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I N TRODUC TION

Lenalidomide, bortezomib and dexamethasone (RVD, some-
times used interchangeably with the acronym VRD, although 
originally this was used to describe a different regimen de-
tailed below) is the preferred induction regimen for most 
patients with newly diagnosed multiple myeloma (NDMM). 
This combination has been demonstrated in Phase I/II and 
III studies to be associated with excellent response rates and 
manageable toxicities as well as clinical benefit.1� 8 The pivotal 
Phase III Southwest Oncology Group (SWOG) S0777 study 
also demonstrated significantly improved progression- free 
(PFS) and overall survival (OS) compared to lenalidomide/
dexamethasone (Rd) alone in a newly diagnosed patient pop-
ulation with no immediate intent to proceed to autologous 
stem cell transplantation (ASCT)1 (Figure�1).

It may seem counterintuitive to combine lenalidomide and 
bortezomib therapy given that lenalidomide- mediated degra-
dation of Ikaros family members, IKZF1 and IKZF3, occurs 
via a proteasome- dependent pathway.9,10 However, prior to the 
full elucidation of this mechanism preclinical and clinical syn-
ergy had already been demonstrated between the two agents, 
with efficacy in clinical trials seen both in the newly diagnosed 
and relapsed, refractory setting.4,11,12 Mechanisms for the 
synergistic effects have been proposed including incomplete 
proteasome blockade by bortezomib9 and non- proteasome- 
dependent degradation of IKZF1, as well as recently described 
immunogenic cell death associated with bortezomib use.13,14

There is increasing access worldwide to RVD as induction 
therapy for NDMM and this review aims to provide practi-
cal guidance regarding the use of lenalidomide, bortezomib 
and dexamethasone in newly diagnosed patients, including 
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Summary
For patients with newly diagnosed multiple myeloma, survival outcomes continue 
to improve significantly: however, nearly all patients will relapse following induc-
tion treatment. Optimisation of induction therapy is essential to provide longer term 
disease control and the current standard of care for most patients incorporates an 
immunomodulatory agent and proteasome inhibitor, most commonly lenalidomide 
and bortezomib in combination with dexamethasone (RVD), with maintenance 
until progression. Historically there has been limited access to RVD as an induc-
tion strategy outside of the United States; fortunately, there is now increasing access 
worldwide. This review discusses the rationale for use of RVD as induction therapy 
and aims to provide guidance in prescribing this regimen in order to optimise ef-
ficacy while minimising the toxicities of treatment. We also highlight the increasing 
evidence for the utility of addition of a monoclonal antibody to the RVD backbone to 
deepen responses and potentially provide longer disease control.
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the different dosing approaches and the management of 
common toxicities.

W H AT IS TH E EV IDE NCE FOR TH E 
TR A NSPL A N T- E LIGIBL E PATIE N T?

RVD induction therapy prior to planned ASCT has been 
evaluated in Phase II and Phase III studies.2,6� 8,15 A subset 
of patients in other studies have also undergone up- front 
ASCT.4,5 After induction, a very good partial response or 
better (�VGPR) is seen in 45%� 67% of patients,2,6� 8 in-
creasing post- ASCT �VGPR to rates of 66%� 75%. Further 
improvement is possible with consolidation and main-
tenance therapy.2,6,8,16 The median PFS in the IFM 2009 
study, which compared RVD induction followed by ASCT 
with RVD alone, was 47.3 months in the transplantation 
arm compared to 35 months in those who did not undergo 

up- front ASCT.2,17 However, there was no significant dif-
ference in OS at 8 years, at 62.2% and 60.2% respectively.2 
In 1000 consecutive patients treated with RVD induction 
at Emory University, 751 underwent up- front ASCT and 
in this cohort the median PFS was 63 months and median 
OS was 123.4 months.16 In this study, a selected group of 
168 patients who had standard- risk disease and a good 
response to induction therapy were offered deferred 
ASCT. The median PFS of this group was 74.3 months 
and median OS was not reached at a median follow- up of 
102 months.16

Apart from the EVOLUTION study, RVD has not been 
formally compared to induction strategies previously used 
prior to ASCT, such as bortezomib/cyclophosphamide/
dexamethasone (VCD) or bortezomib/thalidomide/dexa-
methasone (VTD).5 A comparison of the different induction 
regimens is found in Table�1. Of note, in the EVOLUTION 
study, the dexamethasone was administered weekly and 

F I G U R E  1  Kaplan� Meier estimates of progression- free survival and overall survival comparing VRd versus Rd in SWOG S0777.1 CI, confidence 
interval; Rd, lenalidomide and dexamethasone; VRd, bortezomib, lenalidomide and dexamethasone. 
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T A B L E  1  Comparison of available induction regimens

Key trials Efficacy, % Notable adverse effects, %

Newly diagnosed, transplant eligible

Bortezomib, lenalidomide, 
dexamethasone (RVD)

PETHEMA/GEM 20127,18

ENDURANCE
GRIFFIN8

SWOG S07771,19,20

Post- inductiona

ORR 81.5� 92
�VGPR 45� 67

Post- inductiona

Grade �3 Peripheral neuropathy: 
3.9� 33b

Grade �3 Neutropenia: 12.9
Grade �3 Thrombocytopenia: 6.3

Bortezomib, thalidomide, 
dexamethasone (VTD)

IFM 2013- 0499

CASSIOPEIA21
Post inductiona

ORR 89.9� 92.3
�VGPR 66.3� 78
IFM 2013- 04 demonstrated improved 

response rates compared to VCD22

Post- inductiona

Grade �3 Peripheral neuropathy: 
7.7b

Grade �3 Neutropenia: 10� 15
Grade �3 Thrombocytopenia: 7� 8

Bortezomib, 
cyclophosphamide, 
dexamethasone (VCD/
CyBorD)

Reeder et al.23

IFM 2013- 0499
Post- inductiona

ORR 83.4� 88
�VGPR 56.2� 61

Post- inductiona

Grade �3 Peripheral neuropathy: 
2.9� 7b

Grade �3 Neutropenia: 13� 33.1
Grade �3 Thrombocytopenia: 

10.6� 25

Carfilzomib, lenalidomide, 
dexamethasone (KRd)

ENDURANCE20

FORTE24 (abstract only)
IFM KRd25

Post- inductiona

ORR 87
�VGPR 74
ENDURANCE did not demonstrated 

superiority over VRD induction 
in patients without intent for 
immediate transplantation

Post- inductiona

Grade �3 Cardiac toxicity: 6
Grade �3 Renal toxicity: 4
Grade 4 Neutropenia: 2
Grade 4 Thrombocytopenia: 1

Daratumumab, bortezomib, 
thalidomide, 
dexamethasone 
(Dara- VTd)

CASSIOPEIA84 Post- inductiona

ORR 92.7
�VGPR 65
CASSIOPEIA demonstrates response 

rates and PFS compared to VTD

Induction and consolidation
Grade �3 Peripheral neuropathy: 9
Grade �3 Neutropenia: 28
Grade �3 Thrombocytopenia: 11

Newly diagnosed, transplant ineligible

Bortezomib, lenalidomide, 
dexamethasone

SWOG S07771,19

RVD Lite3
ORR 81.5� 86
�VGPR 43.5� 66
SWOG S0777 demonstrated improved 

PFS and OS compared to 
lenalidomide/dexamethasone

SWOG S0777, Grade �3 
Neurological events: 33

RVD Lite, Grade �3 Peripheral 
neuropathy 2

SWOG S0777: Grade �3 Blood or 
bone marrow adverse events: 
47

RVD Lite, Grade �3 Neutropenia: 
14

RVD Lite, Grade �3 
Thrombocytopenia: 2

Bortezomib, 
cyclophosphamide, 
dexamethasone

Reeder et al.23 ORR 88
�VGPR 61

Grade �3 Neuropathy: 7
Grade �3 Neutropenia: 13
Grade �3 Thrombocytopenia: 25

Bortezomib, dexamethasone Jagganath et al.99 ORR 88 Grade �3 Neuropathy: 16
Grade �3 Neutropenia: 16
Grade �3 Thrombocytopenia: 3

Lenalidomide, 
dexamethasone

FIRST100,101

SWOG S07771,19

MAIA102

ORR 71.5� 81.3
�VGPR 31.8� 53
FIRST demonstrated lenalidomide/

dexamethasone is superior with 
regards to PFS to fixed duration 
lenalidomide/dexamethasone and 
melphalan/prednisone/thalidomide 
and superior OS compared to 
melphalan/prednisone/thalidomide

Grade �3 Neutropenia: 28� 35.3
Grade �3 Thrombocytopenia: 8
Grade �3 Infections: 23.3� 29
Grade �3 DVT: 8
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not partnered with bortezomib but rather aligned accord-
ing to the lenalidomide/dexamethasone regimen (hence 
VRD rather than RVD), and this may explain the lower re-
sponse rates and higher rates of peripheral neuropathy seen 
with this regimen in this study.5,26 A cross trial compari-
son of GEM 2012 and GEM 2005 demonstrated statistically 
significant improvement in post- induction and post- ASCT 
�VGPR rates with the use of six cycles of RVD compared 
to six cycles of VTD.27 Of note, higher rates of Grade 3/4 
haematological toxicities were seen with RVD compared 
with VTD but significantly lower rates of peripheral neu-
ropathy were noted. Despite the limited number of direct 
comparisons of RVD to other induction strategies in the 
transplant- eligible population, the totality of evidence re-
flected by improved response rates and manageable toxici-
ties, as well as clinical benefit, RVD has become a standard 
of care for induction therapy for most transplant- eligible 
patients with MM. However, it must be noted that many 
healthcare systems do not have access to this induction 
strategy, and here other regimens including VTD and VCD 
are extensively used.

Recent data from the GRIFFIN and GMMG- HD7 studies 
adding a CD38- directed monoclonal antibody (mAb) to a 
RVD backbone have demonstrated an improvement in re-
sponse rates and minimal residual disease (MRD)- negative 
rates in patients considered transplant eligible.8,28 Neither of 
these studies were powered to examine PFS or OS, nonethe-
less GRIFFIN has recently demonstrated a significant PFS 
benefit with the four drug combination.29 Quadruplet in-
duction incorporating a CD38 mAb may therefore become 
the standard of care in patients with myeloma who are con-
sidered transplant eligible.

RVD chemotherapy combinations are a rationale choice 
for plasma cell leukaemia; however, the data supporting the 
use of these regimens is heterogenous and limited.5,30 In the 
era of monoclonal antibodies, a CD38- directed mAb, or al-
ternatively venetoclax given the high rate of t(11;14) in com-
bination with RVD represent attractive options.30

W H AT IS TH E EV IDE NCE FOR TH E 
TR A NSPL A N T- I N E LIGIBL E PATIE N T?

The SWOG S0777 study randomised newly diagnosed pa-
tients who had no immediate intent for ASCT to either eight 
cycles of RVD induction followed by continuous Rd or con-
tinuous Rd. PFS and OS were significantly improved in pa-
tients who received RVD induction, and the median OS in 
the RVD group has not been reached at 84 months of fol-
low- up, compared to 69 months in the Rd group19 (Figure�1). 
Only 43% of patients were aged �65 years and it may be ar-
gued that this limits its applicability to a truly transplant- 
ineligible patient cohort. The benefits with regards to PFS 
and OS did appear to extend to patients aged �65 years in 
this study, albeit not reaching statistical significance in this 
subset with regards to OS (hazard ratio 0.79, 95% confidence 
interval [CI] 0.520� 1.138, p�=�0.168).19

In all, 23% of patients receiving RVD in this study dis-
continued therapy due to adverse events, and less intensive 
regimens with longer cycle length and dose attenuation have 
been proposed, in particular for older patients.3 Specifically, 
RVD Lite demonstrated a VGPR rate of 66% and a median 
PFS of 41.9 months, which is comparable to 41 months in 
the updated analysis of the SWOG S0777 study.3,19 A recent 
network meta- analysis simultaneously assessing the com-
parative efficacy of several treatment options by direct and 
indirect comparisons showed that RVd was the only ther-
apy with evidence of superiority over Rd in terms of OS.31 
Table�1 provides a summary of different induction regimens 
in the transplant- ineligible patient.

Regimens incorporating daratumumab in transplant- 
ineligible patients have demonstrated improved OS com-
pared to bortezomib/melphalan/prednisone (VMP) and Rd 
backbones.32,33 In ALCYONE, the addition of daratumumab 
to VMP (D- VMP) resulted in a 3- year OS of 78% (95% CI 
73.2� 82.0) compared to 67.9% (95% CI 62.6%� 72.6%) in the 
VMP arm.33 A PFS of 36.4 months (95% CI 32.1� 45.9) with 
D- VMP versus 19.3 months (95% CI 18.0� 20.4) with VMP. In 

Key trials Efficacy, % Notable adverse effects, %

Daratumumab- 
lenalidomide- 
dexamethasone 
(DaraRd)

MAIA27,101 ORR 92.9
�VGPR 79.3
MAIA demonstrated DaraRd had a 

superior OS and PFS to Rd

Grade �3 Neutropenia: 54
Grade �3 Infections: 41
Grade �3 Pneumonia: 19
Grade �3 Infusion- related reaction: 

2.7

Daratumumab- 
bortezomib- melphalan- 
dexamethasone

ALCYONE77,83 ORR 91
�VGPR 73
ALCYONE demonstrated superiority of 

Dara- VMP over VMP with regards 
to PFS and OS

Grade �3 Peripheral neuropathy: 
1.4

Grade �3 Neutropenia: 39.9
Grade �3 Thrombocytopenia: 34.4
Grade �3 Infections: 23.1
Grade �3 Pneumonia: 11.3
Grade �3 Infusion reaction: 4.9

Abbreviations: DVT, deep venous thrombosis; ORR, overall response rate; OS, overall survival; PFS, progression- free survival; �VGPR, very good partial response or better.
aPost- induction response rates and induction related toxicity not reported for all studies.
bVariable between schedules with different number of cycles, intravenous versus subcutaneous administration of bortezomib.

T A B L E  1  (Continued)
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