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Supplementary Appendix 

 
This appendix has been provided by the authors to give readers additional information about their work. 

 

Supplement to: Moreau P, et al. Daratumumab plus bortezomib, thalidomide, and dexamethasone versus 

bortezomib, thalidomide, and dexamethasone alone before and after autologous stem- cell transplantation for newly 

diagnosed multiple myeloma (CASSIOPEIA): final analysis results of part 1 of a randomised, open-label, phase 3 

study. 
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Collaborators  

The following investigators participated in the CASSIOPEIA study: 

Belgium: Chantal Doyen, Philippe Mineur, Nathalie Meuleman, Marie-Christiane Vekemans, Bernard De Prijck, 

Karel Fostier, Fritz Offner, Ka Lung Wu, Jan Van Droogenbroeck, Alain Kentos, Inge Vrelust, Dries Deeren, 

Michel Delforge; France: Michel Attal, Mamoun Dib, Borhane Slama, Jean Fontan, Abderazzak El Yamani, Cyrille 

Touzeau, Cyrille Hulin, Olivier Fitoussi, Jean-Richard Eveillard, Margaret Macro, Jean-Valère Malfuson, Carine 

Chaleteix, Denis Caillot, Jean-Michel Pignon, Brigitte Pegourie, Mourad Tiab, Kamel Laribi, Eric Voog, Thierry 

Facon, Odile Luycx, Lionel Karlin, Philippe Rey, Anne-Marie Stoppa, Véronique Dorvaux, Aurore Perrot, Philippe 

Moreau, Laurent Garderet, Xavier Leleu, Brigitte Kolb, Martine Escoffre-Barbe, Pascal Lenain, Cécile Sonntag, 

Lotfi Benboubker, Pascal Godmer, Jean-Pierre Marolleau, Frédérique Orsini-Piocelle, Sabine Brechignac, Benoit 

Bareau, Carla Araujo, Laurence Legros, Olivier Allangba, Laurent Voillat, Didier Bouscary, Driss Chaoui, 

Moumimi Kone, Laurent Frenzel, Hubert Orfeuvre, Charles Zarnitsky, Carole Exbrayat, Jean-Claude Eisenmann, 

Sophie Sadot-Lebouvier, Omar Benbrahim, Frédérique Kuhnowski, Riad Benramdane, Gerard Soglu, Philippe 

Rodon, Bertrand Arnulf, Manuel Cliquennois, Karim Belhadj, Laurence Sanhes, Laure Vincent, Wajed Abarah, 

Véronique Morel, Bertrand Joly, Maya Hacini, Arnaud Jaccard, Eric Jourdan, Réda Garidi, Sophie Rigaudeau, 

Frederic Maloisel, Ronan Le Calloch, Marie C. Béné, Annemiek Broijl, Hélène Caillon, Jill Corre, Thomas Dejoie, 

Jérôme Lambert, Claire Mathiot, Soraya Wuilleme, Murielle Roussel, Hervé Avet-Loiseau; The Netherlands: 

Mark-David Levin, M.J. Kersten, Rinske Boersma, O. Weerdt, Kon-Siong Jie, G.M.J. Bos, P. Sonneveld, P.F. 

Ypma, J.L.L.M. Coenen, P.A. Von Dem Borne, M.B.L. Leys, L.W. Tick, E. De Waal, Saskia K.Klein, M.R. 

Schaafsma, W. Terpstra, Sandra Croockewit, S.U. Soechit, A. Beeker, C.W. Choi, M.C. Minnema, Niels W.C.J. van 

de Donk, E. Van Der Spek, Jolanda Droogendijk, Siemes, Matthijs Westerman, Gerjo Augustien Velders, Matthijs 

Herman Silbermann, C.M.P.W. Mandigers, M. Brands-Nijenhuis, H.A.M. Sinnige, A.M. De Kreuk, C.G. Schaar, 

Sonja Zweegman, Jean Paul Fermand, Pieter Sonneveld  
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Additional Methods 

Pre- and Post-infusion Medications 

Pre-infusion medications were administered to patients who received daratumumab and were intended to prevent or 

manage infusion reactions. Intravenous or oral paracetamol (650-1000 mg), an antihistamine (H1-receptor agonist, 

according to institutional standards), and montelukast (10 mg, required before the first daratumumab infusion [cycle 

1 day 1] in Part 1 and optional before all other daratumumab infusions in Part 1) were given up to 3 hours prior to 

daratumumab infusion. On daratumumab infusion days, oral or intravenous dexamethasone was administered as a 

study treatment 1 hour before the daratumumab infusion at a dose of 40 mg during cycles 1 and 2 and on day 1 of 

cycles 3 and 4 and at a dose of 20 mg on subsequent dosing days during cycles 3 and 4 and during both 

consolidation cycles. 

 

Patients with mild asthma, mild chronic obstructive pulmonary disease, or a higher risk of respiratory complications 

(e.g., patients with a forced expiratory volume in 1 second of <80%) could receive post-infusion medications, 

including an antihistamine, a short-acting 2 adrenergic receptor agonist (such as salbutamol), and control 

medications for lung disease (e.g., inhaled corticosteroids ± long-acting 2 adrenergic receptor agonists for patients 

with asthma or long-acting bronchodilators [such as tiotropium or salmeterol] ± inhaled corticosteroids for patients 

with chronic obstructive pulmonary disease). 
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Definitions of Efficacy Endpoints 

Post-consolidation stringent complete response rate was defined as the percentage of patients in the intention-to-treat 

population achieving or maintaining a stringent complete response, as assessed by centralised analysis according to 

International Myeloma Working Group response criteria,1 within 30 days of day 100 post autologous stem-cell 

transplantation and prior to the start of subsequent therapies. Patients who achieved a stringent complete response 

but died or progressed by day 100 post autologous stem-cell transplantation were not counted as achieving a post-

consolidation stringent complete response but were counted in the intention-to-treat population for the analysis. 

Patients with confirmed daratumumab interference on serum M-protein electrophoresis and immunofixation2 but 

demonstrating all other criteria for stringent complete response were considered to have stringent complete 

responses.  

 

Post-consolidation rate of complete response or better was defined as the proportion of patients in the intention-to-

treat population achieving or maintaining complete response or better, as assessed by centralised analysis in 

accordance with the International Myeloma Working Group criteria,1 within 30 days of day 100 post autologous 

stem-cell transplantation and prior to the start of subsequent therapies. Patients who achieved a complete response 

but died or progressed by day 100 post autologous stem-cell transplantation were not counted as achieving a post-

consolidation complete response but were counted in the intention-to-treat population for the analysis. 

 

Post-consolidation minimal residual disease–negative rate was defined as the proportion of patients in the intention-

to-treat population achieving minimal residual disease–negative status, as assessed by centralied analysis in 

accordance with the International Myeloma Working Group criteria,1 at day 100 post autologous stem-cell 

transplantation. 

 

Post-induction stringent complete response rate was defined as the proportion of patients in the intention-to-treat 

population achieving or maintaining a stringent complete response, as assessed by centralised analysis in accordance 

with the International Myeloma Working Group criteria,1 within 30 days of the end of induction therapy and prior to 

the start of subsequent therapies. Patients who achieved a stringent complete response but died or progressed by the 

end of induction or patients who did not receive induction treatment were not counted as achieving a post-induction 

stringent complete response but were counted in the intention-to-treat population for the analysis. 

 

Post-induction overall response rate was defined as the proportion of patients in the intention-to-treat population 

achieving a partial response or better, as assessed by centralised analysis in accordance with the International 

Myeloma Working Group criteria,1 within 30 days of the end of induction therapy. Patients who achieved a partial 

response or better but progressed or died by the end of induction were not counted as achieving a post-induction 

partial response or better but were included in the intention-to-treat population for the analysis. 

 

Post-induction rate of very good partial response or better was defined as the proportion of patients in the intention-

to-treat population achieving partial response or better, as assessed by centralised analysis in accordance with the 

International Myeloma Working Group criteria,1 within 30 days of the end of induction therapy. 

 

Progression-free survival from first randomisation was defined as the time from the initial randomisation to either 

confirmed progressive disease, in accordance with the International Myeloma Working Group criteria,1 or death, 

whichever occurred first. Progression-free survival events (progressive disease or death) included those that 

occurred during Part 1 or Part 2. 

 

Time to progression from first randomisation was defined as the time from the initial randomisation to confirmed 

progressive disease, in accordance with the International Myeloma Working Group criteria,1 or death due to 

progressive disease, whichever occurred first. Time to progression events (progressive disease or death due to 

progressive disease) included those that occurred during Part 1 or Part 2.  
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Minimal Residual Disease  

Minimal residual disease aspirates were systematically performed and sent for centralised EuroFlow-based 

multiparametric flow cytometry3 and next-generation sequencing (Adaptive clonoSEQ® Assay version 2·0; Adaptive 

Biotechnologies, Seattle, WA, USA)4 at a sensitivity threshold of 1 tumour cell per 105 white cells using bone 

marrow aspirates at protocol-specified time points for all patients in Part 1.  

 

Minimal residual disease–negative rate was defined as the proportion of patients in the intention-to-treat population 

achieving minimal residual disease–negative status, in accordance with the International Myeloma Working Group 

criteria,1 at day 100 post autologous stem-cell transplantation. All patients in the intention-to-treat population 

without a minimal residual disease assessment were considered as minimal residual disease positive for the purpose 

of this analysis. 

 

Inclusion/Exclusion Criteria 

Eligible patients had newly diagnosed, documented multiple myeloma5 and were eligible for high-dose therapy and 

autologous stem-cell transplantation. Patients were 18 to 65 years of age and had an Eastern Cooperative Oncology 

Group performance status of 0 to 2, an absolute neutrophil count of 1·0×109 or more per litre, a haemoglobin level 

of 7·5 g or more per decilitre, a platelet count of 70×109 or more per litre (if <50% of bone marrow nucleated cells 

were plasma cells; otherwise, platelet count >50×109 per litre), a calculated creatinine clearance of 40 ml or more 

per minute, a corrected serum calcium level of 14 mg or less per decilitre (<3·5 mmol/L), alanine aminotransferase 

and aspartate aminotransferase levels of 2·5 or fewer times the upper limit of the normal range, and a total bilirubin 

level of 1·5 or fewer times the upper limit of the normal range. Excluded were patients with primary amyloidosis, 

monoclonal gammopathy of undetermined significance, smoldering multiple myeloma, solitary plasmacytoma, 

Waldenström’s macroglobulinemia, prior systemic therapy or stem-cell transplantation for any plasma cell 

dyscrasia, grade 2 or higher peripheral neuropathy or grade 2 or higher neuropathic pain (as defined by the National 

Cancer Institute Common Terminology Criteria for Adverse Events [NCI CTCAE], Version 4),6 or prior invasive 

malignancy (other than multiple myeloma) within 10 years of study start. 
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Figure S1. Trial Design.  

 
VTd, bortezomib, thalidomide, and dexamethasone; DARA, daratumumab; PR, partial response; PD, progressive 

disease; Q8W, every 8 weeks. 
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Figure S2. Subgroup Analysis of Minimal Residual Disease* Rate at Day 100 Post Autologous Stem-cell 

Transplantation in the Intention-to-Treat Population. 

 

*The threshold for minimal residual disease was defined as 1 tumour cell per 105 white cells. Minimal residual 

disease status is based on assessment of bone marrow aspirates by EuroFlow-based multiparametric flow cytometry 

in accordance with the International Myeloma Working Group guidelines on assessment of minimal residual 

disease.1 
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Figure S3. Overall Survival From First Randomisation Regardless of Second Randomisation in the Intention-

to-Treat Population. 
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Table S1. International Uniform Response Criteria Consensus Recommendations. 

Response Response Criteria 

sCR 
• CR as defined below, plus 

• Normal free light-chain ratio, and 

• Absence of clonal plasma cells by immunohistochemistry, immunofluorescence,*
 
or two-color to four-color flow 

cytometry 

CR† • Negative immunofixation on the serum and urine, and 

• Disappearance of any soft tissue plasmacytomas, and 

• <5% plasma cells in bone marrow 

VGPR† 
• Serum and urine M-component detectable by immunofixation but not on electrophoresis, or 

• ≥90% reduction in serum M-protein plus urine M-protein <100 mg/24 hours 

PR 

• ≥50% reduction of serum M-protein and reduction in 24-hour urinary M-protein by 

≥90% or to <200 mg/24 hours 

• If the serum and urine M-protein are not measurable, a decrease of ≥50% in the difference between involved and 
uninvolved free light-chain levels is required in place of the M-protein criteria 

• If serum and urine M-protein are not measurable, and serum free light-chain assay is also not measurable, ≥50% 

reduction in bone marrow plasma cells is required in place of M-protein, provided baseline bone marrow plasma cell 
percentage was ≥30% 

• In addition to the above criteria, if present at baseline, a ≥50% reduction in the size of soft tissue plasmacytomas is 

also required 

SD 

• Not meeting criteria for CR, VGPR, PR, or PD 

PD‡ 

• Increase of 25% from lowest response value in any one of the following: 

o Serum M-component (absolute increase must be ≥0·5 g/dL), 
o Urine M-component (absolute increase must be ≥200 mg/24 hours), 

o Only in patients without measurable serum and urine M-protein levels: the difference between involved and 

uninvolved free light-chain levels (absolute increase must be >10 mg/dL) 

o Only in subjects without measurable serum and urine M-protein levels and without measurable disease by free 

light-chain levels: bone marrow plasma cell percentage (absolute percentage must be ≥10%) 

o Bone marrow plasma cell percentage (absolute percentage must be >10%) 
o Definite development of new bone lesions or soft tissue plasmacytomas or definite increase in the size of 

existing bone lesions or soft tissue plasmacytomas 

o Development of hypercalcemia (corrected serum calcium >11·5 mg/dL) that can be attributed solely to the 
plasma cell proliferative disorder 

 

sCR, stringent complete response; CR, complete response; VGPR, very good partial response; PR, partial response; 

SD, stable disease; PD, progressive disease; IMWG, International Myeloma Working Group. 

All response categories (sCR, CR, VGPR, PR, and PD) require two consecutive assessments made at any time 

before the institution of any new therapy; CR, sCR, VGPR, PR, and SD categories also require no known evidence 

of progressive or new bone lesions if radiographic studies were performed. VGPR and CR categories require serum 

and urine studies regardless of whether disease at baseline was measurable on serum, urine, both, or neither. 

Radiographic studies are not required to satisfy these response requirements. Bone marrow assessments need not be 

confirmed. For PD, serum M-component increases of ≥1 g/dL are sufficient to define relapse if starting M-

component is ≥5 g/dL. 

* Presence/absence of clonal cells is based upon the kappa/lambda ratio. An abnormal kappa/lambda ratio by 

immunohistochemistry or immunofluorescence requires a minimum of 100 plasma cells for analysis. An abnormal 

ratio reflecting presence of an abnormal clone is a kappa/lambda ratio of >4:1 or <1:2. 

† Clarifications to IMWG criteria for coding CR and VGPR in subjects in whom the only measurable disease is by 

serum free light-chain levels: CR in such subjects indicates a normal free light-chain ratio of 0·26 to 1·65 in addition 

to the CR criteria listed above. VGPR in such subjects requires a >90% decrease in the difference between involved 

and uninvolved free light-chain levels. 

‡ Clarifications to IMWG criteria for coding PD: bone marrow criteria for PD are to be used only in subjects 
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without measurable disease by M-protein and by free light-chain levels; “25% increase” refers to M-protein, free 

light-chain, and bone marrow results, and does not refer to bone lesions, soft tissue plasmacytomas, or 

hypercalcemia, and the “lowest response value” does not need to be a confirmed value. 

 

 

Clinical Relapse 

Clinical relapse is defined using the definition of clinical relapse in the IMWG criteria.1,7 In the IMWG criteria, 

clinical relapse is defined as requiring one or more of the following direct indicators of increasing disease or end-

organ dysfunction that are considered related to the underlying plasma cell proliferative disorder: 

1. Development of new soft tissue plasmacytomas or bone lesions on skeletal survey, magnetic resonance 

imaging, or other imaging 

2. Definite increase in the size of existing plasmacytomas or bone lesions. A definite increase is defined as a 50% 

(and ≥1 cm) increase as measured serially by the sum of the products of the cross-diameters of the measurable 

lesion 

3. Hypercalcemia (>11·5 mg/dL; >2·875 mM/L)  

4. Decrease in haemoglobin of >2 g/dL (1·25 mM) or <10 g/dL 

5. Rise in serum creatinine by ≥2 mg/dL (≥177 mM/L) 

6. Hyperviscosity 

In some subjects, bone pain may be the initial symptom of relapse in the absence of any of the above features. 

However, bone pain without imaging confirmation is not adequate to meet these criteria in studies. 
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Table S2. Duration of Induction/Autologous Stem-cell Transplantation/Consolidation Treatment in the Safety 

Population.* 

 
D-VTd 

(N = 536) 

VTd 

(N = 538) 

Median (range) duration of treatment, months 8·9 (7·0–12·0) 8·7 (6·4–11·5) 

 

*The safety population included patients who underwent the first randomisation and received at least one dose of 

trial treatment. 
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Table S3. Relative Dose Intensities* During Induction/Autologous Stem-cell Transplantation/Consolidation 

Treatment in the Safety Population.† 
Median (Range) Relative Dose 

Intensity, % 

D-VTd 

(N = 536) 

VTd 

(N = 538) 

Bortezomib 96·8 (24·5–105·7) 96·3 (49·2–106·7) 

Thalidomide 96·4 (2–150) 95·4 (0–104) 

Dexamethasone 100 (13–120) 100 (0–125) 

 Induction  

Cycles 1–2 

Induction  

Cycles 3–4 

Consolidation 
 

Daratumumab 100 (7·3–122·0) 99·5 (71·3–112·5) 100 (31·5–131·2) NA 

NA, not applicable. 

*Dose intensity was defined as the ratio of total administered dose to total planned dose. 
†The safety population included patients who underwent the first randomisation and received at least one dose of 

trial treatment.  
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Table S4. Progression-free Survival From First Randomisation Regardless of Second Randomisation in the 

Intention-to-Treat Population. 

 

D-VTd 

(N = 543) 

VTd 

(N = 542) 

Median (95% CI) NE (NE−NE) NE (30·9−NE) 

Hazard ratio (95% CI) 0·47 (0·33−0·67)  

P value <0·0001  

CI, confidence interval; NE, not estimable.   
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Table S5. List of All Deaths on Study* in the Intention-to-Treat Population.  

Treatment Group Primary Cause Reason/Description† 

Control  Progressive disease Polyvisceral failure 

Control  Progressive disease Multiple myeloma 

Control  Adverse event Patient died of two cardiac arrests due to symptoms of myeloma progression 

Control  Progressive disease Progressive disease on therapeutic exhaust 

Control  Adverse event Pulmonary adenocarcinoma 

Control  Progressive disease Pulmonary progression of the disease with myelomatous pleural effusion 

Control  Adverse event Pulmonary embolism 

Control  Adverse event Colonic perforation 

Control  Progressive disease Myeloma 

Control  Adverse event Sudden death 3 days after day 100 evaluation 

Control  Adverse event Acute respiratory distress syndrome 

Control  Adverse event Sudden death 

Control  Progressive disease Natural death following disease 

Control  Progressive disease Alteration of general status 

Control  Other Patient died at home. Discovered in bed. No autopsy was done. Patient cremated 

Control  Progressive disease Numerous new plasmactyomas detected 3 months post ASCT. Fast deterioration of 
patient’s general condition until death 

Control  Adverse event Cardiac decompensation 

Control  Progressive disease Progressive myeloma with meningeal invasion 

Control  Adverse event Cardiac arrest 

Control  Progressive disease Pneumocystosis complicated by acute respiratory distress syndrome 

Control  Progressive disease Refractory multiple myeloma 

Control  Other No additional information available 

Control  Adverse event Natural killer–cell lymphoma 

Control  Adverse event Left basal pneumonitis 

Control  Progressive disease Relapsed multiple myeloma associated with persistent epistaxis. Respiratory stop on 
obstructive clot 

Control  Progressive disease Evolution of myeloma in spite of treatments and radiotherapy, fast degradation of 
general health status, preventing any treatment 

Control  Other Respiratory and cardiac arrest 

Control  Progressive disease This patient was suffering from a multiple myeloma of bad score, which was 

refractory to treatments. Last relapse occurred through cardiac decompensation and 
recurrence of a hepatosplenomegaly linked 

Control  Adverse event Septic shock (pulmonary origin) 

Control  Progressive disease Progressive disease 

Control  Adverse event Patient became in ventricular fibrillation during stay in high-dependency care unit 
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Control  Adverse event Serious adverse event of lymphotic myocarditis 

Daratumumab  Adverse event Cardiac arrest 

Daratumumab  Other Hospitalised for thrombocytopenia. Respiratory distress occurred during 
hospitalisation; patient died due to heart failure 

Daratumumab  Adverse event Fungal infection 

Daratumumab  Progressive disease Worsening condition. Meningitis involvement 

Daratumumab  Progressive disease Relapse under plasmacytoma leukemia 

Daratumumab  Progressive disease Cardiorespiratory arrest 

Daratumumab  Progressive disease After several lines of treatment, patient reported diffuse bone progression 

Daratumumab  Progressive disease Aggressive myeloma with evolutionary plasmacytomas  having resisted several lines 
of chemotherapy 

Daratumumab  Progressive disease Patient death due to disease 

Daratumumab  Adverse event Patient died of cardiorespiratory arrest during hospitalisation for treatment of T-cell 
lymphoma 

Daratumumab  Progressive disease Refractory myeloma and aggressivity of symptomatology 

Daratumumab  Progressive disease Progressive disease, impaired general condition 

Daratumumab  Progressive disease “ae 1” “abdominal lesion” “related to the progression of the disease resulting in death” 

Daratumumab  Progressive disease Decompensatio cordis due to acute renal insufficiency probably because of 
progression of disease 

ASCT, autologous stem-cell transplantation.  

*Up until the clinical cutoff.  
†As originally entered into the database by the investigator.  
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Table S6. Part 1 Treatment-emergent Adverse Events With Outcome of Death in the Safety Population. 

 D-VTd 

(N = 536) 

VTd 

(N = 538) 

Total number of subjects with a treatment-emergent adverse event with an 
outcome of death – no. (%) 

1 (0·2) 9 (1·7) 

MedDRA system organ class/preferred term – no. (%)   

Cardiac disorders 1 (0·2) 2 (0·4) 

Cardiac arrest 1 (0·2) 1 (0·2) 

Myocarditis 0 1 (0·2) 

Gastrointestinal disorders 0 1 (0·2) 

Large intestine perforation 0 1 (0·2) 

General disorders and administration site conditions 0 3 (0·6) 

Death 0 3 (0·6) 

Neoplasms benign, malignant, and unspecified (including cysts and polyps) 0 2 (0·4) 

Lung adenocarcinoma 0 1 (0·2) 

Natural killer–cell lymphoblastic lymphoma 0 1 (0·2) 

Respiratory, thoracic, and mediastinal disorders 0 1 (0·2) 

Pulmonary embolism 0 1 (0·2) 

MedDRA, Medical Dictionary for Regulatory Activities.  

Adverse events are reported using MedDRA version 20·0.  
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Table S7. Baseline Disease Stage Based on the Revised International Staging System*,8 in the Intention-to-

Treat Population.                                                                                                                          

 

D-VTd 

(N = 535) 

VTd 

(N = 540) 

Revised-ISS disease stage – no. (%)   

   I 103 (19·3) 146 (27·0) 

   II 383 (71·6) 344 (63·7) 

   III 49 (9·2) 50 (9·3) 

ISS, International Staging System; R-ISS, Revised International Staging System. 

*After initiation of the study, RISS guidelines were published.8 In addition to albumin and β2-microglobulin levels, 

the R-ISS uses additional information, including serum lactate dehydrogenase and cytogenetic risk, to determine 

staging. A post hoc analysis was performed to determine baseline disease stage based on the R-ISS. 
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