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ABSTRACT

T

he optimal way to use immunomodulatory drugs as components of
induction and maintenance therapy for multiple myeloma is unresolved. We addressed this question in a large phase III randomized
trial, Myeloma XI. Patients with newly diagnosed multiple myeloma
(n=2,042) were randomized to induction therapy with cyclophosphamide,
thalidomide, and dexamethasone (CTD) or cyclophosphamide, lenalidomide, and dexamethasone (CRD). Additional intensification therapy with
cyclophosphamide, bortezomib, and dexamethasone (CVD) was administered before autologous stem-cell transplantation to patients with a suboptimal response to induction therapy using a response-adapted approach. After
receiving high-dose melphalan with autologous stem cell transplantation,
eligible patients were further randomized to receive either lenalidomide
alone or observation alone. Co-primary endpoints were progression-free survival (PFS) and overall survival (OS). The CRD regimen was associated with
significantly longer PFS (median: 36 vs. 33 months; hazard ratio [HR], 0.85;
95% confidence interval [CI]: 0.75-0.96; P=0.0116) and OS (3-year OS:
82.9% vs. 77.0%; HR, 0.77; 95% CI: 0.63-0.93; P=0.0072) compared with
CTD. The PFS and OS results favored CRD over CTD across all subgroups,
including patients with International Staging System stage III disease (HR for
PFS, 0.73; 95% CI: 0.58-0.93; HR for OS, 0.78; 95% CI: 0.56-1.09), high-risk
cytogenetics (HR for PFS, 0.60; 95% CI: 0.43-0.84; HR for OS, 0.70; 95% CI:
0.42-1.15) and ultra-high-risk cytogenetics (HR for PFS, 0.67; 95% CI: 0.411.11; HR for OS, 0.65; 95% CI: 0.34-1.25). Among patients randomized to
lenalidomide maintenance (n=451) or observation (n=377), maintenance
therapy improved PFS (median: 50 vs. 28 months; HR, 0.47; 95% CI: 0.370.60; P<0.0001). Optimal results for PFS and OS were achieved in the
patients who received CRD induction and lenalidomide maintenance. The
trial was registered with the EU Clinical Trials Register (EudraCT 2009010956-93) and ISRCTN49407852.
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Introduction
The introduction of novel agents, such as immunomodulatory drugs and proteasome inhibitors, has contributed
to the recent dramatic improvements in outcomes
observed for patients with multiple myeloma.1-3 Following
induction, high-dose melphalan-based chemotherapy
with autologous stem cell transplantation (ASCT) remains
the standard of care for eligible patients.4-9 The optimal
approach to induction therapy prior to ASCT and consolidation or maintenance after ASCT in this new era has not
yet been defined. However, several principles have been
established, including the value of using at least triplet
combinations of agents that can induce deeper, longer
remissions by targeting different clonal populations.10,11
The efficacy of immunomodulatory drugs in multiple
myeloma has been linked to their mode of action. These
drugs target the cereblon ubiquitin ligase complex, which
leads to both tumoricidal effects early on and
immunomodulatory effects beneficial for long-term tumor
control.12-15 The immunomodulatory drugs thalidomide
and lenalidomide are recognized as effective treatment
options in both the induction7,9,10,16-18 and maintenance settings.6,19-21 Lenalidomide has fewer side effects than
thalidomide, enabling long-term treatment and disease
control.19-21 We have addressed how to optimize the use of
these agents between induction and maintenance for
patients receiving ASCT in a large, randomized trial (UK
National Cancer Research Institute [NCRI] Myeloma XI).

Methods
The Myeloma XI study had a multifactorial design enabling the
investigation of a number of pertinent clinical questions with adequate statistical control and power. Importantly, the influence of
one phase of treatment or question on another could be separated
and controlled for. This was achieved by stratifying the consolidation and maintenance randomizations for earlier treatment allocations. This report concentrates on induction and its interaction
with maintenance therapy in the transplant-eligible population of
patients within the trial. The other questions posed by the study
are addressed in separate manuscripts.

cyclophosphamide, lenalidomide, and dexamethasone (CRD) or
cyclophosphamide, thalidomide, and dexamethasone (CTD)
(induction randomization), stratified according to certain factors
(Online Supplementary Methods). Patients received a minimum of
four cycles in the absence of progressive disease, and treatment
continued until maximum response was achieved.
Additional intensification therapy before ASCT was administered to patients with a suboptimal response to induction therapy
using a response-adapted approach: patients with stable disease
after induction therapy or those with progressive disease at any
time during induction therapy received a maximum of eight cycles
of cyclophosphamide, bortezomib, and dexamethasone (CVD);
patients with a minimal or partial response were randomized (1:1)
to CVD or no CVD. Patients with a very good partial response or
complete response received no additional therapy before ASCT.
The results of the intensification randomization have been published elsewhere.22
Three months after ASCT, eligible patients were randomized to
observation or to maintenance therapy with lenalidomide alone,
or in combination with vorinostat until unacceptable toxicity or
progressive disease. Patients were excluded from maintenance
randomization if they did not respond to CRD induction, had no
response to any prior study treatment, had progressive disease, or
relapsed after achieving a complete response. Randomized
patients were stratified according to treatment center and previous
randomization group(s). The results of the maintenance randomization have been published elsewhere.23
Further details on the dose and schedule of all study treatments
are provided in Online Supplementary Table S1, and a flow diagram
of the CRD and CTD groups of patients is shown in Online
Supplementary Figure S1.
The study was approved by the national ethics review board
(National Research Ethics Service, London, UK), institutional
review boards of the participating centers, and the competent regulatory authority (Medicines and Healthcare Products Regulatory
Agency, London, UK). All patients provided written informed consent. The trial was registered with the EU Clinical Trials Register
(EudraCT number, 2009-010956-93) and ISRCTN49407852.

Study endpoints and statistical analysis
The co-primary endpoints were progression-free survival (PFS)
and overall survival (OS). Secondary endpoints included PFS-Two
(PFS2), response, and safety. Further details regarding the statistical
analysis are provided in the Online Supplementary Material.

Study design and eligibility criteria
The Myeloma XI trial was a phase III, open-label, parallelgroup, multi-arm, adaptive design trial with three randomization
stages conducted at 110 National Health Service hospitals in
England, Wales, and Scotland (see Online Supplementary Data for a
list of study sites with principal investigators and number of
patients recruited). Eligible patients were aged ≥18 years and
newly diagnosed with multiple myeloma. Exclusion criteria
included previous or concurrent malignancies (including
myelodysplastic syndromes), grade ≥2 peripheral neuropathy,
acute renal failure (unresponsive to up to 72 h of rehydration, characterized by creatinine >500 mmol/L or urine output <400 mL/day
or requiring dialysis), and active or prior hepatitis C infection.
The trial design included an intensive treatment pathway for
transplant-eligible patients and a less intensive treatment pathway
for transplant-ineligible patients. Strict age limits were deliberately
avoided so that fit, older patients could receive intensive therapy
and ASCT. The decision of which treatment pathway to undertake was made on an individual patient basis taking into account
performance status, clinician judgment, and patient preference.
Transplant-eligible patients were randomized on a 1:1 basis to
1958

Results
Patients
Between May 26, 2010 and April 20, 2016, 2,042 transplant-eligible patients underwent induction randomization (Online Supplementary Figure S1). Baseline characteristics were well balanced between the two treatment
groups (Table 1). The median age of all the patients was 61
years (range, 28-75 years), 60% of the patients were male,
and 24% had International Staging System (ISS) stage III
disease. Of the 836 (40.9%) patients for whom genetic
risk could be calculated, 266 (31.8%) had high-risk and
111 (13.3%) had ultra-high-risk cytogenetics. The median
duration of follow-up since study entry was 36.3 months
(interquartile range [IQR], 23.0-48.5 months).

Induction randomization results
Progression-free survival and overall survival
Disease progression or death occurred in 456 patients in
haematologica | 2021; 106(7)
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Table 1. Patients’ characteristics according to induction regimen.

Characteristic
Median age (range), years
Age group, n (%)
≤65 years
>65 years
Sex, n (%)
Male
Female
Ethnicity, n (%)
White
Black (Black Caribbean, Black African, other)
Asian (Indian, Pakistani, Bangladeshi, other)
Other
Unknown
WHO performance status, n (%)
0
1
2
≥3
Unknown
Immunoglobin subtype, n (%)
IgG
IgA
IgM
IgD
Light chain only
Non-secretor
Unknown
ISS stage, n (%)
I
II
III
Unknown
Median serum creatinine (range), mol/L
Unknown, n (%)
Median lactate dehydrogenase (range), IU/L
Unknown, n (%)
CVD randomization after MR/PR, n (%)
Allocated to CVD
Allocated to no CVD
Received CVD after SD/PD, n (%)
Maintenance treatment, n (%)
Lenalidomide
Lenalidomide plus vorinostat
Observation
Cytogenetic data available, n (%)
Cytogenetic lesions, n (% of those with data available)
t(4;14)
t(14;16)
t(14;20)
del(17p)
gain(1q)
Cytogenetic risk category, n (% of those with data available)
Standard
High*
Ultra-high†

CRD (n=1,021)

CTD (n=1,021)

61 (28-75)

61 (29-74)

772 (75.6)
249 (24.4)

754 (73.8)
267 (26.2)

610 (59.7)
411 (40.3)

611 (59.8)
410 (40.2)

938 (91.9)
21 (2.1)
28 (2.7)
10 (0.9)
24 (2.4)

937 (91.8)
14 (1.4)
27 (2.6)
14 (1.4)
29 (2.8)

421 (41.2)
363 (35.6)
119 (11.7)
53 (5.2)
65 (6.4)

439 (43.0)
367 (35.9)
135 (13.2)
34 (3.3)
46 (4.5)

633 (62.0)
220 (21.5)
4 (0.4)
12 (1.2)
139 (13.6)
6 (0.6)
7 (0.7)

600 (58.8)
269 (26.3)
4 (0.4)
9 (0.9)
127 (12.4)
7 (0.7)
5 (0.5)

301 (29.5)
392 (38.4)
246 (24.1)
82 (8.0)
85.0 (28.0-825.0)
9 (8.8)
262.0 (3.0-2519.0)
228 (22.3)

306 (30.0)
388 (38.0)
253 (24.8)
74 (7.2)
83.0 (30.0-897.0)
7 (6.9)
273.0 (0.0-3550.0)
215 (21.1)

85 (8.3)
82 (8.0)
35 (3.4)

98 (9.6)
102 (10.0)
38 (3.7)

230 (22.5)
103 (10.1)
190 (18.6)
414 (40.5)

221 (21.6)
93 (9.1)
187 (18.3)
422 (41.3)

56 (13.5)
8 (1.9)
3 (0.7)
31 (7.5)
137 (33.1)

70 (16.6)
12 (2.8)
2 (0.5)
42 (10.0)
136 (32.2)

223 (53.9)
149 (36.0)
42 (10.1)

236 (55.9)
117 (27.7)
69 (16.4)

CRD: cyclophosphamide, lenalidomide, and dexamethasone; CTD: cyclophosphamide, thalidomide, and dexamethasone; CVD: cyclophosphamide, bortezomib, and dexamethasone; Ig: immunoglobulin; ISS: International Staging System; MR: minimal response; PD: progressive disease; PR: partial response; SD: stable disease; WHO: World Health
Organization. *High risk defined as the presence of any one of t(4;14), t(14;16), t(14;20), del(17p), or gain(1q). †Ultra-high risk defined as the presence of more than one lesion.
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the CRD group and in 509 patients in the CTD group. The
CRD regimen was associated with significantly longer PFS
than the CTD regimen (hazard ratio [HR], 0.85; 95% confidence interval [CI]: 0.75-0.96; P=0.0116) (Figure 1A). The
median PFS was 36 months (95% Cl: 33-39) with CRD
and 33 months (95% CI: 31-35) with CTD. The median
overall survival has not yet been reached with the current
follow-up. Death occurred in 185 patients in the CRD
group and in 230 patients in the CTD group. There was a
statistically significant difference in OS favoring CRD
(HR, 0.77; 95% CI: 0.63-0.93; P=0.0072) (Figure 1B). The
3-year OS rate was 82.9% (95% Cl: 80.2-85.7) with CRD
and 77.0% (95% CI: 73.9-80.0) with CTD.

A

Subgroup analyses indicated that PFS and OS were better with CRD than with CTD across all subgroups (Figure
2). In the subset of patients with ISS stage III disease, CRD
was superior to CTD for PFS (HR, 0.73; 95% CI: 0.580.93) and there was a trend toward improved OS (HR,
0.78; 95% CI: 0.56-1.09). In each case, there was no evidence of heterogeneity of treatment effect (PFS: P=0.2645;
OS: P=0.7606) (Figure 2). Similar results were seen in the
subgroup of patients with high-risk cytogenetics (HR for
PFS, 0.60; 95% CI: 0.43-0.84; HR for OS, 0.70; 95% CI:
0.42-1.15) and ultra-high risk cytogenetics (HR for PFS,
0.67; 95% CI: 0.41-1.11; P=0.6164; HR for OS, 0.65; 95%
CI: 0.34-1.25; P=0.8131), with no significant heterogeneity

Figure 1. Outcomes according
to induction regimen. (A)
Progression-free survival and
(B) overall survival, with
dashed line showing the median. CRD: cyclophosphamide,
lenalidomide, and dexamethasone; CTD: cyclophosphamide,
thalidomide, and dexamethasone; 95% CI: 95% confidence
interval.

B
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of treatment effect observed (Figure 2).
PFS2, a secondary endpoint, was also analyzed. CRD
was associated with significantly longer PFS2 than was
CTD (HR, 0.76; 95% CI: 0.65-0.90; P=0.001) (Online
Supplementary Figure S2). The median PFS2 was 59 months
(95% Cl: 55-63) with CRD and 54 months (95% CI: 4960) with CTD.

Response
After induction triplet therapy, the proportion of
patients with a very good partial response or better was
significantly higher with CRD than with CTD (60.4% vs.
52.9%; P=0.0006) (Table 2). The odds ratio (OR) of 1.37
(95% CI: 1.15-1.65) indicates a 37% increase in the odds
of achieving a deep remission in the CRD group than in
the CTD group. After ASCT, the proportion of patients
achieving a very good partial response or better remained
higher in the CRD group than in the CTD group, but the
difference was not statistically significant (81.5% vs.
76.9%; OR, 1.25; 95% CI: 0.94-1.66; P=0.1277) (Table 2).
Due to the lower induction response rate with CTD
compared with CRD, more patients underwent CVD
intensification as per protocol (CRD, 11.8% vs. CTD,
13.3%). The interaction between induction therapy and
CVD was therefore examined further. Counterfactual estimates of the survivor function if CVD rescue treatment
was not received by any patients maintained differences
in median PFS (CRD: 36 months [95% CI: 33-39] vs. CTD:
33 months [95% CI: 30-34]) (Online Supplementary Figure
S3A) and 3-year OS rate (CRD: 82.9% [95% CI: 80.0-85.5]
vs. CTD: 76.3% [95% CI: 73.0-79.2]) (Online
Supplementary Figure S3B). Similar counterfactual estimates
obtained in the scenario in which patients randomized to
no CVD after partial/minimal response were treated with
CVD provided similar estimates for median PFS (CRD: 36
months [95% CI: 33-39] vs. CTD: 33 months [95% CI: 3136]) (Online Supplementary Figure S3C) and 3-year OS rate
(CRD: 83.1% [95% CI: 80.2-85.6] vs. CTD: 77.3% [95%
CI: 74.1-80.2]) (Online Supplementary Figure S3D). After
adjustment for the effect of CVD treatment in a counterfactual analysis, the hazard ratios for PFS and OS were
0.82 (95% CI: 0.69-0.96) and 0.69 (95% CI: 0.53-0.91),
respectively. This suggests a greater treatment effect of

CRD induction treatment on PFS and particularly OS than
apparent with the unadjusted intention-to-treat analysis
(Online Supplementary Figure S3A and S3B, respectively).
The full results of the CVD intensification randomization
have been presented elsewhere.22

Safety
The median number of cycles of induction therapy
delivered was five (range, 1-18) for CRD and five (range,
1-12) for CTD. The median percentage of minimum protocol-defined delivered dose of lenalidomide and thalidomide during induction therapy was 116.7% (IQR, 96.4150.0) and 100.0% (IQR, 71.4-128.6), respectively.
Lenalidomide dose modifications occurred in 391 (38.3%)
patients who received CRD induction therapy, and
thalidomide dose modifications occurred in 751 (73.6%)
patients who received CTD induction therapy. The rate of
discontinuation of induction therapy due to adverse
events was similar with CRD and CTD (51 patients
[5.0%] and 68 patients [6.7%], respectively). Overall,
64.4% of patients proceeded to ASCT following induction
with or without intensification. There was no difference
in the proportion of patients undergoing ASCT between
those receiving CTD (63.3%) or CRD (65.5%) induction
suggesting this was not due to induction-related toxicity.
The most common reason for not proceeding was “Patient
not fit/clinician’s decision” in 36.1% of cases.
Differences in the safety profile of CRD and CTD were
consistent with the known side effects of lenalidomide
and thalidomide (Table 3). In general, CRD was associated
with a higher rate of grade ≥3 neutropenia (22.3% vs.
11.7%) and diarrhea (2.6% vs. 1.0%), whereas CTD was
associated with a higher rate of grade ≥3 peripheral sensory neuropathy (1.5% vs. 0.6%) and constipation (1.9% vs.
0.8%). The incidence of deep vein thrombosis was 5.7%
in the CRD group and 4.8% in the CTD group; pulmonary
embolism was reported in 3.2% and 4.9% of patients,
respectively.
The 3-year cumulative incidence of invasive second primary malignancies (SPM) was low and comparable
between CRD and CTD (2.9% [95% CI: 1.7-4.1] vs. 1.5%
[95% CI: 0.6-2.4]; HR, 1.60 [95% CI: 0.87-2.93];
P=0.1311). The SPM incidence rate per 100 patient-years

Table 2. Response rates after induction and autologous stem-cell transplantation.

Response, n (%)
CR or VGPR
CR
CR w/o BM
VGPR
PR or MR
PR
MR
SD or PD
SD
PD
Death within 100 days after ASCT
Unknown

Response following induction therapy
CRD
CTD
(n=1,021)
(n=1,021)
617 (60.4)
87 (8.5)
297 (29.1)
233 (22.8)
297 (29.1)
261 (25.6)
36 (3.5)
32 (3.1)
8 (0.8)
24 (2.4)
13 (1.3)
57 (5.6)

540 (52.9)
61 (6.0)
223 (21.8)
256 (25.1)
348 (34.1)
301 (29.5)
47 (4.6)
43 (4.2)
8 (0.8)
35 (3.4)
17 (1.7)
61 (6.0)

Response following ASCT
CRD
CTD
(n=628)
(n=603)
512 (81.5)
149 (23.7)
218 (34.7)
145 (23.1)
95 (15.1)
94 (15.0)
1 (0.2)
11 (1.8)
0 (0.0)
11 (1.8)
1 (0.2)
9 (0.9)

464 (76.9)
122 (20.2)
214 (35.5)
128 (21.2)
102 (16.9)
98 (16.3)
4 (0.7)
10 (1.7)
0 (0.0)
10 (1.7)
6 (1.0)
21 (2.1)

ASCT: autologous stem cell transplantation; CR: complete response; CR w/o BM: complete response by immunological criteria without confirmation by bone marrow; CRD:
cyclophosphamide, lenalidomide, and dexamethasone; CTD: cyclophosphamide, thalidomide, and dexamethasone; MR: minimal response; PD: progressive disease; PR: partial
response; SD: stable disease; VGPR: very good partial response.
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was 1.2 (95% CI: 0.8-1.7) in the CRD group and 0.9 (95%
CI: 0.6-1.3) in the CTD group.
The incidence of serious adverse events during induction was similar with CRD and CTD (59.0% vs. 57.7%).
Infection accounted for nearly half of all serious adverse
events reported during induction (45.2% for CRD vs.
46.4% for CTD). Fatal adverse events occurred in six
patients in the CRD group and in three patients in the
CTD group. Of the nine patients with grade 5 adverse
events, one had three concurrent events (renal failure, liver
failure, and sepsis), one had two concurrent events (small
bowel obstruction and sepsis), and the remaining seven

patients had one event each (pneumonia [n=2]; sepsis
[n=2]; collapse/syncope [n=2]; lower respiratory tract
infection [n=1]; hepatitis encephalopathy [n=1]).

Interaction of lenalidomide induction and maintenance
Following ASCT, patients were randomized between
maintenance lenalidomide and observation, giving us the
opportunity to explore the interaction between induction
and maintenance agents in this setting. Of the 2,042 transplant-eligible patients who entered the first randomization, 1,024 entered the maintenance phase and were randomized to lenalidomide alone (n=451), to lenalidomide

Figure 2. Outcomes according to induction regimen in selected subgroups. (A) Progression-free survival and (B) overall survival; Hazard ratio <1.00 favors CRD.
*Likelihood ratio test for heterogeneity of effect among patients with subgroup data available. CI: confidence interval; CRD: cyclophosphamide, lenalidomide, and
dexamethasone; CTD: cyclophosphamide, thalidomide, and dexamethasone; het: heterogeneity; HiR: high risk; HR: hazard ratio; ISS: International Staging System;
SR: standard risk; UHiR: ultra-high risk.
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plus vorinostat (n=196, not included in this further analysis), or to observation (n=377). The baseline characteristics
of patients undergoing maintenance randomization were
well balanced between the two treatment groups (Online
Supplementary Table S2). Approximately half of patients in
both the lenalidomide and observation groups had
received CRD as induction therapy (230 of 451 [51.0%] in

the lenalidomide group; 190 of 377 [50.4%] in the observation group). Lenalidomide maintenance was associated
with significantly longer PFS and OS compared with
observation in transplant-eligible patients (median: 50 vs.
28 months; HR, 0.47; 95% CI: 0.37-0.60; P<0.0001 at a
median follow-up of 27.2 [IQR, 12.8-42.0] months).
In a post-hoc exploratory analysis, the longest PFS was

A

B

Figure 3. Outcomes according to induction and maintenance treatment. (A) Progression-free survival and (B) overall survival. CRD: cyclophosphamide, lenalidomide,
and dexamethasone; CTD: cyclophosphamide, thalidomide, and dexamethasone; Obs: observation; Len: lenalidomide.
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observed in patients who received CRD induction and
lenalidomide maintenance. The median PFS in this group
was not reached, while it was 49 months in those who
received CTD and lenalidomide maintenance, 32 months
in those who received CTD and observation, and 24
months in those who received CRD and observation
(Figure 3A). Similarly, the longest OS was observed in
patients who received CRD induction and lenalidomide
maintenance. The median OS was not reached in any
group, but 3-year OS rates were 92.3% for those who
received CRD induction with lenalidomide maintenance,
89.0% in those who received CTD and lenalidomide
maintenance, 86.0% in those who received CTD and
observation, and 90.3% in those who received CRD and
observation (Figure 3B).

Discussion
This is the largest study to evaluate the CRD regimen as
induction therapy before ASCT in patients with multiple
myeloma. We show that it is associated with excellent
efficacy and safety data and the results are consistent with
prior studies evaluating either CTD,17,18,24 CRD as induction therapy,25 or CRD as treatment in the relapsed/refractory disease setting.26
A direct comparison of thalidomide and lenalidomide
as the immunomodulatory component of induction therapy has not been previously undertaken in the context of
a randomized trial for transplant-eligible newly diagnosed myeloma patients. Our results demonstrate the
superiority of lenalidomide over thalidomide both in
terms of efficacy and tolerability in the context of combination with an alkylating agent (cyclophosphamide),
supporting the findings of previous non-randomized
analyses.27,28 Previous randomized studies in patients not
eligible for stem-cell transplant have compared thalidomide to lenalidomide in combination with the alkylating
agent melphalan.29,30 In these studies no difference
between lenalidomide and thalidomide in terms of
response, progression-free or overall survival was identified. The differences between these prior studies and the
finding from Myeloma XI might be explained by the different patient population or the different alkylating
agent, cyclophosphamide, which may be better tolerated
than melphalan.
Response rates obtained with CRD in the current
study were good: 60% of patients achieved at least a
very good partial response after induction and 82% did
so after ASCT. This compares favorably with other
novel-agent-based triplet induction therapies, including
bortezomib, doxorubicin, and dexamethasone (VAD),31,32
CVD,32 bortezomib, thalidomide, and dexamethasone
(VTD),5,10,33,34 and even the immunomodulatory drug/proteasome inhibitor regimen bortezomib, lenalidomide,
and dexamethasone (VRD)9,35 (Online Supplementary Table
S3). However there are many caveats when trying to
compare results across trials. Particularly in comparing
response rates it should be noted that patients in
Myeloma XI received induction until maximum response
rather than for a fixed duration and this may have led to
deeper responses prior to transplantation than in other
studies. Although immunomodulatory drug and proteasome inhibitor combinations (e.g. VTD/VRD) have
recently become widely used in the European Union and
1964

USA this was not the situation when the study was initially implemented. At that time either an immunomodulatory-based regimen or a proteasome inhibitor-based
regimen (e.g., MPV or VD) was used. The standard of
care in the UK, as in a number of other countries, was
CTD. The addition of a proteasome inhibitor to induction regimens offers the potential to target immunomodulatory agent-resistant subclones of disease with a second novel agent. This concept was explored in the intensification randomization aspect of the study which has
been previously reported22 and demonstrated that intensification treatment with CVD significantly improved
PFS in patients with newly diagnosed multiple myeloma
and a suboptimal response to immunomodulatory induction therapy compared with no intensification treatment.
The combination of a fourth agent with a different
mechanism of action to induction, such as daratumumab
plus VTD (Dara-VTD) investigated in the recently published Cassiopeia trial, is able to induce even deeper
responses, with 83% of patients achieving at least very
good partial response.36 PFS was longer in patients treated
with Dara-VTD than in those treated with VTD alone,
suggesting the addition of further agents to active triplets
can improve outcomes yet further. In contrast, however,
CRD offers an all oral regimen requiring only one hospital
visit per month and including only one more expensive
agent, lenalidomide. As such it is comparatively easier to
deliver and likely to be cheaper in terms of both drug and
administration costs. The lower incidence of peripheral
neuropathy seen with CRD than that seen with combinations including bortezomib and/or thalidomide may also
be beneficial for some patients.
The Myeloma XI data support the continued use of
ASCT, since in a previous study of CRD without ASCT,7
the median PFS was 28.6 months, which is shorter than
that achieved with CRD and ASCT in the Myeloma XI
trial (36 months). Similarly, in the IFM 2009 study comparing VRD with or without ASCT, the combination of VRD
and ASCT led to significantly better PFS than VRD alone
(median: 50 vs. 36 months; P<0.001).9 The median OS in
that study was similar in both groups, likely due to the
fact that 79% of patients assigned to VRD alone received
salvage ASCT at relapse and the short current follow-up.
These findings and data from several other studies suggest
a complementary role for novel agents and ASCT.
We have shown that treatment with lenalidomide
maintenance therapy after ASCT is associated with
improved PFS and OS, a finding consistent with other
reports.6,19,20,37 We show that in Myeloma XI, the efficacy
of lenalidomide maintenance was not diminished by prior
exposure to lenalidomide; in fact, the best outcomes were
achieved when lenalidomide was given as both induction
and maintenance. This is similar to results seen in previous lenalidomide maintenance studies, which showed significant heterogeneity of effect of lenalidomide maintenance with outcomes favoring those who had received
lenalidomide induction.20,38 This suggests that patients
with disease sensitive to immunomodulation with
lenalidomide will continue to benefit from its continued
use, perhaps as the maintenance therapy targets quiescent
cells as they come out of cycle.
We noted that patients receiving CRD and observation
appeared to have slightly inferior PFS than patients receiving CTD and observation. This was not due to any apparent difference in early discontinuation of therapy or dose
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Table 3. Adverse events according to induction regimen (safety population*).

Grade ≥3 AE, n (%)

CRD
(n=1,010)

CTD
(n=1,004)

Neutropenia
Anemia
Thrombocytopenia
Diarrhea
Constipation
Peripheral sensory neuropathy
Peripheral motor neuropathy

225 (22.3)
97 (9.6)
46 (4.5)
26 (2.6)
8 (0.8)
6 (0.6)
5 (0.5)

117 (11.7)
67 (6.7)
17 (1.7)
10 (1.0)
19 (1.9)
15 (1.5)
14 (1.4)

AEs of interest
(any grade), n (%)

CRD
(n=1,010)

CTD
(n=1,004)

Peripheral sensory neuropathy
Peripheral motor neuropathy
Deep vein thrombosis
Pulmonary embolism
Other thrombosis/embolism

251 (24.9)
87 (8.6)
58 (5.7)
32 (3.2)
8 (0.8)

452 (45.0)
163 (16.2)
48 (4.8)
49 (4.9)
11 (1.1)

*The safety population included all randomly assigned patients who received one or
more doses of the induction or maintenance regimen. AE: adverse event; CRD:
cyclophosphamide, lenalidomide, and dexamethasone; CTD: cyclophosphamide,
thalidomide, and dexamethasone.

modifications and so is difficult to explain. The PFS difference is small, not statistically significant and may have
occurred by chance. In the analysis of OS the reverse pattern was seen with patients receiving CRD and observation having an apparent improved OS compared to those
receiving CTD and observation.
The results of Myeloma XI are likely to reflect the true
impact of the CRD combination in clinical practice
because of the limited exclusion criteria for the study population. Notably, there were no age restrictions for the
intensive pathway, allowing older but fit patients to
undergo ASCT. The median age in this group was 61
years, and patients up to the age of 75 years were included. In contrast, most previous studies of ASCT have
excluded patients aged over 65 or 70 years. Evidence suggests that fit patients aged >65 years can benefit from
ASCT, especially when combined with regimens containing novel agents.3,39,40 Our approach may also explain the
relatively lower proportion of patients proceeding to
ASCT in this study than in other studies of induction therapy which are usually limited only to patients under the
age of 65. The most common reason for patients not proceeding to stem-cell transplant was given as “patient not
fit/clinician’s decision” suggesting that clinicians may have
initially entered patients in the transplant-eligible pathway of the study as a ‘trial of fitness’ so as not to limit
their options prior to withdrawing the patient nearer the
time of transplantation.
In addition, the proportion of patients with ISS stage III
disease (24%) in the present study was slightly higher than
that in some recent studies of induction therapy.9,10,31,35
Cytogenetic abnormalities, such as t(4;14), t(14;16), and
del(17p), are important prognostic markers, and should
therefore be investigated in all patients with multiple
myeloma according to the International Myeloma
Working Group molecular classification.41 Although cytogenetic data were only available for 41% of patients in our
study, this percentage is comparable to that in other trials
of patients with newly diagnosed multiple myeloma.42
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While three-drug induction regimens are generally more
effective than two-drug regimens, they may also be more
toxic.10,11 In the Myeloma XI trial, the safety results for
CRD and CTD were consistent with the known safety
profiles of these agents. Notably, rates of peripheral neuropathy were lower with CRD than with CTD. An important safety concern with lenalidomide treatment in
patients with newly diagnosed multiple myeloma is the
risk of SPM.43 In this population of transplant-eligible
patients, the overall 3-year cumulative incidence of invasive SPM was low (2.2%; 95% CI: 1.5-3.0) and the type of
induction therapy used did not appear to affect the SPM
incidence rate. Safety results for lenalidomide maintenance compared to observation, including SPM incidence,
have been previously published.23,24 Despite the risks associated with continued active therapy, registry data suggest
that health-related quality of life of patients receiving
lenalidomide maintenance is similar to that of patients
receiving no maintenance.45
In summary, induction therapy with CRD improved PFS
and OS compared with CTD in transplant-eligible
patients with newly diagnosed multiple myeloma. The
best results were achieved when patients received both
lenalidomide-based induction therapy and lenalidomide
maintenance.
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