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PD or death in EBd









Phase 3 Randomized Controlled Study of Daratumumab, 
Bortezomib and Dexamethasone (DVd) vs Bortezomib and 

Dexamethasone (Vd) in Patients with Relapsed or Refractory 
Multiple Myeloma (RRMM): CASTOR*
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Study Design
 Multicenter, randomized, open-label, active-controlled, phase 3 study

• Cycles 1-8: repeat every 21 days

• Cycles 9+: repeat every 28 days

Primary endpoint

• PFS

Secondary endpoints

• TTP

• OS

• ORR, VGPR, CR

• MRD

Key eligibility 

criteria

• RRMM

• ≥1 prior line of 

therapy 

• Prior bortezomib 

exposure, but not 

refractory
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DVd (n = 251)
Daratumumab (16 mg/kg IV)

Every week: Cycles 1-3

Every 3 weeks: Cycles 4-8

V: 1.3 mg/m2 SC on Days 1, 4, 8, and 11 of 

Cycles 1-8

d: 20 mg PO-IV on Days 1, 2, 4, 5, 8, 9, 11, and 

12 of Cycles 1-8

Vd (n = 247)
V: 1.3 mg/m2 SC on Days 1, 4, 8, and 11 of 

Cycles 1-8

d: 20 mg PO-IV on Days 1, 2, 4, 5, 8, 9, 11, and 

12 of Cycles 1-8

Statistical analyses

• Planned to enroll 

480 patients

• Primary analysis: 

~177 PFS events

D 

only
Every 4 

weeks: 

Cycles 9+

Obs 

only

N = 498

DVd, daratumumab, bortezomib and dexamethasone; IV, intravenous; V, bortezomib; SC, subcutaneously; d, dexamethasone; PO, orally; VD, bortezomib and 
dexamethasone; D, daratumumab; Obs, observation; PFS, progression-free survival; TTP, time to progression; OS, overall survival; ORR, overall response rate; VGPR, 
very good partial response; CR, complete response; 
MRD, minimal residual disease; ISS, International Staging System. 
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

Stratification factors

• ISS (I, II, and III)

• Number of prior lines (1 vs 2 

or 3 vs >3)

• Prior bortezomib (no vs yes)

 Premedication for the DVd treatment group consisted of 

dexamethasone 20 mg, acetaminophen, and an antihistamine



Baseline Demographic and 
Clinical Characteristics

ASCT, autologous stem cell transplantation; PI, proteasome inhibitor; IMiD, immunomodulatory drug.
aISS staging is derived based on the combination of serum β2-microglobulin and albumin.
bCentralized analysis using next-generation sequencing.  Patients with high risk had t(4;14), t(14;16), or del17p abnormalities. 
cExploratory. 
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

Characteristic DVd
(n = 251)

Vd
(n = 247)

Prior lines of therapy, n (%)

Median  

1

2

3

>3

1-3c

2 (1-9)

122 (49)

70 (28)

37 (15)

22 (9)

229 (91)

2 (1-10)

113 (46)

74 (30)

32 (13)

28 (11)

219 (89)

Prior ASCT, n (%) 156 (62) 149 (60)

Prior PI, n (%) 169 (67) 172 (70)

Prior IMiD, n (%) 179 (71) 198 (80)

Prior PI + IMiD, n (%) 112 (45) 129 (52)

Refractory to IMiD only, 

n (%) 74 (30) 90 (36)

Refractory to last line of 

therapy, n (%) 76 (30) 85 (34)

Characteristic DVd
(n = 251)

Vd
(n = 247)

Age, y

Median (range)

≥75, n (%)

64 (30-88)

23 (9)

64 (33-85)

35 (14)

ISS staging, n (%)a

I

II

III

98 (39)

94 (38)

59 (24)

96 (39)

100 (41)

51 (21)

Creatinine clearance 

(mL/min), n (%)

N   

>30-60 

>60

243

49 (20)

186 (77)

233

59 (25)

163 (70)

Median time from 

diagnosis, y (range) 

3.87 

(0.7-20.7)

3.72 

(0.6-18.6)

Cytogenetic profile, n (%)b

N 

Standard risk

High risk      

167

123 (74) 

44 (26)

186

135 (73)

51 (27)



Primary Analysis Results
 The primary endpoint was met at the primary analysis (7.4 months of median follow-up)

– Hazard ratio (HR): 0.39; 61% reduction in the risk of progression or death with DVd 

versus Vd 

 Significantly higher and deeper responses for DVd versus Vd

 At the primary analysis, the independent data and safety monitoring committee 

recommended that Vd patients with progressive disease receive daratumumab 

monotherapy

CI, confidence interval; sCR, stringent complete response; PR, partial response. 
Palumbo A, et al. N Engl J Med. 2016;375(8):754-766. 



Updated Efficacy

ITT, intent to treat. 
Note: PFS: ITT population; ORR: response-evaluable population.
aKaplan-Meier estimate.
bP <0.0001 for DVd versus Vd.
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

 Median (range) follow-up: 13.0 (0-21.3) months

 An additional 7% of patients receiving DVd achieved ≥CR with longer follow up

HR: 0.33 (95% CI, 0.26-0.43; P <0.0001)
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Responses continue to deepen in the DVd group with longer follow-up





PFS: Prior Lines of Treatment

aKaplan-Meier estimate
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 
.

2 to 3 prior lines1 prior line
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12-month PFSa

DVd is superior to Vd regardless of prior lines of therapy, with greatest 

benefit observed in 1 prior line

HR: 0.51 (95% CI, 0.36-0.73; P = 0.0002)



PFS by Prior Bortezomib Exposure:
1 Prior Line Population

DVd provides treatment benefit regardless of prior bortezomib exposure

Vd

DVd
%

 s
u

rv
iv

in
g

 w
it
h

o
u

t 
p

ro
g

re
s
s
io

n

0

20

40

60

80

100

0 3 6 9 12 15 18 24

113

122

56

60

57

62

91

109

43

54

48

55

69

104

33

52

36

52

43

99

23

51

20

48

11

59

8

30

3

29

5

19

3

10

2

9

0

3

0

3

0

0

0

1

0

1

0

0

Vd

DVd

Vd – No prior bortezomib

DVd - No prior bortezomib

Vd – Prior bortezomib

DVd - Prior bortezomib

No. at risk
Months

21

0

0

0

0

0

0

Vd – No prior bortezomib

DVd – No prior bortezomib

Vd – Prior bortezomib

DVd – Prior bortezomib

Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 
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ORR by Prior Linesa

aResponse-evaluable population. 
bP = 0.0006 for DVd vs Vd. 
cP <0.0001 for DVd vs Vd. 
dP = 0.0133 for DVd vs Vd. 
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

2 to 3 prior lines

ORR = 79%

ORR = 58%

P = 0.0022

≥VGPR: 

52%c

≥CR:  

19%d
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More patients achieve a deeper response with DVd

after 1 prior line of treatment



PFS: Cytogenetic Risk in All Evaluable Patientsa

NR, not reached.
aITT/Biomarker risk–evaluable analysis set.
bCentral next-generation sequencing.  High-risk patients had any of t(4;14), t(14;16), or del17p.  Standard-risk patients had an absence of high-risk abnormalities.
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 
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DVd improves outcomes regardless of cytogenetic risk

DVd

n = 123

Vd

n = 135

Standard 

risk

0.29 (0.20-0.43)

<0.0001

NR 7.0

85 64

0.0003

n = 118 n = 131

Median PFS, 

mo

HR (95% CI)

P value

ORR, %

P value

DVd

n = 44

Vd

n = 51

Median PFS, 

mo 11.2 7.2

HR (95% CI)

P value

High 

riskb

0.49 (0.27-0.89)

0.0167

ORR, % 82 62

P value 0.039

n = 44 n = 47







MRD rates by prior lines of therapy
1 prior line (n = 235)

***P <0.0001; **P <0.01; NS, not significant.  
P values calculated using likelihood-ratio chi-square test. 
MRD-negativity rate = proportion of patients with negative MRD test results at any time during treatment.
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

MRD-negative rates for DVd were ≥3-fold higher across all thresholds

ITT (N = 498)

 MRD was evaluated by ClonoSEQ-NGS-based assay in a central lab at three sensitivity thresholds, 

for patients with suspected CR and also for patients who maintain CR at C9 and C15
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PFS: MRD Status (10–5)

1 prior lineITT
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Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 





OS

HR: 0.63 (95% CI, 0.42-0.96)
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 OS events

– 37 (15%) in DVd

– 58 (24%) in Vd

 OS HR for DVd versus Vd 

by prior lines:

– 1 prior line = HR: 0.42   

(95% CI, 0.19-0.93)

– 1-3 prior line = HR: 0.54 

(95% CI, 0.34-0.84)

Median OS was not reached; results did not cross the prespecified stopping boundary.
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA. 

Curves are beginning to separate, but OS data are immature



Most Common TEAEs (All Patients): 
Updated Analysis

DVd (n = 243) Vd (n = 237)

Hematologic, n (%)
All-grade 

≥25%a

Grade 3/4

≥5%a

All-grade 

≥25%a

Grade 3/4 

≥5%a

Thrombocytopenia 145 (60) 110 (45) 105 (44) 78 (33)

Anemia 67 (28) 36 (15) 75 (32) 38 (16)

Neutropenia 45 (19) 32 (13) 23 (10) 11 (5)

Lymphopenia 32 (13) 24 (10) 9 (4) 6 (3)

Nonhematologic, n (%)

Peripheral sensory 

neuropathy
120 (49) 11 (5) 90 (38) 16 (7)

Diarrhea 83 (34) 9 (4) 53 (22) 3 (1)

Upper respiratory tract    

infection
72 (30) 6 (3) 43 (18) 1 (0.4)

Cough 66 (27) 0 30 (13) 0

Fatigue 53 (22) 12 (5) 58 (25) 8 (3)

Pneumonia 33 (14) 22 (9) 28 (12) 23 (10)

Hypertension 22 (9) 16 (7) 8 (3) 2 (0.8)

 Grade 3/4 TEAEs: 79% of DVd patients versus 63% of Vd patients

 Discontinuations due to TEAEs: 9% of DVd patients versus 9% of Vd patientsb

 No new IRRs; incidence remains stable with longer follow up (45%) 
TEAE, treatment-emergent adverse event; IRR, infusion-related reaction.
aCommon TEAEs listed are either ≥25% all grade OR ≥5% grade 3/4. bVd arm treated for 8 cycles and DVd arm treated until progressive disease, per protocol.
Mateos M-V, et al. Oral presentation at: 58th American Society of Hematology (ASH) Annual Meeting and Exposition; December 3-6 2016; San Diego, CA, USA.   





Daratumumab

DVd vs Vd

PFS HR (95% CI) 0.39 (0.28-0.53)

PFS, median mo NE

≥VGPR 59%

≥CR 19%

Duration of 

response, mo
NE

OS HR (95% CI) 0.77 (0.47, 1.26)

1. Dimopoulos MA, et al. Lancet Oncol. 
2016;17(1):27-38.
2. San-Miguel JF, et al. Lancet Oncol. 
2014;15(11):1195-1206.
3. San-Miguel JF, et al. Blood. 
2015;126(23):Abstract 3026.
4. Jakubowiak A, et al. Blood. 2016. Epub ahead 
of print. 

Carfilzomib

Kd vs Vd1

Panobinostat

PVd vs Vd2,3

Elotuzumab

EVd vs Vd4

0.53 (0.44-0.65) 0.63 (0.52-0.76) 0.72 (0.59-0.88)

18.7 12.0 9.7

54% 28% 36%

13% 11% 4%

21.3 13.1 11.4

0.79 (0.58-1.08) 0.94 (0.78-1.14) 0.61 (0.32-1.15)

Palumbo, A. Oral Presentation EHA 2016

PI-based Studies: Efficacy outcome




















