawn

458 underwent
second randomisation

8 discontinued study in part 1
(prior to follow-up)

2 deaths (all adverse events)
4 consent withdrawn
1 lost to follow-up
1 sponsor’s decision

543 assigned to D-VTd 542 assigned to VTd

4 not treated538 treated536 treated7 not treated












