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Abstract

To improve the outcomes of patients with the otherwise incurable hematologic malignancy of multiple myeloma (MM), a
key paradigm includes initial treatment to establish disease control rapidly followed by maintenance therapy to ensure
durability of response with manageable toxicity. However, patients’ prognosis worsens after relapse, and the disease
burden and drug toxicities are generally more challenging with subsequent lines of therapy. It is therefore particularly im-
portant that patients with newly diagnosed multiple myeloma (NDMM) receive optimal frontline therapy. The combination
of lenalidomide, bortezomib, and dexamethasone (RVd) has consistently demonstrated a tolerable safety profile with sig-
nificant and clinically relevant benefit, including deep and durable responses with improved survival in patients with
NDMM regardless of their transplant eligibility. Furthermore, comparative studies evaluating this triplet regimen against
both doublet and other triplet regimens have established RVd as a standard of care in this setting based upon its remarkable
and concordant efficacy. Given the breadth of clinical data, physician familiarity, inclusion in treatment guidelines, and the
emerging potential of RVd-containing quadruplet regimens, RVd will likely continue as a key cornerstone of the treatment
of NDMM, and its role will therefore likely continue to grow as a therapeutic backbone in the initial treatment of MM.

Introduction

Combinations of lenalidomide, bortezomib, and dexa-
methasone (RVd) are recommended for the treatment of
newly diagnosed multiple myeloma (NDMM).'2 Lenalido-
mide and bortezomib are approved for use in the USA for
either transplant-ineligible (TNE) or transplant-eligible
(TE) patients with NDMM. In 2019, RVd was approved in
the European Union (EU) for patients with TNE NDMM?
and is used in Switzerland, Australia, and Brazil for NDMM
regardless of transplant eligibility.

In NDMM trials, RVd has achieved deep, durable re-
sponses that are among the best reported with triplet
regimens, which have been further improved with the in-
troduction of monoclonal antibodies.* The efficacy and
tolerability of RvVd have been demonstrated in TNE and
TE populations across numerous studies and dose
schedules. This review summarizes data supporting RVd
as standard of care in NDMM when administered as in-
duction therapy in settings of autologous stem cell trans-
plant (ASCT) or in TNE patients, and as part of emerging
quadruplet regimens.
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RVd: rationale and background

MM remains incurable, despite therapeutic advances hav-
ing led to substantially improved progression-free (PFS)
and overall survival (0S).5¢ Disease burden, toxicities, and
outcomes typically worsen with each subsequent line of
therapy, confirming critical needs for effective frontline in-
tervention.” Achieving sustained deep responses (very
good partial response [VGPR], complete response [CR],
minimal residual disease [MRD] negativity) is a key treat-
ment goal for NDMM and can improve survival.®" Frontline
regimens should be highly effective and tolerable to attain
successful induction and maintain continuous therapy.
Avoiding agents that deplete stem cells and interfere with
their collection is important in order to preserve the op-
tion of ASCT.

Lenalidomide (an immunomodulatory agent) and borte-
zomib (a proteasome inhibitor) are backbones of phar-
macotherapy for NDMM."® Lenalidomide has pleiotropic
mechanisms of action and can synergistically enhance
antimyeloma effects of other drugs (e.g., dexametha-
sone)."™ The efficacy and tolerability of lenalidomide +
dexamethasone (Rd) in NDMM have been demonstrated
in multiple trials, including the phase Il FIRST study,
which established continuous Rd treatment in TNE
NDMM.*'® Likewise, bortezomib enhances the antimye-
loma activity of dexamethasone and other agents'' and
has been evaluated extensively in NDMM.® Rd has syn-
ergistic activity, as confirmed in relapsed/refractory MM
(RRMM) phase I/Il studies in which lenalidomide-ex-
posed and bortezomib-exposed patients achieved dur-
able responses, with favorable toxicity.?®?" Each drug
individually, especially bortezomib, has positive effects
on bone metabolism.???® Since the treatment landscape
has shifted toward triplet regimens due to their im-
proved efficacy over doublet regimens, clinical evalu-
ations of RVd in NDMM have accelerated. With the
success of Rvd in NDMM, newer agents have been evalu-
ated in this setting with Rd, including carfilzomib,?* ixa-
zomib,?® daratumumab (DARA),?® and elotuzumab.?”

RVd: phase II studies in newly
diagnosed multiple myeloma

The RVd regimen was initially evaluated with bortezomib
administered intravenously (IV) (Table 1). In the first and
seminal phase I/1l trial, following RVd induction, patients
achieving a partial response (PR) or better could undergo
ASCT, and all responding patients could then receive
tailored RVd maintenance after eight cycles.?® The ran-
domized phase Il EVOLUTION trial, which included lenali-
domide and bortezomib with weekly dexamethasone
treatment (the so-called VRd regimen) versus three other
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bortezomib-, dexamethasone-, and cyclophosphamide-
containing regimens, in patients with TE or TNE NDMM fol-
lowed.?® This study demonstrated a combined efficacy and
manageable toxicity profile (including the lowest rates of
grade 23 hematologic and overall adverse events [AE]
among the evaluated regimens), which warranted further
investigation in phase Il trials.?® The IFM 2008 trial evalu-
ated RVd, administered in three 21-day cycles, in TE pa-
tients with NDMM.2° Patients then proceeded to ASCT,
after which those who had not progressed received two
21-day cycles of RVd consolidation. This study demon-
strated the favorable efficacy of the RVd regimen in TE pa-
tients.

The second wave of phase Il RVd trials (using subcu-
taneous [SC] bortezomib) provided supporting data, ex-
ploring different dosing strategies, such as the RVd Lite
regimen designed to minimize toxicities in older TNE pa-
tients by using lower dose intensities.*** Notably, prom-
ising results from the phase Il GRIFFIN trial evaluating
quadruplet RVd-DARA versus RVd?®**3* have led to imple-
mentation of RVd as a basis for quadruplet regimens,
which are poised for inclusion in the NDMM treatment
paradigm.3*%¢ Key characteristics of the study populations,
outcomes, and selected safety findings of these phase Il
studies are shown in Table 1, and the phase Il RvVd dosing
schedules are shown in Table 2.

RVd: phase III studies in newly
diagnosed multiple myeloma

Phase Ill studies have further supported the use of RVd
in NDMM (Table 3). The pivotal SWOG SO0777 trial demon-
strated greater efficacy of RVd than Rd in patients not in-
tended for immediate ASCT, supporting regulatory
approval of RvVd.**" Patients randomly assigned to RVd re-
ceived eight 21-day cycles (Table 2), followed by Rd main-
tenance. After a median follow-up of 7 years, improved
PFS (median, 41 vs. 29 months; P=0.003 ) (Figure 1A) and
0OS (median, not reached [NR] vs. 69 months; P=0.0114)
(Figure 1B) were observed with RVd versus Rd.*® RVd also
improved depth of response, with 75% of patients achiev-
ing 2VGPR versus 53% with Rd. Rates of toxicities were
generally similar between the treatment groups, but more
grade 23 neurologic toxicities were observed with RVd
than with Rd (34.6% vs. 11.3%, respectively), likely due to
the use of IV bortezomib. A post-hoc analysis of this trial
also evaluated RVd versus Rd in patients stratified by
age.* In patients <65 years of age (n=269), improved PFS
(median, 55.4 vs. 36.6 months; hazard ratio [HR]=0.63,
95% confidence interval [95% CI]: 0.46-0.87) and OS
(median, NR vs. 68.9 months; HR=0.61, 95% CI: 0.39-0.97)
were observed with RVd versus Rd. Higher rates of grade
>3 treatment-emergent adverse events (TEAE) (87 vs.
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Table 1. Phase Il studies evaluating RVd in patients with newly diagnosed multiple myeloma.?

Study

Population

Response

PFS and OS

Selected safety

findings
Grade 3/4 AE
i 28
Richardson et al. Phase Il (best response): .
(NCT00378105) ORR: 100% =VGPR: 74% Lymphopenia: 14%
. © . (<] . OO
. ) N=66 18-mth PFS rate: 75% Neutrophll.s. 9%
Regimen: 8 x 21-day cycles of All patients Platelets: 6%
. ) . oo
Rva _(optlonal ASCT aft_e r4cy Phase II: N=35 (best response): 18-mth OS rate: 97% Neuropathic pain: 3_/°
cles if =PR) — RVd mainte- ORR: 100% Neuropathy, sensory: 2%
nance after 8 cycles zVGP.R' 67‘; Neuropathy, motor: 2%
(if responding)® o
No grade 4 neuropathy
EVOLUTION®=®
(NCT00507442) N=140 Grade =3 AE

Regimens: (8 x 21-day

cycles of RVd vs. VDC vs.
VDC-mod vs. VDCR) — BORT
maintenance

RVd: N=42 (98% TE)

ORR (best response): 85%

ORR (end of consolidation):

=VGPR (best response): 51%

1-yr PFS rate: 83%

1-yr OS rate: 100%

Neutropenia: 10%
Thrombocytopenia: 12%
Neuropathy: 17%

Grade 3/4 AE

97% (during RVd induction or
consolidation)
IFM 2008%
(NCT01206205) =VGPR
(end of consolidation): Neutropenia: 35%
3 x 21-day cycles of N=31 87% 3-yr PFS rate: 77% Thrombocytopenia: 13%
RVd ~ ASCT — 2 cycles of RVd . ORR _ Grade 3/4 AE
consolidation — LEN mainte- TE patients Lo 3-yr OS rate: 100% .
. (best response at any time): (reported at any time)
nance (+ BORT if o
tient had high-risk feat 100%
patient had high-risk features) Neutropenia: 65%
=VGPR Thrombocytopenia: 19%
(best response at any time):
84% No grade 3/4 neuropathy
Grade =3 related AE
CTRIAL-IE (ICORG) 13-17% ORR (after 4 cycles of RVd):
(NCT02219178) 92.5%° Thrombocytopenia: 16.7%
N=42 7
Not reported Fatigue: 11.9%
4 x 21-day cycles of RVd — >VGPR P Neutropenia: 9.5%

(ASCT or 4 more cycles of RVd)
— LEN maintenance

TE or TNE patients

62.5%°

(after 4 cycles of induction):

PN: 4.8%

No grade 4 PN

RVd Lite®' Grade =3 TEAE
(NCTO01782963) ORR (after 4 cycles of RVd . )

N=50 Lite): 86% Mgg'fr:n'?:ss' Hypophosphatemia: 34%
9 x 35-day cycles of RVd Lite ' Fatigue: 16%
— 6 x 28-day cycles of LEN + TNE patients =VGPR (after 4 cycles of RVd Median OS: NR Neutropenia: 14%

BORT consolidation — LEN
maintenance

Lite): 66%

PN: 2%
Thrombocytopenia: 2%

Grade =3 AE in patients

FMG-MMO0232 who received

(NCTO01790737) ORR (best response at any 1-/2-/3-yr PFS rates: RVd induction (N=78)
N=80 time): 89% 78%167%/52%

3 x 21-day cycles of RVd — Neutropenia: 24%

(CY + FIL mobilization vs. FIL TE patients =VGPR (best response at any  1-/2-/3-yr OS rates: Infections: 23%°

mobilization) - ASCT — LEN
maintenance

time): 68%
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Febrile neutropenia: 22%
Thrombocytopenia: 14%
PN: 3%
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Selected safety

Population Response PFS and OS findings
Grade 3/4 TEAE
, , 1-yr PFS rate
ORR (b%/Ve dn.d9c1)f£|;r;/ductlon) RVd: 95.3% Neutropenia
PR RVd-DARA: 96.9% RVd: 22%
RVd-DARA: 98.0% RVJ-DARA: 41%
GRIFFIN34 35 (by end of consolidation) o-vr PES rate e
(NCT02874742) RVd: 91.8% yrr .
N=207 RVJ-DARA: 99 0% RVd: 89.8% Lymphopenia
RVd: N=104 EEee RVd-DARA: 95.8% RVd: 22%

(4 x 21-day cycles of RVd vs.

RVG-DARA) —» ASCT — (2 cy-  (VA-DARA: N=103

sCR (by end of induction) RVd-DARA: 23%

1-yr OS rate
cles of RVd vs. RVd-DARA con- . RVd: 7.2% ) o .
solidation) — (LEN vs. LEN + TE patients RVd-DARA: 12.1% RVd: 97.9% Thrombocytopenia
: o RVd-DARA: 99.0% RVd: 9%
DARA maintenance) (by end of consolidation) i
) RVd-DARA: 16%
RVd: 32.0% 2-yr OS rate
- . %
Rvd ?in)AGSS'ZA' : RVd: 93.4% PN’
- RVd-DARA: 95.8% RVd: 8%
RVd-DARA: 7%
Grade 3/4 TEAE
Neutropenia
fuGons zo
(NCT03412565) N0 =VGPR rate (:itsg))rlmary analy- RA-DARA: 49 2%

RVd-DARA: 4 x 21-day

cycles of RVd-DARA
VMP-DARA: 9 x 42-day

cycles — 28-day cycles until PD
Rd-DARA: 28-day cycles until
PD

RVd-DARA: 71.6% Not reported

Lymphopenia
RVd-DARA: 16.4%
VMP-DARA: 22.4%

Rd-DARA: 10.8%

RVd-DARA: N=67
VMP-DARA: N=67
Rd-DARA: N=65

ORR (at primary analysis)
VMP-DARA: 88.1%
Rd-DARA: 90.8%

Thrombocytopenia

RVd-DARA: 14.9%

VMP-DARA: 43.4%
Rd-DARA: 13.8%

3Due to differences in study design and procedures, cross-trial comparisons must be interpreted with caution. "RVd maintenance
therapy comprised 21-day cycles of lenalidomide (dose tolerated at the end of cycle 8) on days 1-14, bortezomib (dose tolerated
at the end of cycle 8) on days 1, 8, and dexamethasone 10 mg on days 1, 2, 8, 9. °Of 40 response-evaluable patients. “Not including
febrile neutropenia. ¢Pre-set one-sided a of 0.1. ‘{Grouped term that includes peripheral neuropathy and peripheral sensory neu-
ropathy. AE: adverse events; ASCT: autologous stem cell transplant; BORT: bortezomib; CY: cyclophosphamide; DARA: daratu-
mumab; DEX: dexamethasone; FIL: filgrastim; IV: intravenously; LEN: lenalidomide; NR: not reached; ORR: overall response rate;
OS: overall survival; PD: progressive disease; PFS: progression-free survival; PN: peripheral neuropathy; PR: partial response; Rd-
DARA: lenalidomide, dexamethasone, and daratumumab; RVd: lenalidomide, bortezomib, and dexamethasone; RVd-DARA: le-
nalidomide, bortezomib, dexamethasone, and daratumumalb; RVd Lite: modified lenalidomide, bortezomib, and dexamethasone;
sCR: stringent complete response; TE: transplant eligible; TNE: transplant ineligible; TEAE: treatment-emergent adverse events;
VDC: bortezomib, dexamethasone, and cyclophosphamide; VDC-mod: bortezomib, dexamethasone, and cyclophosphamide with
an additional cyclophosphamide dose; VDCR: bortezomib, dexamethasone, cyclophosphamide, and lenalidomide; VGPR: very
good partial response; VMP-DARA: bortezomib, melphalan, prednisone, and daratumumab; mth/mths: month/months; yr: year.

79%) and treatment discontinuation due to toxicity (29 vs.
18%) were observed with RVd than with Rd. In patients 265
years of age (n=202), PFS (median, 33.1 vs. 25.8 months;
HR=0.83, 95% CI: 0.60-1.16) and OS (62.9 vs. 53 months;
HR=0.83, 95% Cl: 0.55-1.23) were no longer statistically sig-
nificant for RVd versus Rd. While rates of grade 23 TEAE
were similar (93% for RVd vs. 89% for Rd), discontinuation
due to toxicity was higher for RVd (47 vs. 26%).

Interim results from the randomized phase Ill ENDURANCE
(E1A1) trial, evaluating RVd versus carfilzomib, lenalido-
mide, and dexamethasone (KRd) in NDMM (regardless of

intent to undergo ASCT) demonstrated similar efficacy.*®
In this trial, which enrolled standard-risk patients as well
as those with fluorescence in situ hybridization (FISH)-
identified t(4;14) but excluded those with other high-risk
cytogenetics, such as 17p deletion, PFS (censoring at SCT
or alternative therapy) was 34.4 versus 34.6 months with
RVd versus KRd, respectively (P=0.74), after a median fol-
low-up of 15 months. The rate of 2CR (14.8% vs. 18.3%;
P=0.13) was also similar, although more patients achieved
>VGPR with KRd (64.7% vs. 73.8%; P=0.0015). Notably, rates
of grade 23 serious AE overall and cardiac, pulmonary, and
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renal AE were lower with RVd than with KRd, while rates
of grade 3/4 peripheral neuropathy (PN) were higher.

The DSMM XIV study, evaluating induction with Rvd (given
as three 21-day cycles) compared with lenalidomide, dox-
orubicin, and dexamethasone (RAD), followed by re-
sponse-adapted SCT (autologous or allogeneic) and
lenalidomide maintenance, was designed to confirm the
noninferiority of RAD for the induction phase primary end-
point of CR rate.* In the RVd versus RAD arms, the rates
of 2CR were similar (13.0% vs. 11.8%), but there were non-
significant trends toward higher rates of 2VGPR (46.3% vs.
38.9%) and MRD negativity, as determined by next-gener-
ation sequencing (26.8% vs. 21.3%), with RvVd. Rates of
grade 23 neutropenia and thrombocytopenia were similar
in the two arms, whereas grade 23 polyneuropathy/neu-
ralgia was observed in 2.1% of patients treated with RVd
and none treated with RAD. In an updated analysis
(median follow-up, 40.2 months), median PFS from first
randomization was longer with Rvd than with RAD (53.7

Table 2. RVd nomenclature and dosing schedules.

P.G. Richardson et al.

vs. 41.7 months; P=0.0439).#2

In the IFM 2009 study, TE patients received three 21-day
cycles of Rvd induction (Table 2) followed by ASCT and
two cycles of RVd consolidation (RVd + ASCT) or three
cycles of RVd induction followed by five cycles of Rvd
consolidation (RVd); lenalidomide maintenance was then
administered for 1 year.**** PFS was improved with RvVd +
ASCT versus RVd by approximately 12 months (median,
47.3 vs. 35.0 months; HR=0.70; 95% CI: 0.59-0.83;
P<0.001).** Remarkably, OS was similar (HR=1.03; 95% ClI:
0.80-1.32; P=0.81); the median OS was NR in either arm.**
The rate of 2VGPR was higher with RVd + ASCT than with
RvVd (88% vs. 77%; P=0.001).** Grade 3/4 neutropenia,
thrombocytopenia, and febrile neutropenia were more
common with RVd + ASCT than with RVd; however, rates
of grade 3/4 PN were similar. With a median follow-up of
243 months, the incidence of second primary malignancy
per 100 patient-years did not differ significantly between
patients treated with Rvd + ASCT or RVd (1.5 vs. 1.1), nor

Nomenclature? RVd NDMM trials Population Cycle length Lenalidomide Bortezomib" Dexamethasone
Richardson et al.?8:¢
CTRIAL-IE (ICORG)
13-17%
FMG-MM0232
Rvd SWOG S0777% 25 mg 1.3 mg/m? 20 mg days
Classic DSMM XIV# TE or TE/TNE 21 days days 1-14 days1,4,8,11 1,2,4,5,8,9, 11,12
IFM 200943 ¢
ENDURANCE?®*: ¢
RVD 1000%
DETERMINATION®*:
Non-traditional EVOLUTION?=® 25 mg 1.3 mg/m? 40 mg days
RVde IFM 20082 ULSCIAUISAINE =l e days 1-14 days 1, 4, 8, 11 1,8, 15
Non-traditional a4 25 mg 1.3 mg/m? 20 mg days
RVde GRIFFIN TE 21 days days 1-14 days1,4,8,11  1,2,8,9, 15,16
25 mg 1.3 mg/m? 40 mg days
- 49
GEM-RVds GEM 2012 TE 28 days days 1-21 days 1, 4, 8, 11 1-4, 9-12
20 mg
15 mg <75yr:days 1, 2, 8,
Rvd - ) 1.3 mg/m2 9, 15, 16, 22, 23
Lite RVd LITE TNE 35 days days 1-21 days 1, 8, 15, 22 75 yr: days
1,8, 15, 22
RVd h . i 15 mg 1.3 mg/m? 20 mg days
Ultra Lite LIS, et Hiel e days 1-21 days 1, 8, 15 1,2,8,9, 15,16
RVd Premium h 25 mg 1.3-1.6 mg/m?> 20 mgdays 1, 2, 8,
Lite TNE 28 days days 1-21 days 1,8,15,22 9,15, 16, 22, 23

2RVd regimen nomenclature is not yet standardized. °CTRIAL-IE (ICORG) 13-17, RVd LITE, FMG-MMO02, DSMM XIV, GRIFFIN, and GEM2012 used
SC bortezomib. ENDURANCE used SC or IV bortezomib. All other listed trials used IV bortezomib. SC bortezomib is generally used for the
RVd Ultra Lite and RVd Premium Lite regimens, but IV bortezomib may be administered with IV normal saline for those patients who are not
tolerant of SC bortezomib. °Phase Il dosing for this trial. “During the consolidation phase of IFM 2009, RVd was administered with dexameth-
asone 10 mg in the transplant arm. *Bortezomib on days 1 and 8 in cycles 9-12; dexamethasone reduced to 10 mg starting in cycle 5, and
limited to days 1, 2, 8, and 9 during cycles 9-12. fIV or SC bortezomib; dexamethasone dose was 20 mg for cycles 1-3 and reduced to 10 mg
starting in cycle 4. eThe RVd regimens used in these trials do not yet have widely accepted or proposed nomenclatures. "Regimen used in
some clinics but not yet used in a published phase Il or phase Il clinical trial. IV: intravenous; NDMM: newly diagnosed multiple myeloma;
RVd: lenalidomide, bortezomib, and dexamethasone; SC: subcutaneous; TE: transplant eligible; TNE: transplant ineligible; yr: year.
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did the frequency of acute myeloid leukemia (4 cases vs.
1 case) or myelodysplastic syndromes (1 case each), al-
though follow-up remained short.*?

The safety and efficacy of adding ASCT to RvVd were also
evaluated in the recently reported DETERMINATION
study.*® Eligible patients received one cycle of RvVd (Table
2) and were then randomly assigned 1:1 to receive two
cycles of Rvd with stem cell mobilization followed by
either five cycles of Rvd (RVd alone) or high-dose melpha-
lan with ASCT and two subsequent cycles of Rvd (Rvd +
ASCT). Both groups received maintenance therapy with
daily lenalidomide until disease progression, unacceptable
toxicity, or both. With a median follow-up of 76.0 months,
PFS was significantly improved with RvVd + ASCT versus
RVd alone (median PFS, 67.5 vs. 46.2 months; HR=0.65;
95% CIl: 0.52-0.81; P<0.001) (Figure 2A). However, no OS
benefit with RvVd + ASCT over RVd alone was observed
(Figure 2B). The 5-year OS in patients with high-risk cyto-
genetics was greater with RVd + ASCT than with RVd alone
(63.4% vs. 54.3%). Response rates were similar with Rvd +
ASCT and RVd alone (2PR, 97.5% vs. 95.0%; >VGPR, 82.7%
vs. 79.6%; 2CR, 46.8% vs. 42.0%). A greater percentage of

P.G. Richardson et al.

patients achieved MRD negativity with RvVd + ASCT than
with RVd alone (54% vs. 40%; odds ratio=0.55; 95% CI:
0.30-1.01). In patients who were MRD positive, the median
PFS was greater with Rvd + ASCT than with RvVd alone
(50.6 vs. 33.4 months), but no difference in median PFS
was seen in between the two arms for patients who were
MRD negative.

The absence of OS benefit is notable, especially given the
use of ASCT in only 28% of patients in the delayed trans-
plant arm to date.*® This is in contrast to the IFM/DFCI
2009 study in which salvage ASCT was used in almost
80% of patients.** Moreover, while the overall rate of sec-
ond primary malignancies was similar in both arms, ten
cases of acute myeloid leukemia or myelodysplastic syn-
dromes were seen in the transplant arm compared to no
cases in the RVd-alone arm by the time of data cutoff
(October 2021; P=0.002).*” Considering that four of the ten
patients who developed acute myeloid leukemia or mye-
lodysplastic syndromes had died by the time of data cut-
off, careful monitoring is warranted. Finally, during ASCT,
a significant and clinically meaningful decrease in quality
of life occurred, which proved transient after several

A .
100 Events/N Median PFS, months
Rd 185/225 28.98 (23.85-37.09)
80 —
RVd 167/235 40.77 (33.05-51.09)
o =
°\. 60 P value = 0.003
(/2]
LL
O 40—
20 -
0 1 1 T 1 1 1

0 12 24 36 48 60 72 84 96

108

120
Months from registration
Rd 225 (0) 167 (1) 126 (2) 98(2) 78(3) 59(3) 40(8) 23 (21) 6(35) 1 (39)
RVd 235 (0) 185 (1) 149 (1) 127 (1) 104 (4) 84 (6) 68 (12) 28 (43) 9 (59) O (68)
B
100
80 -
2 60 -
7o) Figure 1. Progression-free survival and overall
O 404 Deaths/N Median OS, months survival for RVd vs Rd in the SWOG S0777 trial
Rd 125/225 68.90 (58.41-86.18) (med;an f°u°‘."'t‘p(’B)8g moTlthS) (A) LPFF?greS-
20 — - sion-free survival. verall survival. Figures
A 1022 N (rasl-NRy reprinted from Durie BGM, et al. Blood Cancer
’ P value = 0.0114 J. 2020;10(5):53. Creative Commons Attribution
0 12 o 36 48 50 7 ) 96 108 120 4.0 International License (https:/creativecom-

Months from registration

mons.org/licenses/by/4.0/).*®8 NR: not reached;
OS: overall survival; PFS: progression-free sur-

Rd 225 (0) 209 (1) 189 (3) 166 (3) 144 (4) 123 (5) 97 (15) 53 (51) 25 (76) 5 (95)
RVd 235 (0) 220 (2) 204 (3) 194 (4) 172 (7) 155 (9) 125 (20)60 (76)26 (107) 3 (130)
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Table 3. Phase Ill studies evaluating RVd in patients with newly diagnosed multiple myeloma.?

Study

SWOG S0777%7%
(NCT00644228)

8 x 21-day cycles of RVd vs. 6
x 28-day cycles of Rd — Rd
maintenance®

DSMM XIV4142
(NCT01685814)

3 x 21-day cycles of RVd vs. 3
x 28-day cycles of RAD —
response-adapted SCT and
LEN maintenance

IFM 2009
(NCT01191060)

3 x 21-day cycles of RVd — 5 x
21-day cycles of RVd alone' vs.
ASCT + 2 x 21-day cycles of
RVd' — LEN maintenance

DETERMINATION*
(NCT01208662)

3 x 21-day cycles of RVd —
stem cell collection — 5 x 21-
day cycles of RVd alone vs.
high-dose MEL + ASCT + 2 x
21-day cycles of RVd — LEN
maintenance until PD

Population

N=525
RVd: N=264 (N=215 for
ORR; N=235 for PFS and
0S)
Rd: N=261 (N=207 for
ORR; N=225 for PFS and
0S)

Patients not planned for
immediate ASCT

476 patients
randomized

469 received =1 dose of
study drug

RVd: N=237
RAD: N=232

TE patients

N=700

RVd alone: N=350
RVd + ASCT: N=350

TE patients

N=873

RVd + ASCT: N=365
RVd alone: N=357

Response

ORR
RVd: 90.2%
Rd: 78.8%

=VGPR
RVd: 74.9%
Rd: 53.2%

CR
RVd: 24.2%
Rd: 12.1%

>CR (post-induction)
RVd: 13.0%
RAD: 11.8%
P=0.697

=VGPR (post-induction)
RVd: 46.3%
RAD: 38.9%
P=0.110

ORR (best response)
RVd alone: 97%
RVd + ASCT: 98%
P=0.02¢

=VGPR (best response)
RVd alone: 77%
RVd + ASCT: 88%
P=0.001

CR (best response)
RVd alone: 48%
RVd + ASCT: 59%
P=0.03

ORR (best response)
RVd + ASCT: 97.5%
RVd alone: 95.0%

=VGPR (best response)
RVd + ASCT: 82.7%
RVd alone: 79.6%

CR (best response)
RVd + ASCT: 46.8%
RVd alone: 42.0%
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PFS and OS

Median PFS

RVd: 41 mths

Rd: 29 mths
P=0.003

Median OS
RVvd: NR
Rd: 69 mths
P=0.0114

Median PFS (from first
randomization)
RVd: 53.7 mths
RAD: 41.7 mths

P=0.0439

Median PFS
RVd alone: 36 mths
RVd + ASCT: 50 mths
P<0.001

Median PFS
RVd + ASCT: 67.5 mths
RVd alone: 46.2 mths
P<0.0014

P.G. Richardson et al.

Selected safety
findings

Grade =3 AE°

Blood or bone marrow
RVd: 47.3%
Rd: 46.0%

Infection?
RVd: 14.5%
Rd: 13.7%

Neurological®
RVd: 33.2%
Rd: 11.1%

Paine
RVd: 12.0%
Rd: 4.0%

Grade =3 TEAE

Neutropenia
RVd: 5.5%
RAD: 6.5%

Thrombocytopenia
RVd: 2.1%
RAD: 2.6%

PN/neuralgia
RVd: 2.1%
RAD: 0%

Grade 3/4 AE

Neutropenia
RVd alone: 47.4%
RVd + ASCT: 92.0%

Febrile neutropenia
RVd alone: 3.4%
RVd + ASCT: 14.9%

Thrombocytopenia
RVd alone: 14.3%
RVd + ASCT: 83.1%

Anemia
RVd alone: 8.9%
RVd + ASCT: 19.7%

PN
RVd alone: 12.0%
RVd + ASCT: 12.9%

Grade =3 TEAE

Neutropenia
RVd + ASCT: 86.3%
RVd alone: 42.6%

Thrombocytopenia
RVd + ASCT: 82.7%
RVd alone: 19.9%

Leukopenia
RVd + ASCT: 39.7%
RVd alone: 19.6%

Continued on following page.
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Study

PETHEMA/
GEM2012%
(NCT01916252)

6 x 28-day cycles of RVd —
ASCT (IV busulfan + MEL) vs.
ASCT (MEL) — 2 x 28-day cy-
cles — RVd consolidation

ENDURANCE (E1A11)%
(NCT01863550)

Population

N=458

TE patients

N=1087

RVd: N=542 (N=527 for

Response
ORR (after induction): 83.4%

=VGPR (after induction):
66.6%

ORR (after ASCT): 81.2%
=VGPR (after ASCT): 75.1%

ORR (after consolidation):
80.6%

=VGPR (after consolidation):
75.5%

ORR (after induction)
RVd: 84.3%
KRd: 86.7%

P=0.13

=VGPR (after induction)

PFS and OS

Median PFS: NR

Median PFS
RVd: 34.4 mths
KRd: 34.6 mths

P.G. Richardson et al.

Selected safety
findings

Grade 3/4 AE through
induction

Neutropenia: 12.9%
Thrombocytopenia: 6.3%
Infection: 9.2%

PN: 3.9%"

Grade =3 cardiac,
pulmonary, and renal
RVd: 4.7%
KRd: 16.0%
P<0.0001

ORR, safety)

. o, —
12 x 21-day cycles of RVd vs. 9 KRd: N=545 (N=526 for PASARAgAS p=0.74 e
x 28-day cycles of KRd — LEN ORR, safety) P—d 00'15° 3.vr OS KRd: O.8°/:
maintenance x 2 years vs. LEN e Rvél. 84% S
maintenance until PD Patients not planned for  .CR (after induction) KRd: 86% Grade 3-5 SAE
early RVd: 14.8% RVd: 22.0%
KRd: 18.3% KRd: 44.5%
P=0.26 P<0.0001

3Due to differences in study design and procedures, cross-trial comparisons must be interpreted with caution. °Stem cell col-
lection was allowed for patients considering future transplant. °AE considered to be unlikely related to treatment were stated
to be excluded from reporting in the SWOG S0777 publication. ‘Reported as a hematologic AE. *Reported as a neurological AE.
fDuring consolidation, patients received a reduced daily dose of DEX 10 mg. €P value for “best response during the study” overall.
PPN was a grouped term including PN, neuralgia, polyneuropathy, and sensory loss. AE: adverse events; ASCT: autologous stem
cell transplant; CR: complete response; DEX: dexamethasone; IV: intravenously; KRd: carfilzomib, lenalidomide, and dexameth-
asone; LEN: lenalidomide; MEL: melphalan; NR: not reached; ORR: overall response rate; OS: overall survival; PD: progressive
disease; PFS: progression-free survival; PN: peripheral neuropathy; RAD: lenalidomide, doxorubicin, and dexamethasone; Rd: le-
nalidomide + dexamethasone; RVd: lenalidomide, bortezomib, and dexamethasone; SAE: serious adverse events; SCT: stem cell
transplant; TE: transplant eligible; TEAE: treatment-emergent adverse events; VGPR: very good partial response; VMP; bortezomib,

melphalan, and prednisone; mths: months.

months and then improved over time.*® These findings
corroborate similar results seen in the IFM/DFCI 2009
trial.*®

In the PETHEMA/GEM2012 study, patients with TE NDMM
received six 28-day cycles of RVd induction (Table 2) fol-
lowed by ASCT with IV busulfan + melphalan versus mel-
phalan and RVd consolidation (2 cycles).*®* The Rvd
schedule was devised to increase lenalidomide and
dexamethasone dose intensity in order to maximize re-
sponse. At a median follow-up of 84.4 months, the
median PFS was 80.8 months.®® An induction analysis of
the pooled population showed that the rate of 2VGPR
was 66.6% and increased with more cycles during Rvd
induction, ranging from 55.6% to 70.4% for cycles 3-5 and
post-induction, respectively. The rate of MRD negativity
after induction was 28.8%. Common grade 3/4 AE were
neutropenia, infection, and thrombocytopenia. The rate
of grade 3/4 PN (including neuralgia, polyneuropathy, and
sensory loss) was 3.9%.

The bortezomib, thalidomide, and dexamethasone (VTD)
regimen has been used in NDMM outside of the USA,"
with no randomized controlled trials comparing RVd ver-
sus VTD conducted to date. Thus, findings from the
PETHEMA/GEM2005, PETHEMA/GEM2012, IFM 2009, and
IFM 2013-04 trials were used to conduct an integrated
analysis®? evaluating RVd versus VTD in TE NDMM,#3:49.53.54
In the GEM studies, the rate of 2VGPR after induction was
higher with Rvd than with VTD (70.1% vs. 55.9% at cycle
6); findings from the IFM analyses (four 21-day-cycle
regimens) showed noninferiority between Rvd (57.1%) and
VTD (56.5%). Safety findings were consistent with the in-
dividual toxicity profiles of the constituent agents.

RVd: adverse events and
management
AE reported with RVd are generally consistent with the
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profiles of lenalidomide and bortezomib combined with
dexamethasone, and include thrombocytopenia, neu-
tropenia, infection, and PN."®®* Multiple AE prevention
strategies are relevant for RVd in clinical practice. RVd is
likely to induce emesis in some patients (<30%); there-
fore, antiemetic prophylaxis can be given on bortezomib
treatment days, as needed.®® Optimal use of granulocyte
colony-stimulating factor prophylaxis in this population
is dynamic, and it may be considered for neutropenia
management. Antiviral prophylaxis is considered manda-
tory against varicella zoster, while antibacterial prophy-
laxis is recommended for some patients based on their
individual risk factors. Thromboprophylaxis is mandatory
unless contraindicated. Other strategies as supportive
care may also ameliorate toxicities, including emollients
and supplements for treatment-emergent PN or infusion
of normal saline during bortezomib administration.®”
Stem cell collection following RVd induction is an impor-
tant consideration for patients who can later pursue
ASCT. 28-30:3449 Gtem cell collection should be completed
within four to six cycles of RvVd induction therapy.®®

P.G. Richardson et al.

RVd: dose and schedule

The posology of RVd is critical to optimize effectiveness.
Reduced dose intensity via modifying cycle length and dos-
ing frequency can attenuate the risk or severity of AE. Ap-
propriate dose modifications (i.e., interruptions, reductions,
or discontinuations) are key for AE management after
onset.’” Importantly, the use of SC rather than IV bortezo-
mib can reduce the intensity and frequency of PN without
compromising efficacy.®® If discontinuation of bortezomib is
warranted, Rd may be continued until progressive disease.

RVd has been administered in varying posologies (Table 2),

leading to nomenclature that reflects varying schedules

of dose intensity which we will use throughout this review:

* “RVd Classic”: 21-day cycle, lenalidomide 25 mg (days 1-
14), bortezomib 1.3 mg/m? (days 1, 4, 8, 11), dexametha-
sone 20 mg (days 1, 2, 4, 5, 8, 9, 11, 12)

* “Rvd Lite”: 35-day cycle, lenalidomide 15 mg (days 1-21),
bortezomib 1.3 mg/m? (days 1, 8, 15, 22), dexamethasone
20 mg (<75 years of age: days 1, 2, 8, 9, 15, 16, 22, 23; >75
years of age: days 1, 8, 15, 22)

A 1.0
0.8+
>
il
= 0.6
ﬁ RVd + ASCT
o)
e 0.4+ RVd alone
o
0.2+
00 1 1 1 T 1 ] 1
0 12 24 36 48 60 12 84
Months since randomization
N at Risk
RVd + ASCT 365 276 226 191 160 118 77 42
RVd alone 357 250 187 160 126 96 60 40
B
1. 04—ty
m _Rvd+ASCT
_.é‘ RVd alone Figure 2. Progression-free survival and
o) e overall survival for RVd + autologous stem
g cell transplant versus RVd alone in the
o 0.4+ DETERMINATION trial (median follow-up,
o 76.0 months). (A) Progression-free survi-
0.2 val. (B) Overall survival. Figures from the
' New England Journal of Medicine, Richar-
dson PG, et al., “Triplet therapy, tran-
0.0 T T ; T T T T splantation, and maintenance until
8 12 2 _36 48 . 6(_) 72 84 progression in myeloma”*® Copyright©
Months since randomization (2022) Massachusetts Medical Society.
N at Risk Reprinted with permission. ASCT, autolo-
Rvd + ASCT 365 353 324 300 275 228 165 95 gous stem cell transplant; Rvd, lenalido-
RVd alone 357 332 313 285 258 214 143 88 mide, bortezomib, and dexamethasone.
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* “Rvd Ultralite”: 28- to 35-day cycle, lenalidomide 15 mg
(days 1-21), bortezomib 1.3 mg/m? (days 1, 8, 15), dexa-
methasone 20 mg (days 1, 2, 8, 9, 15, 16)

* “RVd Premium Lite”: 28-day cycle, lenalidomide 25 mg
(days 1-21), bortezomib 1.3-1.6 mg/m? (days 1, 8, 15, 22),
dexamethasone 20 mg (days 1, 2, 8, 9, 15, 16, 22, 23)

* “GEM-RVd”: 28-day cycle, lenalidomide 25 mg (days 1-
21), bortezomib 1.3 mg/m? (days 1, 4, 8, 11), dexametha-
sone 40 mg (days 1-4, 9-12)

The use of these names remains fluid. VRd, which is
sometimes used as an alternate, describes the steroid-at-
tenuated regimen first developed in the EVOLUTION trial.
The distinctions otherwise center on cycle length and bor-
tezomib frequency. Most commonly, RVd was administered
in 21-day cycles, with lenalidomide 25 mg on days 1-14 and
bortezomib 1.3 mg/m? (IV or SC) on days 1, 4, 8, and 11; some
studies used dexamethasone 40 mg once weekly,?** and
others split the dose to 20 mg on days of and after borte-
zomib (“partnered dosing”, totaling 80 mg/week).3233374143 |m-
portantly, although weekly dexamethasone may be more
convenient for some patients, the severity of bortezomib-
induced PN may be mitigated by partnered dosing.®°
PETHEMA/GEM2012 used 28-day cycles,* which provide
higher lenalidomide and dexamethasone dose intensities
and a lower bortezomib dose intensity compared with 21-
day regimens, which may allow for increased efficacy and
completion of planned induction.
RVd Lite was developed specifically to maximize tolerability
in older patients by extending cycle length, reducing the
lenalidomide dose, administering bortezomib SC once
weekly four times, and using an age-based schedule for
dexamethasone.? RvVd Lite has the lowest lenalidomide in-
tensity of all reviewed regimens, but offers long-term le-
nalidomide treatment (9 RVd induction cycles, 6
lenalidomide + bortezomib consolidation cycles, and op-
tional lenalidomide maintenance) and demonstrates striking
activity, less toxicity, and impressive clinical benefit.”>¢’
A recent observational, single-center study evaluated
another modified version of Rvd in TE NDMM, using full-
dose lenalidomide and once-weekly bortezomib with the
goal of minimizing PN risk.®? Patients received induction or
salvage therapy with lenalidomide 25 mg on days 1-21;
bortezomib 1.3 mg/m?2 SC on days 1, 8, and 15; and dexa-
methasone 40 mg on days 1, 8, and 15 (28-day cycles). The
overall response rate (ORR) was 87%, and 63% of patients
achieved 2VGPR. Of note, those who received RVd for in-
duction had an ORR of 89% compared to 75% in those
who received salvage, with no cases of grade >3 PN.

To date, there are no head-to-head comparisons of the

various RVd dosing regimens, and thus the advantages of

any one regimen over another are not definitive. Although
data from single-center studies support weekly bortezo-
mib use,®® selection of this schedule should be individual-
ized based on risks and benefits. Moreover, additional data

P.G. Richardson et al.

reported across numerous studies with different patient
populations allow clinicians considerable flexibility to fac-
tor in patient- and disease-specific factors when selecting
the RvVd dose and schedule, although most patients re-
ceive RVd Classic dosing regimens.5465

RVd and quadruplet regimens

Given its proven efficacy, RVd has been used as a founda-
tion for quadruplet regimens for the treatment of NDMM.
The first study of an RVd-based quadruplet was the pre-
viously discussed EVOLUTION trial, which included a VRd
+ cyclophosphamide (VRAC) arm.?® The efficacy of VRdC
and VRd was similar (ORR, 88% vs. 85%; 1-year PFS rates,
86% and 83%). Hematologic toxicity rates were higher with
VRdC than with VRd, especially grade 3/4 neutropenia
(44% vs. 10%) and leukopenia (13% vs. 0%), with treat-
ment-related mortality in the VRAC arm. Additionally, a
phase |/Il study investigated RVd + pegylated liposomal
doxorubicin in eight 21-day cycles.®® Patients achieving 2PR
after four cycles could proceed to ASCT, and those achiev-
ing stable disease or better after eight cycles and not pro-
ceeding to ASCT could receive RVd maintenance. The
phase Il dose used RVd Classic, with dexamethasone 10
mg in cycles 5-8 and pegylated liposomal doxorubicin 30
mg/m? on day 4: the ORR after four and eight cycles was
96% and 95%, with 2VGPR in 57% and 65%, respectively.
The median PFS was NR, but 18-month PFS was 81.6%,
with grade 3/4 neutropenia and thrombocytopenia re-
ported in 19% and 11% of patients, respectively. Results of
these trials suggest that conventional chemotherapy may
not be the ideal addition to RVd.

Conversely, in the previously described phase Il GRIFFIN
study, patients with TE NDMM received either RvVd or RVd-
DARA.** The rates of grade 3/4 neutropenia and thrombo-
cytopenia were higher with RVd-DARA than with RVd;
however, rates of grade 3/4 lymphopenia and PN were simi-
lar. A final analysis of the safety run-in cohort of the GRIF-
FIN study found that 15 (93.8%) of the 16 patients receiving
RVd-DARA achieved a stringent CR as best response at last
follow-up.®” Additionally, the phase Il COLUMBA RRMM trial
has demonstrated non-inferiority of SC versus IV daratu-
mumab, with an improved safety profile.’® The phase Il
PLEIADES study examined the addition of SC daratumumab
to standard-of-care regimens and found that SC daratu-
mumab had comparable efficacy to IV daratumumab
(>VGPR of 71.6% for RVd-DARA, ORR of 88.1% for VMP-DARA,
ORR of 90.8% for Rd-DARA), with a median infusion dur-
ation of only 5 minutes and a low rate (£9%) of infusion-re-
lated reactions.®® The ongoing phase |l NDMM studies
MMY3019 (NCT03652064) and PERSEUS (NCT03710603) are
evaluating RVd-DARA versus RVd using SC daratumumab in
patients not planned to undergo ASCT and in TE patients,
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respectively. Of note, the PERSEUS study used a regimen
of oral lenalidomide 25 mg on days 1-21 and oral dexameth-
asone 40 mg on days 1-4 and days 9-12 of each 28-day in-
duction cycle. Additionally, the ongoing phase || MMY2040
study is evaluating multiple daratumumab-containing
regimens (including RVd-DARA) using the SC formulation
(NCT03412565).

In the phase | portion of SWOG S1211, elotuzumab + RVd
demonstrated limited additive toxicity to RvVd alone.”
However, in the randomized phase Il portion in high-risk
NDMM, elotuzumab + RVd did not significantly improve
patients’ outcomes compared to RVd alone (ORR=83% vs.
88%; median PFS, 31 vs. 34 months).” This finding was
supported in a follow-up analysis of RvVd + elotuzumab
versus RVd in SWOG-1211, with no improvement in
median PFS (29 vs. 34 months) or OS (NR vs. 68 months)
observed with a median follow-up of 6 years.”” Another
phase Il trial of patients with TE NDMM demonstrated an
ORR (after 4 cycles) of 82.5%, with 55.0% of patients
achieving 2VGPR.”? However, 50% of patients experienced
infections, including one grade 5 sepsis. In the phase Il
GMMG HDG6 trial, four induction cycles of elotuzumab +
RVd produced similar response outcomes as RVd alone
(ORR, 82.4% vs. 85.6%; 2VGPR, 58.3% vs. 54.0%).” Isatuxi-
mab + RVd was well tolerated in a phase | study and ex-
tremely active,”” with phase | (NCT02513186), phase II/IlI
(UK-MRA Myeloma XV RADAR [2019-001258-25]), and
phase Il (GMMG-HD7 [NCT03617731] and IMROZ
[NCT03319667]) NDMM clinical trials ongoing.”® Notably,
the combination of panobinostat + RVd demonstrated
activity and tolerability in a phase Ib study of patients
with RRMM and favorable efficacy in a phase Ib study
of TE NDMM patients.”” In the TE NDMM study, patients
who received panobinostat + RVd at the maximum tol-
erated dose (RVd Classic with SC bortezomib and pan-
obinostat 10 mg on days 1, 3, 5, 8, 10, and 12) had an ORR
of 96% after <4 cycles, including a 2VGPR rate of 87%.”"
The toxicity of panobinostat + RVd manifested as pri-
marily low-grade gastrointestinal effects, which were
usually manageable with supportive care. Finally, in a
phase | trial of vorinostat + RVd in NDMM, vorinostat
proved most tolerable at 200 mg given on days 1-14 of
each 21-day cycle with the RVd Classic regimen.”® An ob-
jective response was observed in 96% of patients, with
48% of patients achieving complete remission.”® Gastro-
intestinal symptoms (87%), fatigue and PN (60%), and
thrombocytopenia (33%) were the most common AE.™
In summary, RVd-based quadruplet regimens with mono-
clonal antibodies have exhibited promising activity and
tolerability, although data from patients with high-risk
MM remain limited, and demonstrate the clinical poten-
tial of RvVd as a foundation for four-drug regimens. Im-
portantly, toxicity profiles were not additive and proved
manageable.

P.G. Richardson et al.

Perspective

Although multiple triplet regimens have been explored in
the NDMM setting (Table 4), RVd is a particularly attractive
option. RVd has been extensively evaluated in phase Il and
Il trials, demonstrating impressive clinical activity, deep
and durable responses in both TE and TNE NDMM popu-
lations, and a manageable safety profile. Moreover, the
variety of dosage schedules investigated, including both
high- and low-dose intensity modifications to the com-
mon 21-day cycles, facilitate unique customization for
clinicians who may want to emphasize deep responses or
tailored tolerability and treatment duration. Additionally,
the improvement in median PFS observed with Rvd +
ASCT in frontline treatment, particularly in high-risk pa-
tients, demonstrates how RVd can be used as a platform
to build patient-tailored treatments and reaffirms early-
line ASCT as a standard of care in selected patients.* This
benefit of RVd as a backbone regimen in high-risk patients
was further supported by the results of the UK Opti-
mum/MUKnine trial, which reported a 94% ORR at the end
of induction and an 83% ORR at day 100 after ASCT in
ultra-high-risk patients with NDMM.™

Thus, RVd has become a standard of care in NDMM. Global
treatment guidelines (including those in the USA and EU)
recommend RVd regardless of transplant eligibility."> A
post-hoc subgroup analysis of SWOG S0777 suggesting a
smaller magnitude of benefit with RvVd in older patients
(265 years) is a consideration; however, further study in
this population is needed. Recent approvals will likely in-
crease the use of RVd in clinical practice, particularly in
the EU. The availability of generic bortezomib and lenali-
domide will also likely reduce the cost associated with in-
duction therapy and contribute to increased use in
real-world practice. Moreover, the excellent activity of Rvd
has been confirmed outside of the clinical trial setting.®®
The RVD 1000 study, a database cohort study of 1,000 pa-
tients with NDMM who received RVd induction * ASCT and
risk-adapted maintenance, reported an ORR of 97.1% after
induction (2VGPR, 67.6%; >CR, 35.9%), a median PFS of
65.0 months, and a median OS of 126.6 months, demon-
strating the substantial long-term benefit of Rvd. The
large size of the study enables subanalyses, including for
standard- versus high-risk cytogenetics (median PFS, 76.5
vs. 40.3 months; median OS, NR vs. 78.2 months, respect-
ively).

In the context of the TE NDMM population, the recent re-
sults of DETERMINATION, with its relative maturity of fol-
low-up, provide insights into the benefit of Rvd in different
populations and validate the tailoring of treatment in each
individual patient, based upon the outcomes reported.*s-#
The comparisons between DETERMINATION and IFM/DFCI
2009 further validate the importance of lenalidomide
maintenance until progression after RVd-based induction
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as well as the benefit and competing risks of the use of steps in improving outcomes are well underway and in-
high-dose melphalan with its impact on 0S.**** The next clude the integration of monoclonal antibodies and other

Table 4. Phase Ill induction data from select non-RVd-based triplet regimens for newly diagnosed multiple myeloma.

Selected safety

Regimen Study Population Response PFS and OS i
Grade 3/4 AE
N=344 Neutropenia: 40.0%
88,89 - a-
VISTA®® (NCTOOT11319) - \\_557 osnonse: ORR: 74.5% Median TTP: 24.0 mths | rombocytopenia:
9 x 42-day cycles of VMP ) o 37.1%
VMP (IV BORT) N=340, safety) =VGPR: 41.2% Leukopenia: 22.6%
=CR: 32.9% 3-yr OS rate: 68.5% L P
. ymphopenia: 19.7%
TNE patients Anemia: 18.2%
PN: 12.9%
Grade 3/4 AE
= - o 90,91 —
S IO N=257 ORR: 81.0% Median PFS: 24.8 mths ~ Neutropenia: 28.1%
(NCT01063179) (N=253, response/safety) ) o L
VMP 9 x 42-dav cvcles of VMP =VGPR: 49.8% Thrombocytopenia:
y oy . >CR: 24.1% Median OS: 60.6 mths 19.8%
(IV BORT) TNE patients PN: 5.1%
UPFRONT® GFEE‘?'?I ;%;\E
. . o
(NCT00507416) N=167 . Induction response: . . Neutropenia: 19.0%
8 x 21-day cycles of VMP (N=145 response; . Median PFS: 17.3 mths e
ORR: 67.6% Infection: 17.8%
VMP (IV BORT) — 5 x 35-day N=163 safety) ~VGPR: 36.6% Thrombocytopenia:
cycles of BORT - ~CR: 2 8°./ Median OS: 53.1 mths 14 79, '
maintenance TNE patients v e e
Grade =2 PN: 35.0%
Grade 3/4 AE
Neutropenia: 38.7%
93,94
(Q(L:gggggug) N=356 ORR: 73.9% Median PFS: 19.3 mths ~ Thrombocytopenia:
VMP 9 x 42-dav cvcles of VMP =VGPR: 49.7% 37.6%
(sé BVORT) TNE patients >CR: 25.3% 36-mth OS rate: 67.9% Anemia: 19.8%
Infections: 14.7%
PN: 4.0%
Grade =3 AE
N=477 Neutropenia: 29.4%
CLARION® (NCT01818752) (N—47(_) safety) ORR: 78.8% Thrombocytopenia:
VMP 9 x 42-day cycles of VMP T y =VGPR: 49.3% Median PFS: 22.1 mths 21.1%
or . =CR: 23.1% nemia: 13.6%
IV or SC BORT TNE patients CR: 23.1% A ia: 13.6%
P Leukopenia: 12.8%
PN: 7.9%
GIMEMA MMY-3006°"%
(NCT01134484) : )
3 x 21-day cycles of VTD N=236 Inductlon. response: 10-yr PFS rate: 34% Gr.ade. 3/4 AE
VTD (IV BORT) — tandem ORR: 93.2% during induction
S . . =VGPR: 61.9% Skin rash: 10.2%
ASCT — consolidation with TE patients ~CR: 18.6% 10-yr OS rate: 60% PN: 9. 7%
2 x 35-day cycles of = e P
VTD — DEX maintenance
IFM 2007-02%
(NCT00910897) . )
Induction response: Grade 3/4 AE
4 x 21-day cycles of VID N=100 ORR: 8% during induction
VTD (reduced dose THAL/IV o Median PFS: 26 mths 2
. =VGPR: 49% Infections: 10.0%
BORT) — ASCT TE patients ~CR: 13% PN: 3.0%
(post-ASCT treatment at e e
physician discretion)
Grade 3/4 AE
GEM2005* (NCT00461747) Induction response: during induction
6 x 28-day cycles of VTD (IV N=130 ORR: ~85% " Median PFS: 56.2 mths Infection 20 8%
.~ o . o
V1D ORI, = 28807 . ~VGPR: ~60% _ PN: 13.1%
maintenance TE patients ~CR: 35% 4-yr OS rate: 74% DVT/PE: 11 5%

(IFN-02b vs. VT)
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Regimen Study
IFM 2013-04%
(NCT01564537)
4 x 21-day cycles of VTD
VTD (SC BORT) — ASCT (con-

ditioning regimen, single vs.
tandem ASCT, consolida-
tion, maintenance at discre-
tion of each center)

CASSIOPEIA®8
(NCT02541383)

4 x 28-day cycles of VTD
(SC BORT) — ASCT — 2 x
28-day cycles of VID —
maintenance
(DARA vs. observation)

VTD

UPFRONT®?
(NCT00507416)
8 x 21-day cycles of VTD
(IV BORT) — 5 x 35-day cy-
cles of BORT maintenance

VTD

GMMG-MM5°%°
3 x 21-day cycles of CyBorD
— ASCT (single or tandem)
— 2 cycles LEN consolida-
tion — LEN maintenance?

CyBorD

IFM2013-0453
(NCT01564537)

4 x 21-day cycles of CyBorD
(SC BORT) — ASCT (condi-
tioning regimen, single vs.
tandem ASCT, consolida-
tion, maintenance at discre-
tion of each center)

DSMM X|V41:42
(NCT01685814)
3 x 28-day cycles of RAD —
response adapted SCT and
LEN maintenance

CyBorD

RAD

MAIA26:100 (NCT02252172)
28-day cycles of DRd until

DRd PD or unacceptable toxicity

ENDURANCE* (E1A11)
(NCT01863550)

9 x 28-day cycles of KRd —
LEN maintenance x 2 years
vS. LEN maintenance
until PD

KRd

Population

N=169 (ITT)

TE patients

N=542 (N=538, safety)

TE patients

N=167
(N=133 response;
N=158 safety)

TNE patients

N=251 (ITT);
(N=250, safety)

TE patients

N=169 (ITT)

TE patients

N=232

TE patients

N=368,
(N=364 for safety)

TNE patients

N=545 (N=526 for ORR,
safety)

Patients not planned for
early ASCT

Response

Induction response:
ORR: 92.3%
>VGPR: 66.3%
>CR: 13.0%

Induction response:
ORR: 89.9%
=VGPR: 56.1%
>CR: 8.9%

Induction response:
ORR: 78.9%
=VGPR: 48.9%
>CR: 0.8%

Induction response:
ORR: 78.1%
=VGPR: 37.1%

Induction response:
ORR: 83.4%
=VGPR: 56.2%
>CR: 8.9%

Induction response:
>CR: 13.5%
=VGPR: 40.6%

ORR: 92.9%
=VGPR: 80.7%
=>CR:51.1%

Induction response:
ORR: 86.7%
=VGPR: 73.8%
>CR: 18.3%

P.G. Richardson et al.

Selected safety

PFS and OS i

Grade 3/4 AE
during induction
Not evaluated Neutropenia: 18.9%

Grade 2-4 PN: 21.9%

Grade 3/4 AE
Stomatitis: 16.4%
Neutropenia: 14.7%
PN: 8.6%

18-mth PFS rate: 85%

Grade =3 AE
PN: 27.2%
Infection: 15.8%
Fatigue: 12.0%

Median PFS: 15.4 mths

Median OS: 51.5 mths
Grade =2 PN: 47.5%

Grade =3 AE
during induction
Leukocytopenia/neutro-
penia: 35.2%
Not reported
Grade =2 AE
Infections and infesta-
tions: 22.4%
Neuropathy: 8.4%

Grade 3/4 AE
during induction
Neutropenia: 33.1%
Thrombocytopenia:
10.6%
Infection: 10.1%
Grade 2-4 PN: 12.9%

Not evaluated

Grade =3 AE
Neutropenia: 6.5%
PN/neuralgia: 0%

Median PFS
(from first randomization)
RAD: 41.7 mths

Grade 3/4 AE
Neutropenia: 53.3%
Pneumonia: 18.4%

Anemia: 16.2%
Lymphopenia: 16.2%
Infections: 40%

Grade 3/4 AE
Dyspnea: 7.2%
Hyperglycemia: 6.5%
PN: 0.8%

48-mth PFS rate: 60%

Median PFS: 34.6 mths

_ . o
3-year OSrate: 86% | = 40 o3 cardiac, pul-

monary, and renal AE:
16.0%

Data are provided for informational purposes only. No cross-trial comparisons should be made. Differences in patient population,
study design (length of induction; use of transplant, consolidation, and/or maintenance), assessment criteria, and/or study con-
duct may have an impact on the results of each trial. 2Bortezomib was changed from intravenous to subcutaneous during the
trial. AE: adverse effects; ASCT:autologous stem cell transplant; BORT: bortezomib; CR: complete response; CyBorD: cyclophos-
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phamide, bortezomib, and dexamethasone; DARA: daratumumab; DEX: dexamethasone; DRd: daratumumab, lenalidomide, and
dexamethasone; DVT: deep vein thrombosis; IFN: interferon; ITT: intent-to-treat; IV: intravenously; KRd: carfilzomib, lenalidomide,
and dexamethasone; LEN: lenalidomide; ORR: overall response rate; OS: overall survival: PD: disease progression; PE: pulmonary
embolism; PFS: progression-free survival; PN: peripheral neuropathy; RAD: lenalidomide, adriamycin, and dexamethasone; RVd:
lenalidomide, bortezomib, and dexamethasone; SC: subcutaneously; TE: transplant eligible; THAL: thalidomide; TNE: transplant
ineligible; TTP: time to progression; VCD: bortezomib, cyclophosphamide, and dexamethasone; VGPR: very good partial response;
VMP: bortezomib, melphalan, and prednisone; VT: bortezomib and thalidomide; VTD: bortezomib, thalidomide, and dexametha-

sone; mth/mths: month/months; yr: year.

novel strategies to enhance the effectiveness of treatment
paradigms in NDMM.464

In consideration of RVd, the potent activity of the second-
generation proteasome inhibitor carfilzomib is fully ac-
knowledged. Unlike Rvd, carfilzomib + Rd (KRd) is
approved only in the RRMM setting. In the USA, KRd is in-
dicated for the treatment of patients with RRMM after one
to three prior lines of therapy, and in the EU, KRd is ap-
proved for use in patients with RRMM after one or more
prior lines of therapy. Regulatory approval of KRd for RRMM
was based on findings from the phase Ill ASPIRE trial,®°
which led to the clinical investigation of KRd in TE NDMM
patients in the randomized phase Il FORTE trial.®" Patients
were randomized to either 12 cycles of KRd (KRd12); KRd
followed by ASCT and KRd consolidation (KRd + ASCT); or
carfilzomib, cyclophosphamide, and dexamethasone (KCd)
followed by ASCT and KCd consolidation (KCd + ASCT).
Both KRd regimens resulted in deep responses, with pre-
maintenance >CR rates of 52% (KRd12) and 49% (KRd +
ASCT), and MRD-negativity rates of 54% and 58%, re-
spectively. KRd has also been evaluated as a basis for
quadruplet regimens; KRd + daratumumab in the phase
lb MMY1001 trial in NDMM showed a tolerability profile
consistent with KRd and very promising response rates.®?
Although the depth of response conferred by KRd is pro-
found, interim results of the phase Ill ENDURANCE (E1A11)
NDMM study evaluating RVd versus KRd in patients with
standard-risk MM demonstrated similar efficacy of the two
regimens.*°

Clinicians must also consider toxicity when evaluating
proteasome inhibitors. In addition to thrombocytopenia,™
the most commonly reported AE are PN for bortezomib
and cardiovascular, renal, thromboembolic, and pulmon-
ary toxicities for carfilzomib. Bortezomib-associated PN
can be debilitating and lead to the interruption or cessa-
tion of treatment, but the use of SC bortezomib as well
as supportive measures and modified RVd regimens have
alleviated much of this risk.*® Carfilzomib is associated
with a much lower rate of PN than bortezomib, but
confers an increased risk of potentially life-threatening
cardiovascular toxicity.®® A systemic review and meta-
analysis of carfilzomib-associated cardiovascular toxicity
demonstrated an estimated cumulative incidence of 5% for
grade 23 toxicity.®* Furthermore, concomitant use of carfil-
zomib and an immunomodulatory agent was found to sig-
nificantly increase the risk of cardiovascular toxicity
compared to that of carfilzomib without an immunomodu-

latory agent (6.45% vs. 4.34%; P=0.033). Notably, the inci-
dence of cardiotoxicity was similar with high and standard
doses of carfilzomib, although another systemic review and
meta-analysis concluded that cardiovascular AE rates were
higher with carfilzomib doses 245 mg/m?2.88* |n contrast,
the bortezomib-associated risk of PN is known to be dose-
dependent, and can be ameliorated by dose reductions
and schedule changes.?%€° |nterim findings from the
phase Ill ENDURANCE study provide crucial comparative
safety data between the regimens: rates of grade 23 car-
diac, pulmonary, and renal TEAE were lower with RVd than
with KRd (P<0.0001), while rates of grade 3/4 PN were
higher with Rvd than with KRd.*® Rates of overall grade 23
serious AE were lower with Rvd (P=0.038).

Similar considerations when selecting front-line regimens
for TE or TNE NDMM patients are overall toxicity and im-
pact on quality of life relative to survival benefit. In DE-
TERMINATION, a robust PFS benefit was noted with Rvd +
ASCT versus RVd, but patients treated with Rvd + ASCT
had greater rates of grade 23 treatment-related AE and
transient but meaningful decreases in quality of life.*® In
the absence of an OS benefit and the availability of
multiple efficacious combination therapies for NDMM, pa-
tients and healthcare providers will need to consider the
benefits of adding ASCT to regimens for TE NDMM patients
relative to the risk of toxicity and impact on quality of life.
This consideration provides a unique opportunity to tailor
treatment regimens to a given patient’s characteristics,
lifestyle, cytogenetic risk profile, and treatment goals
while still inducing deep and durable responses.*®
Personalized decision-making for patients regarding treat-
ments is essential in the NDMM setting. Given the positive
prognostic value of MRD status for patients’ outcomes,
MRD status is increasing in clinical relevance. In a prelim-
inary analysis of MRD status in DETERMINATION, a greater
proportion of patients were MRD-negative with Rvd +
ASCT than with RVd alone, and patients with MRD-
negative status had longer median PFS compared with pa-
tients with MRD-positive status.** However, PFS was
similar in patients receiving RVd or Rvd + ASCT in whom no
MRD was detected, suggesting that treatment adaptation
based upon MRD status may be a potential alternative to
the current paradigm of ASCT use, although further trials
will be required to fully understand the interaction of MRD
status with optimal duration of therapy.*®

A final point of discussion is subsequent therapy following
induction and relapse as a strategic consideration. Pa-
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tients may benefit from purposeful preservation of highly
effective agents until after initial progressive disease,
since management of early relapse is another crucial
juncture in a patient’s treatment journey.” Frontline use of
RVd (or an RVd-containing quadruplet regimen), bolstered
by the well-established clinical profile and improved man-
ageability of RVd, represents an attractive initial interven-
tion. This facilitates longer-term treatment with Rvd until
progressive disease in the TNE NDMM population or com-
pletion of intended induction in TE NDMM patients. Using
RVd in this setting also secures the option of using carfil-
zomib- and pomalidomide-containing regimens at early
relapse. Either approach has been associated with im-
pressively deep responses and broad efficacy in RRMM,
which can be complemented by a monoclonal antibody,
further improving long-term outcomes.**%%8 The devel-
opment of novel alkylating agents, such as melflufen, and
novel cellular therapeutics, such as chimeric antigen re-
ceptor T cells, cereblon E3 ligase modulatory drugs, and
bispecific T-cell engagers, may further help to tailor treat-
ments and diversify options available for patients who are
refractory to certain agents or drug classes.®”

Given the robust body of data in clinical trials across
multiple settings, increasing physician familiarity with Rvd,
and the evolving maturity of promising data regarding
RVd-containing quadruplet regimens, RVd is established
as a foundation of NDMM combination therapy with con-
sistent clinical benefit now and into the future.

Disclosures

PGR reports serving on advisory committees for Karyopharm,
Oncopeptides, Celgene, a Bristol-Myers Squibb Company,
Takeda, Janssen, GSK, Regeneron, and AstraZeneca, and has
received research funding from Oncopeptides, Celgene, a
Bristol-Myers Squibb Company, Takeda, and Karyopharm.
AD reports serving on advisory committees for Janssen and
Alnylam Pfizer, Takeda, and Bristol Myers Squibb, and has
received research funding from Bristol Myers Squibb. LR re-
ports honoraria from Janssen, Celgene, a Bristol-Myers
Squibb Company, Amgen, Takeda, Sanofi, GSK, and Karyo-
pharm. EO reports serving on advisory boards for Bristol
Myers Squibb, Takeda, Karyopharm, Adaptive, Oncopeptides,
and Janssen. TF reports serving on advisory committees for
Janssen, Bristol Myers Squibb, Takeda, Amgen, Roche, On-
copeptides, Karyopharm, and AbbVie. MVM has received
honoraria and speakers bureau compensation from Janssen,
Celgene, a Bristol-Myers Squibb Company, Takeda, Amgen,
GSK, AbbVie, Pfizer, Regeneron, Adaptive, Sanofi, Oncopep-

References

P.G. Richardson et al.

tides, Seagen, Roche, and bluebird bio. PM has received
honoraria from Amgen, Celgene, a Bristol-Myers Squibb
Company, Janssen, AbbVie, Sanofi, Oncopeptides, and GSK.
NR reports consultancy for Amgen, Bristol Myers Squibb,
Janssen, and Takeda. NM reports consultancy for Adaptive
Biotech, Amgen, Bristol Myers Squibb, Janssen, Karyopharm
Therapeutics, Legend, OncoPep, and Takeda; and reports
stock ownership with OncoPep. PV reports serving on advis-
ory boards for Adaptive Biotechnologies, Bristol Myers
Squibb, Janssen, and Teneobio; has served in a consultancy
role for Novartis and Oncopeptides; and has received hon-
oraria from GSK and Oncopeptides. JB has received honor-
aria from Celgene, a Bristol-Myers Squibb Company,
Janssen, and Amgen. SL reports consultancy for AbbVie,
Bristol Myers Squibb, Celgene, a Bristol-Myers Squibb Com-
pany, GSK, Janssen, Karyopharm, Novartis, and Takeda. AP
has received research funding from Takeda and honoraria
from AbbVie, Amgen, Bristol Myers Squibb, Celgene, a Bris-
tol-Myers Squibb Company, Janssen, Sanofi, and Takeda.
KCA reports serving on advisory boards for Celgene, a Bris-
tol-Myers Squibb Company, Millennium, Janssen, Sanofi,
Bristol Myers Squibb, Gilead Sciences, Precision Biosciences,
and Tolero, as well as being the Scientific Founder of Onco-
Pep and C4 Therapeutics. BGD, SK, JPL, and PO have no
conflicts of interest to disclose.

Contributions

The authors met the criteria for authorship as recom-
mended by the International Committee of Medical Jour-
nal Editors (ICMJE). The authors were fully responsible for
all content and editorial decisions, were involved at all
stages of manuscript development, and approved the
final version that reflects the authors’ interpretations and
conclusions.

Acknowledgments

The authors thank Shawn Vahabzadeh, PharmD, Peter J.
Simon, PhD, and Martin Haschak, PhD, from The Nucleus
Group Holdings, Inc. The authors also gratefully acknowl!-
edge the editorial support of Jack Sparacino, Ashley Ford,
and Catherine O’Connor, funded in part by the RJ Corman
Multiple Myeloma Research Fund.

Funding

Funding for medical writing assistance in the preparation
of this manuscript was provided by a grant from Celgene,
a Bristol Myers Squibb Company, with editorial support also
funded by the RJ Corman Multiple Myeloma Research Fund.

1. Gay F, Engelhardt M, Terpos E, et al. From transplant to novel
cellular therapies in multiple myeloma: European Myeloma
Network guidelines and future perspectives. Haematologica.

2018;103(2):197-211.
2.Sonneveld P, Avet-Loiseau H, Lonial S, et al. Treatment of
multiple myeloma with high-risk cytogenetics: a consensus of

Haematologica | 108 November 2023
2908



REVIEW ARTICLE - Lenalidomide/bortezomib/DXM in newly diagnosed MM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

the International Myeloma Working Group. Blood.
2016;127(24):2955-2962.

.Revlimid (lenalidomide) [summary of product characteristics].

Utrecht, the Netherlands: Celgene Europe B.V. 2019.

.Kazandjian D, Mo CC, Landgren O, Richardson PG. The role of

high-dose melphalan with autologous stem-cell transplant in
multiple myeloma: is it time for a paradigm shift?
Br J Haematol. 2020;191(5):692-703.

.Kumar SK, Dispenzieri A, Lacy MQ, et al. Continued

improvement in survival in multiple myeloma: changes in early
mortality and outcomes in older patients. Leukemia.
2014;28(5):1122-1128.

.Sonneveld P. Management of multiple myeloma in the

relapsed/refractory patient. Hematology Am Soc Hematol Educ
Program. 2017;2017(1):508-517.

.Yong K, Delforge M, Driessen C, et al. Multiple myeloma:

patient outcomes in real-world practice. Br J Haematol.
2016;175(2):252-264.

.Landgren O, Iskander K. Modern multiple myeloma therapy:

deep, sustained treatment response and good clinical
outcomes. J Intern Med. 2017;281(4):365-382.

.Harousseau JL, Avet-Loiseau H, Attal M, et al. Achievement of at

least very good partial response is a simple and robust
prognostic factor in patients with multiple myeloma treated
with high-dose therapy: long-term analysis of the IFM 99-02
and 99-04 trials. J Clin Oncol. 2009;27(34):5720-5726.

Munshi NC, Avet-Loiseau H, Rawstron AC, et al. Association of
minimal residual disease with superior survival outcomes in
patients with multiple myeloma: a meta-analysis. JAMA Oncol.
2017;3(1):28-35.

Luptakova K, Rosenblatt J, Glotzbecker B, et al. Lenalidomide
enhances anti-myeloma cellular immunity. Cancer Immunol
Immunother. 2013;62(1):39-49.

Quach H, Ritchie D, Stewart AK, et al. Mechanism of action of
immunomodulatory drugs (IMiDS) in multiple myeloma.
Leukemia. 2010;24(1):22-32.

Dimopoulos M, Spencer A, Attal M, et al. Lenalidomide plus
dexamethasone for relapsed or refractory multiple myeloma. N
Engl J Med. 2007;357(21):2123-2132.

Rajkumar SV, Jacobus S, Callander NS, et al. Lenalidomide plus
high-dose dexamethasone versus lenalidomide plus low-dose
dexamethasone as initial therapy for newly diagnosed multiple
myeloma: an open-label randomised controlled trial. Lancet
Oncol. 2010;11(1):29-37.

Benboubker L, Dimopoulos MA, Dispenzieri A, et al.
Lenalidomide and dexamethasone in transplant-ineligible
patients with myeloma. N Engl J Med. 2014;371(10):906-917.
Hideshima T, Richardson P, Chauhan D, et al. The proteasome
inhibitor PS-341 inhibits growth, induces apoptosis, and
overcomes drug resistance in human multiple myeloma cells.
Cancer Res. 2001;61(7):3071-3076.

Reddy N, Czuczman MS. Enhancing activity and overcoming
chemoresistance in hematologic malignancies with bortezomib:
preclinical mechanistic studies. Ann Oncol. 2010;21(9):1756-1764.
Hideshima T, Richardson PG, Anderson KC. Mechanism of action
of proteasome inhibitors and deacetylase inhibitors and the
biological basis of synergy in multiple myeloma. Mol Cancer
Ther. 2011;10(11):2034-2042.

Kouroukis TC, Baldassarre FG, Haynes AE, Imrie K, Reece DE,
Cheung MC. Bortezomib in multiple myeloma: systematic review
and clinical considerations. Curr Oncol. 2014;21(4):e573-603.
Richardson PG, Weller E, Jagannath S, et al. Multicenter, phase
I, dose-escalation trial of lenalidomide plus bortezomib for
relapsed and relapsed/refractory multiple myeloma. J Clin

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

P.G. Richardson et al.

Oncol. 2009;27(34):5713-5719.

Richardson PG, Xie W, Jagannath S, et al. A phase 2 trial of
lenalidomide, bortezomib, and dexamethasone in patients with
relapsed and relapsed/refractory myeloma. Blood.
2014;123(10):1461-1469.

Delforge M, Terpos E, Richardson PG, et al. Fewer bone disease
events, improvement in bone remodeling, and evidence of bone
healing with bortezomib plus melphalan-prednisone vs.
melphalan-prednisone in the phase Il VISTA trial in multiple
myeloma. Eur J Haematol. 2011;86(5):372-384.

Breitkreutz I, Raab MS, Vallet S, et al. Lenalidomide inhibits
osteoclastogenesis, survival factors and bone-remodeling
markers in multiple myeloma. Leukemia. 2008;22(10):1925-1932.
Jakubowiak AJ, Dytfeld D, Griffith KA, et al. A phase 1/2 study of
carfilzomib in combination with lenalidomide and low-dose
dexamethasone as a frontline treatment for multiple myeloma.
Blood. 2012;120(9):1801-1809.

Kumar SK, Berdeja JG, Niesvizky R, et al. Safety and tolerability
of ixazomib, an oral proteasome inhibitor, in combination with
lenalidomide and dexamethasone in patients with previously
untreated multiple myeloma: an open-label phase 1/2 study.
Lancet Oncol. 2014;15(13):1503-1512.

Facon T, Kumar S, Plesner T, et al. Daratumumab plus
lenalidomide and dexamethasone for untreated myeloma. N
Engl J Med. 2019;380(22):2104-2115.

Kubo K, Hori M, Ohta K, et al. Elotuzumab plus lenalidomide and
dexamethasone for newly diagnosed multiple myeloma: a
randomized, open-label, phase 2 study in Japan. Int J Hematol.
2020;111(1):65-74.

Richardson PG, Weller E, Lonial S, et al. Lenalidomide,
bortezomib, and dexamethasone combination therapy in
patients with newly diagnosed multiple myeloma. Blood.
2010;116(5):679-686.

Kumar S, Flinn I, Richardson PG, et al. Randomized, multicenter,
phase 2 study (EVOLUTION) of combinations of bortezomib,
dexamethasone, cyclophosphamide, and lenalidomide in
previously untreated multiple myeloma. Blood.
2012;119(19):4375-4382.

Roussel M, Lauwers-Cances V, Robillard N, et al. Front-line
transplantation program with lenalidomide, bortezomib, and
dexamethasone combination as induction and consolidation
followed by lenalidomide maintenance in patients with multiple
myeloma: a phase Il study by the Intergroupe Francophone du
Myelome. J Clin Oncol. 2014;32(25):2712-2717.

O'Donnell EK, Laubach JP, Yee AJ, et al. A phase 2 study of
modified lenalidomide, bortezomib and dexamethasone in
transplant-ineligible multiple myeloma. Br J Haematol.
2018;182(2):222-230.

Luoma S, Anttila P, Saily M, et al. RVD induction and autologous
stem cell transplantation followed by lenalidomide
maintenance in newly diagnosed multiple myeloma: a phase 2
study of the Finnish Myeloma Group. Ann Hematol.
2019;98(12):2781-2792.

O'Gorman P, Laubach JP, O'Dwyer ME, et al. Phase 2 studies of
lenalidomide, subcutaneous bortezomib, and dexamethasone as
induction therapy in patients with newly diagnosed multiple
myeloma. Am J Hematol. 2022;97(5):562-573.

Voorhees PM, Kaufman JL, Laubach J, et al. Daratumumab,
lenalidomide, bortezomib, and dexamethasone for transplant-
eligible newly diagnosed multiple myeloma: the GRIFFIN trial.
Blood. 2020;136(8):936-945.

Voorhees PM, Kaufman JL, Laubach JP, et al. Depth of response
to daratumumab (DARA), lenalidomide, bortezomib, and
dexamethasone (RVd) improves over time in patients (pts) with

Haematologica | 108 November 2023
2909



REVIEW ARTICLE - Lenalidomide/bortezomib/DXM in newly diagnosed MM

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

transplant-eligible newly diagnosed multiple myeloma (NDMM):
GRIFFIN study update Blood. 2020;136(8):936-945.

Bhutani M, Usmani SZ. Quadruplets come of age for newly
diagnosed multiple myeloma. Lancet. 2020;395(10218):94-96.
Durie BGM, Hoering A, Abidi MH, et al. Bortezomib with
lenalidomide and dexamethasone versus lenalidomide and
dexamethasone alone in patients with newly diagnosed
myeloma without intent for immediate autologous stem-cell
transplant (SWOG S0777): a randomised, open-label, phase 3
trial. Lancet. 2017;389(10068):519-527.

Durie BGM, Hoering A, Sexton R, et al. Longer term follow-up of
the randomized phase Ill trial SWOG S0777: bortezomib,
lenalidomide and dexamethasone vs. lenalidomide and
dexamethasone in patients (pts) with previously untreated
multiple myeloma without an intent for immediate autologous
stem cell transplant (ASCT). Blood Cancer J. 2020;10(5):53.
Durie BGM, Lam A, Ngo M, Pei H, Ammann EM. Post-hoc analysis
of efficacy and safety in the SWOG S0777 trial stratified by age.
Blood. 2022;140(Suppl 1):10009-10010.

Kumar SK, Jacobus SJ, Cohen AD, et al. Carfilzomib or bortezomib
in combination with lenalidomide and dexamethasone for
patients with newly diagnosed multiple myeloma without
intention for immediate autologous stem-cell transplantation
(ENDURANCE): a multicentre, open-label, phase 3, randomised,
controlled trial. Lancet Oncol. 2020;21(10):1317-1330.

Knop S, Langer C, Engelhardt MM, et al. Lenalidomide,
doxorubicin hydrochloride and dexamethasone versus
bortezomib, lenalidomide, and dexamethasone prior to
scheduled stem cell transplant in newly diagnosed myeloma. J
Clin Oncol. 2017;35(15_suppl):8001.

Knop S, Langer C, Engelhardt MM, et al. Bortezomib,
lenalidomide, and dexamethasone (VRD) is superior to
lenalidomide, adriamycin, and dexamethasone (RAD) prior to
risk-adapted transplant in newly diagnosed myeloma. J Clin
Oncol. 2020;38(15):8521.

Attal M, Lauwers-Cances V, Hulin C, et al. Lenalidomide,
bortezomib, and dexamethasone with transplantation for
myeloma. N Engl J Med. 2017;376(14):1311-1320.

Perrot A, Lauwers-Cances V, Cazaubiel T, et al. Early versus late
autologous stem cell transplant in newly diagnosed multiple
myeloma: long-term follow-up analysis of the IFM 2009 trial.
Blood. 2020;136(Suppl 1):39.

Richardson PG, Jacobus SJ, Weller EA, et al. Triplet therapy,
transplantation, and maintenance until progression in myeloma.
N Engl J Med. 2022;387(2):132-147.

Richardson PG, Jacobus SJ, Weller E, et al. Lenalidomide,
bortezomib, and dexamethasone (RVd) * autologous stem cell
transplantation (ASCT) and R maintenance to progression for
newly diagnosed multiple myeloma (NDMM): the phase 3
DETERMINATION trial. J Clin Oncol. 2022;40(17_suppl):LBAA4.
Richardson PG JS, Weller EA, Hassoun H, et al. Phase 3
DETERMINATION trial in newly diagnosed multiple myeloma:
lenalidomide, bortezomib, and dexamethasone (RVD) +/-
autologous stem cell transplantation and lenalidomide
maintenance to progression. EHA Library. 2022;2022:LB2366.
Roussel M, Hebraud B, Hulin C, et al. Health-related quality of
life results from the IFM 2009 trial: treatment with
lenalidomide, bortezomib, and dexamethasone in transplant-
eligible patients with newly diagnosed multiple myeloma. Leuk
Lymphoma. 2020;61(6):1323-1333.

Rosinol L, Oriol A, Rios R, et al. Bortezomib, lenalidomide, and
dexamethasone as induction therapy prior to autologous
transplant in multiple myeloma. Blood. 2019;134(16):1337-1345.
Palacios JJL, Ubieto AJ, Rosifol L, et al. OAB-040: BUMEL vs

51.

52.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

P.G. Richardson et al.

MEL-200 prior autologous transplant for patients with newly
diagnosed multiple myeloma previously treated with
bortezomib, lenalidomide and dexamethasone: final results of a
phase 3 trial. Clin Lymphoma Myeloma Leuk. 2022;22:524-S25.
Cavo M, Tacchetti P, Patriarca F, et al. Bortezomib with
thalidomide plus dexamethasone compared with thalidomide
plus dexamethasone as induction therapy before, and
consolidation therapy after, double autologous stem-cell
transplantation in newly diagnosed multiple myeloma: a
randomised phase 3 study. Lancet. 2010;376(9758):2075-2085.
Rosinol L, Hebraud B, Oriol A, et al. Bortezomib-lenalidomide-
dexamethasone vs bortezomib-thalidomide-dexamethasone
induction: integrated analysis of randomized controlled trials in
transplant-eligible newly diagnosed multiple myeloma.
Hemasphere. 2019;3(S1):249-250.

.Moreau P, Hulin C, Macro M, et al. VTD is superior to VCD prior

to intensive therapy in multiple myeloma: results of the
prospective IFM2013-04 trial. Blood. 2016;127(21):2569-2574.
Rosinol L, Oriol A, Teruel Al, et al. Superiority of bortezomib,
thalidomide, and dexamethasone (VTD) as induction
pretransplantation therapy in multiple myeloma: a randomized
phase 3 PETHEMA/GEM study. Blood. 2012;120(8):1589-1596.
Harousseau JL, Attal M, Avet-Loiseau H, et al. Bortezomib plus
dexamethasone is superior to vincristine plus doxorubicin plus
dexamethasone as induction treatment prior to autologous
stem-cell transplantation in newly diagnosed multiple
myeloma: results of the IFM 2005-01 phase Il trial. J Clin Oncol.
2010;28(30):4621-4629.

Punke AP, Waddell JA, Solimando DA Jr. Lenalidomide,
bortezomib, and dexamethasone (RVd) regimen for multiple
myeloma. Hosp Pharm. 2017;52(1):27-32.

Mohan M, Matin A, Davies FE. Update on the optimal use of
bortezomib in the treatment of multiple myeloma. Cancer
Manag Res. 2017;9:51-63.

Parrondo RD, Ailawadhi S, Sher T, Chanan-Khan AA, Roy V.
Autologous stem-cell transplantation for multiple myeloma in
the era of novel therapies. JCO Oncol Pract. 2020;16(2):56-66.
Moreau P, Pylypenko H, Grosicki S, et al. Subcutaneous versus
intravenous administration of bortezomib in patients with
relapsed multiple myeloma: a randomised, phase 3, non-
inferiority study. Lancet Oncol. 2011;12(5):431-440.

Kumar SK, Laubach JP, Giove TJ, et al. Impact of concomitant
dexamethasone dosing schedule on bortezomib-induced
peripheral neuropathy in multiple myeloma. Br J Haematol.
2017;178(5):756-763.

Facon T, Dimopoulos MA, Dispenzieri A, et al. Final analysis of
survival outcomes in the phase 3 FIRST trial of up-front
treatment for multiple myeloma. Blood. 2018;131(3):301-310.
Rodriguez C, Lantz J, Akbar F, Lantz L, Dressler E. Assessing
efficacy and tolerability of a modified lenalidomide/bortezomib/
dexamethasone (VRd-28) regimen using weekly bortezomib in
multiple myeloma. Clin Lymphoma Myeloma Leuk.
2019;19(10):E217-E218.

Cook J, Johnson I, Higgins A, et al. Outcomes with different
administration schedules of bortezomib in bortezomib,
lenalidomide and dexamethasone (VRd) as first-line therapy in
multiple myeloma. Am J Hematol. 2021;96(3):330-337.
Richardson PG, San Miguel JF, Moreau P, et al. Interpreting
clinical trial data in multiple myeloma: translating findings to
the real-world setting. Blood Cancer J. 2018;8(11):109.

Joseph NS, Kaufman JL, Dhodapkar MV, et al. Long-term
follow-up results of lenalidomide, bortezomib, and
dexamethasone induction therapy and risk-adapted
maintenance approach in newly diagnosed multiple myeloma. J

Haematologica | 108 November 2023
2910



REVIEW ARTICLE - Lenalidomide/bortezomib/DXM in newly diagnosed MM

66.

67.

68.

69.

70.

.

72.

73.

74.

75.

76.

7.

78.

79.

Clin Oncol. 2020;38(17):1928-1937.

Jakubowiak AJ, Griffith KA, Reece DE, et al. Lenalidomide,
bortezomib, pegylated liposomal doxorubicin, and
dexamethasone in newly diagnosed multiple myeloma: a phase
1/2 Multiple Myeloma Research Consortium trial. Blood.
2011;118(3):535-543.

Voorhees PM, Rodriguez C, Reeves B, et al. Daratumumab plus
RVd for newly diagnosed multiple myeloma: final analysis of the
safety run-in cohort of GRIFFIN. Blood Adv. 2021;5(4):1092-1096.
Mateos MV, Nahi H, Legiec W, et al. Subcutaneous versus
intravenous daratumumab in patients with relapsed or
refractory multiple myeloma (COLUMBA): a multicentre, open-
label, non-inferiority, randomised, phase 3 trial. Lancet
Haematol. 2020;7(5):e370-e380.

Chari A, Rodriguez-Otero P, McCarthy H, et al. Subcutaneous
daratumumab plus standard treatment regimens in patients
with multiple myeloma across lines of therapy (PLEIADES): an
open-label phase Il study. Br J Haematol. 2021;192(5):869-878.
Usmani SZ, Sexton R, Ailawadhi S, et al. Phase | safety data of
lenalidomide, bortezomib, dexamethasone, and elotuzumab as
induction therapy for newly diagnosed symptomatic multiple
myeloma: SWOG S1211. Blood Cancer J. 2015;5(8):e334.

Usmani SZ, Ailawadhi S, Sexton R, et al. Primary analysis of the
randomized phase Il trial of bortezomib, lenalidomide,
dexamethasone with/without elotuzumab for newly diagnosed,
high-risk multiple myeloma (SWOG-1211). J Clin Oncol.
2020;38(15):8507.

Laubach J, Nooka AK, Cole C, et al. An open-label, single arm,
phase lla study of bortezomib, lenalidomide, dexamethasone,
and elotuzumab in newly diagnosed multiple myeloma. J Clin
Oncol. 2017;35(15):8002.

Goldschmidt H, Mai EK, Salwender H, et al. Bortezomib,
lenalidomide and dexamethasone with or without elotuzumab
as induction therapy for newly-diagnosed, transplant-eligible
multiple myeloma. EHA Library. 2020:5203.

Ocio EM, Rodriguez Otero P, Bringhen S, et al. Preliminary
results from a phase i study of isatuximab (ISA) in combination
with bortezomib, lenalidomide, dexamethasone (VRd), and in
patients with newly diagnosed multiple myeloma (NDMM) non-
eligible for transplant. Blood. 2018;132(Suppl 1):595.

Orlowski RZ, Goldschmidt H, Cavo M, et al. Phase Ill (IMROZ)
study design: isatuximab plus bortezomib (V), lenalidomide (R),
and dexamethasone (d) vs VRd in transplant-ineligible patients
(pts) with newly diagnosed multiple myeloma (NDMM). J Clin
Oncol. 2018;36(15 suppl):TPS8055.

Laubach JP, Tuchman SA, Rosenblatt JM, et al. Phase I, open-
label study of panobinostat, lenalidomide, bortezomib +
dexamethasone in relapsed and relapsed/refractory multiple
myeloma. EHA Library. 2020;EP953.

Manasanch EE, Shah JJ, Lee HC, et al. Bortezomib,
lenalidomide, and dexamethasone with panobinostat for front-
line treatment of patients with multiple myeloma who are
eligible for transplantation: a phase 1 trial. Lancet Haematol.
2018;5(12):628-e640.

Kaufman JL, Mina R, Shah JJ, et al. Phase 1 trial evaluating
vorinostat plus bortezomib, lenalidomide, and dexamethasone
in patients with newly diagnosed multiple myeloma. Clin
Lymphoma Myeloma Leuk. 2020;20(12):797-803.

Kaiser MF, Hall A, Walker K, et al. Depth of response and
minimal residual disease status in ultra high-risk multiple
myeloma and plasma cell leukemia treated with daratumumab,
bortezomib, lenalidomide, cyclophosphamide and
dexamethasone (Dara-CVRd): results of the UK
Optimum/MUKnine trial. J Clin Oncol. 2021;39(15_suppl):8001.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

P.G. Richardson et al.

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. Carfilzomib,
lenalidomide, and dexamethasone for relapsed multiple
myeloma. N Engl J Med. 2015;372(2):142-152.

Gay F, Scalabrini DR, Belotti A, et al. Updated efficacy and MRD
data according to risk-status in newly diagnosed myeloma
patients treated with carfilzomib plus lenalidomide or
cyclophosphamide: results from the FORTE trial. EHA Library.
2018;S109.

Jakubowiak A, Chari A, Lonial S, et al. Daratumumab (DARA) in
combination with carfilzomib, lenalidomide, and
dexamethasone (KRd) in patients (pts) with newly diagnosed
multiple myeloma (MMY1001): an open-label, phase 1b study. J
Clin Oncol. 2017;35(15_suppl):8000.

Waxman AJ, Clasen S, Hwang WT, et al. Carfilzomib-associated
cardiovascular adverse events: a systematic review and meta-
analysis. JAMA Oncol. 2018;4(3):e174519.

Shah C, Bishnoi R, Jain A, et al. Cardiotoxicity associated with
carfilzomib: systematic review and meta-analysis. Leuk
Lymphoma. 2018;59(11):2557-2569.

Shah JJ, Stadtmauer EA, Abonour R, et al. Carfilzomib,
pomalidomide, and dexamethasone for relapsed or refractory
myeloma. Blood. 2015;126(20):2284-2290.

Richardson PG, Oriol A, Beksac M, et al. Pomalidomide,
bortezomib, and dexamethasone for patients with relapsed or
refractory multiple myeloma previously treated with
lenalidomide (OPTIMISMM): a randomised, open-label, phase 3
trial. Lancet Oncol. 2019;20(6):781-794.

Lakshman A, Kumar SK. Chimeric antigen receptor T-cells,
bispecific antibodies, and antibody-drug conjugates for multiple
myeloma: an update. Am J Hematol. 2022;97(1):99-118.

San Miguel JF, Schlag R, Khuageva NK, et al. Bortezomib plus
melphalan and prednisone for initial treatment of multiple
myeloma. N Engl J Med. 2008;359(9):906-917.

Mateos MV, Richardson PG, Schlag R, et al. Bortezomib plus
melphalan and prednisone compared with melphalan and
prednisone in previously untreated multiple myeloma: updated
follow-up and impact of subsequent therapy in the phase Il
VISTA trial. J Clin Oncol. 2010;28(13):2259-2266.

Palumbo A, Bringhen S, Larocca A, et al. Bortezomib-melphalan-
prednisone-thalidomide followed by maintenance with
bortezomib-thalidomide compared with bortezomib-melphalan-
prednisone for initial treatment of multiple myeloma: updated
follow-up and improved survival. J Clin Oncol.
2014;32(7):634-640.

Palumbo A, Bringhen S, Rossi D, et al. Bortezomib-melphalan-
prednisone-thalidomide followed by maintenance with
bortezomib-thalidomide compared with bortezomib-
melphalan-prednisone for initial treatment of multiple
myeloma: a randomized controlled trial. J Clin Oncol.
2010;28(34):5101-5109.

Niesvizky R, Flinn IW, Rifkin R, et al. Community-based phase
I11B trial of three UPFRONT bortezomib-based myeloma
regimens. J Clin Oncol. 2015;33(33):3921-3929.

Mateos MV, Dimopoulos MA, Cavo M, et al. Daratumumab plus
bortezomib, melphalan, and prednisone for untreated myeloma.
N Engl J Med. 2018;378(6):518-528.

Mateos MV, Cavo M, Blade J, et al. Overall survival with
daratumumab, bortezomib, melphalan, and prednisone in newly
diagnosed multiple myeloma (ALCYONE): a randomised, open-
label, phase 3 trial. Lancet. 2020;395(10218):132-141.

Facon T, Lee JH, Moreau P, et al. Carfilzomib or bortezomib with
melphalan-prednisone for transplant-ineligible patients with
newly diagnosed multiple myeloma. Blood. 2019;133(18):1953-1963.
Tacchetti P, Pantani L, Patriarca F, et al. Bortezomib,

Haematologica | 108 November 2023
2911



REVIEW ARTICLE - Lenalidomide/bortezomib/DXM in newly diagnosed MM

97.

98.

thalidomide, and dexamethasone followed by double
autologous haematopoietic stem-cell transplantation for newly
diagnosed multiple myeloma (GIMEMA-MMY-3006): long-term
follow-up analysis of a randomised phase 3, open-label study.
Lancet Haematol. 2020;7(12):e861-e873.

Moreau P, Avet-Loiseau H, Facon T, et al. Bortezomib plus
dexamethasone versus reduced-dose bortezomib, thalidomide
plus dexamethasone as induction treatment before autologous

stem cell transplantation in newly diagnosed multiple myeloma.

Blood. 2011;118(22):5752-5758.
Moreau P, Attal M, Hulin C, et al. Bortezomib, thalidomide, and
dexamethasone with or without daratumumab before and after

99.

100.

P.G. Richardson et al.

autologous stem-cell transplantation for newly diagnosed
multiple myeloma (CASSIOPEIA): a randomised, open-label,
phase 3 study. Lancet. 2019;394(10192):29-38.

Mai EK, Bertsch U, Durig J, et al. Phase lll trial of bortezomib,
cyclophosphamide and dexamethasone (VCD) versus
bortezomib, doxorubicin and dexamethasone (PAd) in newly
diagnosed myeloma. Leukemia. 2015;29(8):1721-1729.

Kumar SK, Facon T, Usmani SZ, et al. Updated analysis of
daratumumab plus lenalidomide and dexamethasone (D-Rd)
versus lenalidomide and dexamethasone (Rd) in patients with
transplant-ineligible newly diagnosed multiple myeloma
(NDMM): the phase 3 MAIA study. Blood. 2020;136(Suppl 1):24-26.

Haematologica | 108 November 2023
2912



