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A BS T R AC T
BACKGROUND

Ixazomib is an oral proteasome inhibitor that is currently being studied for the treatment
of multiple myeloma.
METHODS

In this double-blind, placebo-controlled, phase 3 trial, we randomly assigned 722 patients
who had relapsed, refractory, or relapsed and refractory multiple myeloma to receive ixazomib plus lenalidomide–dexamethasone (ixazomib group) or placebo plus lenalidomide–
dexamethasone (placebo group). The primary end point was progression-free survival.
RESULTS

Progression-free survival was significantly longer in the ixazomib group than in the placebo
group at a median follow-up of 14.7 months (median progression-free survival, 20.6 months
vs. 14.7 months; hazard ratio for disease progression or death in the ixazomib group, 0.74;
P = 0.01); a benefit with respect to progression-free survival was observed with the ixazomib
regimen, as compared with the placebo regimen, in all prespecified patient subgroups, including in patients with high-risk cytogenetic abnormalities. The overall rates of response
were 78% in the ixazomib group and 72% in the placebo group, and the corresponding rates
of complete response plus very good partial response were 48% and 39%. The median time
to response was 1.1 months in the ixazomib group and 1.9 months in the placebo group,
and the corresponding median duration of response was 20.5 months and 15.0 months. At
a median follow-up of approximately 23 months, the median overall survival has not been
reached in either study group, and follow-up is ongoing. The rates of serious adverse events
were similar in the two study groups (47% in the ixazomib group and 49% in the placebo
group), as were the rates of death during the study period (4% and 6%, respectively); adverse
events of at least grade 3 severity occurred in 74% and 69% of the patients, respectively.
Thrombocytopenia of grade 3 and grade 4 severity occurred more frequently in the ixazomib
group (12% and 7% of the patients, respectively) than in the placebo group (5% and 4% of
the patients, respectively). Rash occurred more frequently in the ixazomib group than in the
placebo group (36% vs. 23% of the patients), as did gastrointestinal adverse events, which
were predominantly low grade. The incidence of peripheral neuropathy was 27% in the ixazomib group and 22% in the placebo group (grade 3 events occurred in 2% of the patients
in each study group). Patient-reported quality of life was similar in the two study groups.
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CONCLUSIONS

The addition of ixazomib to a regimen of lenalidomide and dexamethasone was associated with significantly longer progression-free survival; the additional toxic effects
with this all-oral regimen were limited. (Funded by Millennium Pharmaceuticals;
TOURMALINE-MM1 ClinicalTrials.gov number, NCT01564537.)
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utcomes of multiple myeloma
have improved substantially over the past
15 years with the introduction of proteasome inhibitors and immunomodulatory drugs,1,2
and these agents now form the backbone of
therapy for multiple myeloma.3 In phase 3 studies, triplet regimens based on these agents were
shown to be more efficacious than doublet regimens when these regimens were used as a firstline treatment4-6 and in relapsed disease.7,8 In
addition, there has been a shift in treatment
patterns toward the use of extended treatment to
further improve long-term outcomes,9 and this
shift highlights the need for additional effective
agents with acceptable side-effect profiles that
will enable patients to continue receiving therapy for prolonged periods.
Ixazomib is a peptide boronic acid proteasome inhibitor that is administered orally and
that has a chemical structure and pharmacologic properties that are distinct from those of
bortezomib.10,11 Ixazomib was shown to have
synergy with lenalidomide in preclinical studies.12 In an early-phase study, ixazomib was administered orally once weekly in combination
with lenalidomide and dexamethasone in patients
with previously untreated multiple myeloma and
was shown to have encouraging efficacy (58% of
patients who could be evaluated had a complete
response or a very good partial response) and
manageable adverse events that included some
peripheral neuropathy; the results from this
study showed that long-term treatment could be
continued for more than 4 years.13,14
These early-phase data provided the rationale for the phase 3, randomized, double-blind,
placebo-controlled trial reported here. We compared the efficacy and safety of ixazomib, administered weekly, plus lenalidomide–dexamethasone
(an all-oral triplet regimen containing a proteasome inhibitor and an immunomodulatory drug,
together with dexamethasone) with those of
placebo plus lenalidomide–dexamethasone in
patients with relapsed, refractory, or relapsed
and refractory multiple myeloma.

Me thods
Patients

Adult patients were eligible for enrollment if
they had relapsed, refractory, or both relapsed
and refractory multiple myeloma; had measurable levels of disease (even if measurable by se1622
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rum free light-chain assay only); had an Eastern
Cooperative Oncology Group (ECOG) performance status score of 0 to 2 (on a scale from
0 to 5, with 0 indicating no symptoms and
higher scores indicating increasing disability);
had received one to three prior therapies; and
had adequate hematologic and hepatic function.
Patients with mild-to-moderate impairment of
renal function (i.e., patients with a calculated
creatinine clearance of at least 30 ml per minute
per 1.73 m2 of body-surface area) were eligible.
Patients were not eligible if they had peripheral
neuropathy of grade 1 with pain or grade 2 or
higher or had disease that was refractory to prior
lenalidomide therapy or proteasome inhibitor–
based therapy; however, patients with primary
refractory disease (defined as no response to
prior therapy) were eligible. Eligibility criteria
are described in detail in the Supplementary Appendix, available with the full text of this article
at NEJM.org.
Study Design

Patients were randomly assigned, in a 1:1 ratio,
to receive, in 28-day cycles, either 4 mg of oral
ixazomib or matching placebo on days 1, 8, and
15; in addition, all patients received 25 mg of
oral lenalidomide on days 1 through 21 (10 mg
for patients with a creatinine clearance of ≤60 or
≤50 ml per minute per 1.73 m2, with the cutoff
point determined according to the local prescribing information) and 40 mg of oral dexamethasone on days 1, 8, 15, and 22. Randomization was stratified according to the number of
prior therapies (1 vs. 2 or 3), previous exposure to
proteasome inhibitors (not exposed vs. exposed),
and International Staging System disease stage
(I or II vs. III, with higher stages indicating more
advanced disease) (Table S1 in the Supplementary Appendix). Treatment was continued until
disease progression or the development of unacceptable toxic effects. Thromboprophylaxis was
required in all patients (97% of the patients in
the ixazomib group and 98% of the patients in
the placebo group received thromboprophylaxis); prophylactic medications and permitted concomitant treatments are listed in the Supplementary Appendix. Dose adjustments for toxic effects
were permitted according to established doseadjustment guidelines specified in the protocol
or prescribing information for each study drug.
The primary end point was progression-free
survival, which was defined as the time from the
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date of randomization to the date of first documentation of disease progression or death from
any cause, as assessed by an independent review
committee, whose members were unaware of the
study-group assignments. Prespecified key secondary end points were overall survival in the
intention-to-treat population and overall survival in patients with chromosome 17p deletion
[del(17p)]. Other secondary end points included
the overall rate of response, the rate of complete
response plus very good partial response, the
duration of response, the time to disease progression, progression-free survival in patients
with high-risk cytogenetic abnormalities, safety,
and change in global health status. Additional
end points are listed in the Supplementary Appendix.
Study Oversight

The trial was conducted in accordance with the
International Conference on Harmonisation Good
Clinical Practice guidelines and appropriate regulatory requirements. Local ethics committees
or institutional review boards approved the protocol, which is available at NEJM.org. All patients provided written informed consent.
The trial was designed by the first, last, and
other authors in collaboration with the sponsor,
Millennium Pharmaceuticals, a subsidiary of
Takeda Pharmaceuticals. Data were gathered by
the investigators and the sponsor and were analyzed by the sponsor; all the authors had access
to the data. The initial draft of the manuscript
was written by the first and last authors and two
other authors, along with a professional medical
writer who was funded by the sponsor. All the
authors contributed to subsequent drafts, all
the authors and the sponsor reviewed the drafts,
and all the authors made the decision to submit
the manuscript for publication. The investigators,
participating institutions, and sponsor agreed to
maintain confidentiality of the data. All the authors vouch for the integrity, accuracy, and completeness of the data and analyses and for the
fidelity of the study to the protocol.
Assessments

Assessments of the response to the study regimen were performed every cycle until disease
progression. Assessments of response and disease progression were based on central laboratory results and International Myeloma Working
Group 2011 criteria (Table S2 in the Supplemenn engl j med 374;17

tary Appendix),15 as evaluated by an independent
review committee whose members were unaware
of the study group assignments and investigator
assessments. All patients were followed for survival after disease progression (every 12 weeks
until death or termination of the study). Cytogenetic abnormalities were assessed by a central
laboratory at screening, with high-risk abnormalities defined as del(17p), translocation between
chromosomes 4 and 14 [t(4;14)], or translocation
between chromosomes 14 and 16 [t(14;16)].
Health-related quality of life was evaluated with
the use of patient self-reported instruments that
included the European Organization for Research
and Treatment of Cancer Quality-of-Life Questionnaire–Core 30 module (EORTC QLQ-C30) and
the myeloma-specific module (EORTC QLQ-MY20)
(for additional information on assessments, see
the Supplementary Appendix).
Statistical Analysis

The primary end point of progression-free survival and the key secondary end points of overall
survival and overall survival in patients with
del(17p) were evaluated with the use of a closed
sequential testing procedure to control for the
type 1 error rate at a two-sided alpha level of 0.05;
the test for overall survival was to be conducted
on its own alpha-spending functions only if
progression-free survival was significant. Three
sequential interim analyses and a final analysis
were planned. We calculated the total sample
size such that the study would have 80% power
to detect a 30% difference in overall survival
(hazard ratio for death with ixazomib, 0.77), at
a two-sided alpha level of 0.05. The study was
powered to detect the superiority of ixazomib
over placebo with respect to progression-free
survival (hazard ratio of 0.74). An O’Brien–Fleming stopping boundary for efficacy was calculated
with the use of a Lan–DeMets alpha-spending
function16 on the basis of the number of events
observed at the time of data cutoff. An interim
analysis was planned when approximately 36% of
the patients had an event of progression or death.
At the first prespecified analysis at a median
follow-up of approximately 15 months, the
progression-free survival results crossed the prespecified O’Brien–Fleming boundary and showed
that the ixazomib regimen was associated with
a significant benefit as compared with the placebo regimen; therefore, in accordance with the
statistical analysis plan in the protocol and the
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Table 1. Baseline Characteristics of Patients in the Intention-to-Treat Population.*
Ixazomib Group
(N = 360)

Placebo Group
(N = 362)

Overall
(N = 722)

66 (38–91)

66 (30–89)

66 (30–91)

192 (53)

186 (51)

378 (52)

Male sex — no. (%)

207 (58)

202 (56)

409 (57)

White race — no. (%)†

310 (86)

301 (83)

611 (85)

0

180/354 (51)

170/358 (47)

350/712 (49)

1

156/354 (44)

164/358 (46)

320/712 (45)

2

18/354 (5)

24/358 (7)

42/712 (6)

I

226 (63)

233 (64)

459 (64)

II

89 (25)

87 (24)

176 (24)

III

45 (12)

42 (12)

87 (12)

78.4 (20–233)

78.4 (27–233)

78.4 (20–233)

Characteristic
Age
Median (range) — yr
>65 yr — no. (%)

ECOG performance status score — no./
total no. (%)‡

ISS disease stage at study entry — no. (%)§

Median creatinine clearance (range) — ml/min
per 1.73 m2
Creatinine clearance — no. (%)
<30 ml/min per 1.73 m2

5 (1)

5 (1)

10 (1)

30 to <60 ml/min per 1.73 m2

74 (21)

95 (26)

169 (23)

60 to <90 ml/min per 1.73 m2

155 (43)

129 (36)

284 (39)

≥90 ml/min per 1.73 m2

126 (35)

132 (36)

258 (36)

44.2 (3–281)

42.2 (4–306)

42.8 (3–306)

Median time since initial diagnosis of multiple
myeloma (range) — mo
Cytogenetic features — no. of patients (%)¶

199 (55)

216 (60)

415 (57)

High-risk cytogenetic abnormalities

Standard-risk cytogenetic abnormalities

75 (21)

62 (17)

137 (19)

Data not available

86 (24)

84 (23)

170 (24)

1

224 (62)

217 (60)

441 (61)

2

97 (27)

111 (31)

208 (29)

No. of prior therapies — no. of patients (%)‖

3

39 (11)

34 (9)

73 (10)

212 (59)

199 (55)

411 (57)

Relapsed

276/359 (77)

280/362 (77)

556/721 (77)

Refractory

42/359 (12)

40/362 (11)

82/721 (11)

Relapsed and refractory

41/359 (11)

42/362 (12)

83/721 (12)

Primary refractory

24/359 (7)

22/362 (6)

46/721 (6)

Prior stem-cell transplantation
Disease category — no./total no. (%)

Prior proteasome inhibitor therapy — no. (%)
Bortezomib

1624

249 (69)

253 (70)

502 (70)

248 (69)

250 (69)

498 (69)

Carfilzomib

1 (<1)

4 (1)

5 (1)

Disease refractory to any prior proteasome
inhibitor therapy — no. (%)**

4 (1)

8 (2)

12 (2)
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Table 1. (Continued.)
Ixazomib Group
(N = 360)

Placebo Group
(N = 362)

Overall
(N = 722)

193/360 (54)

204/362 (56)

397/722 (55)

Lenalidomide

44/360 (12)

44/362 (12)

88/722 (12)

Thalidomide

157/360 (44)

170/362 (47)

327/722 (45)

41/193 (21)

50/204 (25)

91/397 (23)

Characteristic
Prior immunomodulatory drug therapy — no./
total no. (%)

Disease refractory to any prior immunomodulatory drug therapy††

*	There were no significant differences at baseline between the two groups in the characteristics shown.
†	Race was self-reported.
‡	Eastern Cooperative Oncology Group (ECOG) performance status is scored on a scale from 0 to 5, with 0 indicating
no symptoms and higher scores indicating increasing disability related to tumor.
§	The International Staging System (ISS) consists of three stages: stage I, serum β2-microglobulin level lower than 3.5
mg per liter (300 nmol per liter) and albumin level 3.5 g per deciliter or higher; stage II, neither stage I or III; and
stage III, serum β2-microglobulin 5.5 mg per liter or higher (470 nmol per liter). Higher stages indicate more severe
disease.
¶	High-risk cytogenetic abnormalities were detected by fluorescence in situ hybridization (FISH) analysis and were defined as chromosome 17p deletion [del(17p)], translocation between chromosomes 4 and 14 [t(4;14)], and translocation between chromosomes 14 and 16 [t(14;16)]. A total of 36 patients in the ixazomib group and 33 patients in the
placebo group had del(17p) alone or in combination with either t(4;14) or t(14;16) or both; 36 and 25 patients, respectively, had t(4;14) alone; and 3 and 4 patients, respectively, had t(14;16) alone. Standard-risk cytogenetic abnormalities were defined as the absence of high-risk abnormalities in the samples that were available for evaluation;
samples from some patients were not available for testing because the sample was missing or clotted or for other
reasons. In accordance with the protocol, the cutoff values for defining the presence of high-risk cytogenetic abnormalities were established by the central diagnostic laboratory on the basis of the false positive rates (or technical cutoff values) of the FISH probes that we used. These cutoff points were 5% positive cells for del(17p), 3% positive cells
for t(4;14), and 3% positive cells for t(14;16).
‖	The number of prior therapies was determined by the sponsor in a blinded medical review of data on prior therapy.
**	Refractoriness to any prior proteasome inhibitor therapy was determined by the sponsor in a blinded medical review.
††	All the patients had disease that had been refractory to prior therapy with thalidomide, except for one patient in the
placebo group, who, on further blinded medical review by the sponsor, was determined to have disease that had been
refractory to prior therapy with lenalidomide. Percentages are shown are those patients who received prior therapy
with immunomodulatory drugs.

principle of group sequential design, this was
the final statistical analysis of progression-free
survival. According to the protocol, the study
continued in a double-blind manner to gain more
mature data on overall survival; a second prespecified analysis at a median follow-up of approximately 23 months was conducted to assess
survival.
The intention-to-treat population, which included all patients who underwent randomization, was evaluated for all primary and secondary
efficacy analyses. The safety population included
all patients who received at least one dose of a
study drug or placebo. Additional details regarding the populations included in our analyses are
provided in the Supplementary Appendix. The
Kaplan–Meier method was used to estimate
time-to-event distributions, and stratified logrank tests and Cox models, at a two-sided alpha
level of 0.05, were used for between-group comparisons of time-to-event end points. We per-
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formed prespecified subgroup analyses of progression-free survival, including in subgroups
defined according to cytogenetic characteristics.
A stratified Cochran–Mantel–Haenszel chi-square
test was used to assess between-group differences in response rates.

R e sult s
Patients

A total of 722 patients at 147 sites in 26 countries were enrolled in the study from August 28,
2012, to May 27, 2014 (Fig. S1 in the Supplementary Appendix). Baseline characteristics of the
patients in the intention-to-treat population were
well balanced between the study groups (Table 1).
The results of cytogenetic analysis were available
for 76% of the patients and showed that 19% of
the intention-to-treat population had high-risk
cytogenetic abnormalities, including 10% with
del(17p).
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At the time of data cutoff for the first analysis (October 30, 2014), the median follow-up
was 14.8 months in the ixazomib group and
14.6 months in the placebo group. As assessed
by an independent review committee, 129 events
of disease progression or death occurred in the
ixazomib group and 157 in the placebo group.
The median progression-free survival was 20.6
months in the ixazomib group and 14.7 months
in the placebo group and the hazard ratio for
disease progression or death was 0.74 (95% confidence interval [CI], 0.59 to 0.94; P=0.01), representing a 40% longer progression-free survival
with ixazomib plus lenalidomide–dexamethasone as compared with placebo plus lenalidomide–dexamethasone. Because the primary end
point of progression-free survival was significantly longer in the ixazomib group than in the
placebo group, no further statistical testing of
this end point was performed.
The benefit with respect to progression-free
survival was consistent in all key prespecified
patient subgroups (Fig. 1B), including patients
with a poor prognosis, such as those with highrisk cytogenetic abnormalities, those with International Staging System stage III disease, those
older than 75 years of age, and those who had
received two or three prior therapies; no significant interactions were observed between these
subgroups and study-group assignment. The
median progression-free survival among the
patients with high-risk cytogenetic abnormalities (75 patients in the ixazomib group and 62
patients in the placebo group) was 21.4 months
and 9.7 months, respectively (hazard ratio for
disease progression or death in the ixazomib
group, 0.54; 95% CI, 0.32 to 0.92; P = 0.02); the
median progression-free survival among the
patients with del(17p) (36 patients in the ixazomib group and 33 in the placebo group) was
21.4 months and 9.7 months, respectively (hazard ratio, 0.60; 95% CI, 0.29 to 1.24), and,
among the patients with t(4;14) without del(17p)
or t(14;16) (36 patients in the ixazomib group
and 25 in the placebo group), was 18.5 months
and 12.0 months, respectively (hazard ratio,
0.65; 95% CI, 0.25 to 1.66).
Overall rates of response were 78.3% in the
ixazomib group and 71.5% in the placebo group
(P = 0.04) (Table 2). The responses were rapid
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Figure 1 (facing page). Kaplan–Meier Analysis
of Progression-free Survival.
Data are from the final statistical analysis for progression-free survival. ISS denotes International Staging
System (stage I, serum β2-microglobulin level <3.5 mg
per liter [300 nmol per liter] and albumin level ≥3.5 g per
deciliter; stage II, neither stage I nor III; and stage III,
serum β2-microglobulin ≥5.5 mg per liter [470 nmol per
liter] — higher stage indicates more advanced disease)
and NE could not be estimated.

and durable (Table 2) and deepened with increasing duration of treatment (i.e., more people
had a response and the type of response also got
better over time, with more people having a very
good partial response or a complete response)
(Fig. S2 in the Supplementary Appendix).
Because the primary end point of progression-free survival was significantly longer in the
ixazomib group than in the placebo group and
because the groups did not differ significantly
with respect to overall survival at the first analysis, a subsequent analysis of overall survival at a
data-cutoff date of July 12, 2015, was performed;
the median follow-up was 23 months. The median overall survival had not yet been reached in
either study group; 171 deaths had occurred by
the 23-month analysis (81 in the ixazomib group
and 90 in the placebo group), which represents
35% of the prespecified number of deaths required for final analysis of overall survival, and
follow-up is ongoing (for additional details regarding the subsequent analysis, see the Supplementary Appendix).
Safety

Safety data were evaluated at both the first and
second analyses. The safety profile with the longer duration of exposure (second analysis) was
consistent with the safety profile with the
shorter duration of exposure (first analysis). At
the 23-month analysis, the safety population
included 361 patients in the ixazomib group and
359 in the placebo group (Fig. S1 in the Supplementary Appendix). Patients in the ixazomib
group received treatment for a median of 17 cycles (range, 1 to 34), and those in the placebo
group received treatment for a median of 15 cycles (range, 1 to 34) (48% and 43% of patients in
the respective study groups received treatment
for ≥18 cycles, and 20% and 19% received treat-
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A Progression-free Survival in the Intention-to-Treat Population
Probability of Progression-free Survival (%)

100

80

60

Ixazomib group
Hazard ratio, 0.74 (95% CI, 0.59–0.94)
P=0.01

40

20

0

Median
Progression-free
Survival (mo)

No. of Events
of Progression
or Death

20.6

129

14.7

157

Ixazomib Group
Placebo Group
0

2

4

6

8

10

Placebo group

12

14

16

18

20

22

24

Months since Randomization
No. at Risk
Ixazomib group
Placebo group

360 345 332 315 298 283 270 248 233 224 206 182 145 119 111
362 340 325 308 288 274 254 237 218 208 188 157 130 101 85

95
71

72
58

58
46

44
31

34
22

26
15

14
5

9
3

1
0

0
0

B Subgroup Analysis
Subgroup

Ixazomib Placebo
Group
Group

Ixazomib Placebo
Group
Group

Hazard Ratio (95% CI)

360

median progression-free survival (mo)
14.7
20.6
362

168
145
47

176
125
61

20.6
17.5
18.5

14.1
17.6
13.1

0.68
0.83
0.87

314
46

318
44

21.4
18.4

15.7
10.1

0.75
0.72

199
75

216
62

20.6
21.4

15.6
9.7

0.64
0.54

224
97
39

217
111
34

20.6
17.5
NE

15.9
14.1
10.2

0.83
0.75
0.37

250
110

253
109

18.4
NE

13.6
15.7

0.74
0.75

193
167

204
158

NE
20.6

17.5
13.6

0.74
0.70

59
301

55
307

NE
20.6

NE
14.1

0.71
0.74

276
42
41

280
40
42

18.7
NE
NE

15.6
13.0
13.1

0.77
0.78
0.51

no. of patients
All patients
Age
≤65 yr
>65–75 yr
>75 yr
ISS stage (stratification factor)
I or II
III
Cytogenetic risk
Standard risk
High risk
No. of prior therapies
1
2
3
Proteasome inhibitor
Exposed
Not exposed
Prior immunomodulatory drug therapy
Exposed
Not exposed
Refractory to last prior therapy
Yes
No
Relapsed or refractory
Relapsed
Refractory
Relapsed and refractory

0.25

0.74

0.50

Ixazomib Better
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Table 2. Best Confirmed Responses to Study Regimen and Time to Progression in the Intention-to-Treat Population.*
Variable

Ixazomib Group
(N = 360)

Placebo Group
(N = 362)

282 (78)

259 (72)

74–83

67–76

Overall response rate

P Value
0.04

Patients with response — no. (%)
Response rate, 95% CI — %
≥Very good partial response

0.01

Patients with response — no. (%)
Response rate, 95% CI — %

173 (48)

141 (39)

43–53

34–44

Best response
Complete response

0.02

Patients with response — no. (%)

42 (12)

24 (7)

9–15

4–10

Patients with response — no. (%)

9 (2)

3 (<1)

Response rate, 95% CI — %

1–5

<1–2

240 (67)

235 (65)

62–72

60–70

Response rate, 95% CI — %
Stringent complete response†‡

—

Partial response

—

Patients with response — no. (%)
Response rate, 95% CI — %
Very good partial response†

—

Patients with response — no. (%)

131 (36)

117 (32)

Response rate, 95% CI — %         

31–42

28–37

40 (11)

59 (16)

8–15

13–21

1.1

1.9

Stable disease

—

Patients with response — no. (%)
Response rate, 95% CI — %
Median time to response — mo§

0.009

Median duration of response (≥partial response) — mo

20.5

15.0

—

Median time to disease progression — mo¶

21.4

15.7

0.007

*	The best confirmed responses to the study regimen were assessed by an independent review committee in a blinded
manner at the 15-month analysis. P values were calculated for protocol-defined end points.
†	Stringent complete response is a subset of complete response, and very good partial response is a subset of partial
response.
‡	Criteria for a stringent complete response include the criteria for a complete response plus a normal free light-chain
ratio and absence of clonal plasma cells as assessed by immunohistochemical analysis or by two-color to four-color
flow cytometry (details on the criteria for disease responses are provided in the Supplementary Appendix).
§	The median time to response in patients who had a response was 1.0 month in the ixazomib group and 1.1 month in
the placebo group.
¶	For median time to disease progression, the hazard ratio in the ixazomib group was 0.71 (95% CI, 0.56 to 0.91). A Kaplan–
Meier analysis of time to disease progression is provided in Figure S3 in the Supplementary Appendix.

ment for ≥25 cycles). The assigned study regimen
was discontinued in 62% of the patients in the
ixazomib group and in 63% of the patients in
the placebo group (Table S3 in the Supplementary
Appendix). The main reasons for discontinuation of the study regimen were disease progression, which was the reason for discontinuation
in 34% of the patients in the ixazomib group
and in 40% of the patients in the placebo group,
1628
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and adverse events, which were the reason for
discontinuation in 17% and 14% of the patients,
respectively. The median relative dose intensity
for lenalidomide and dexamethasone was similar in the two study groups; the median relative
dose intensity for ixazomib was 97.4% and for
placebo was 98.8% (Table S4 in the Supplementary Appendix).
The safety profiles at the 23-month analysis

nejm.org

April 28, 2016

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on June 22, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

Ixazomib, Lenalidomide, and Dexamethasone for Myeloma

Table 3. Overall Safety Profile at the 23-Month Analysis in the Safety Population.*
Ixazomib Group
(N = 361)

Variable
Median follow-up — mo†

Placebo Group
(N = 359)

23.3

22.9

Median treatment cycles (range) — no.

17 (1–34)

15 (1–34)

Any adverse event — no. (%)

355 (98)

357 (99)

Any grade ≥3 adverse event — no. (%)

267 (74)

247 (69)

Any serious adverse event — no. (%)

168 (47)

177 (49)

Adverse event resulting in dose reduction of any drug — no. (%)

203 (56)

181 (50)

Adverse event resulting in discontinuation of any agent — no. (%)‡

91 (25)

73 (20)

Adverse event resulting in discontinuation of the study regimen — no. (%)§

60 (17)

50 (14)

Death during the treatment period — no. (%)¶

15 (4)

23 (6)

*	The safety population included all patients who received at least one dose of a study drug or placebo. Adverse events
were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
†	Among the 360 patients who were randomly assigned to the ixazomib group, 2 did not receive any study regimen, and
at the first interim analysis, 2 of the 362 patients who were randomly assigned to the placebo group received limited
dosing of ixazomib by mistake and were therefore conservatively included in the ixazomib group for analyses of exposure and safety. At the second interim analysis, a third patient from the placebo group who received limited dosing of
ixazomib by mistake was included in the ixazomib group for analyses of exposure and safety.
‡	Discontinuation of any agent was defined as discontinuation of one or more of the three agents in the assigned study
regimen.
§	Discontinuation of the study regimen was defined as discontinuation of the full study regimen and included discontinuation because of disease progression.
¶	Death during the treatment period was recorded through 30 days after receiving the last dose of the study drug or placebo.

are summarized in Table 3; the rates of serious
adverse events, discontinuation of the study regimen because of adverse events, and death during
the treatment period (recorded through 30 days
after receiving the last dose of the study drug or
placebo) were similar in the ixazomib group and
the placebo group. The most common hematologic and nonhematologic adverse events are
summarized in Table 4.
Thrombocytopenia, an overlapping adverse
event that is seen with ixazomib and lenalidomide–dexamethasone,14,17-19 was reported in 31%
of the patients in the ixazomib group and in
16% of the patients in the placebo group; thrombocytopenia of grade 3 and of grade 4 occurred
more frequently in the ixazomib group (12% and
7%, respectively) than in the placebo group (5%
and 4%, respectively). Transient and cyclical decreases in platelet count were observed in both
study groups. The rate of platelet transfusion
was similar in the two groups (8% in the ixazomib group and 6% in the placebo group), as were
the rates of serious adverse events of thrombocytopenia (2% in each group) and discontinuation of the study regimen because of thrombocytopenia (1% in each group).
n engl j med 374;17

Nonhematologic adverse events that have
been observed to occur both with the use of ixazomib and with the use of lenalidomide–dexamethasone include gastrointestinal events and
rash.14,17-19 Gastrointestinal events were more
common in the ixazomib group than in the placebo group, but they were observed primarily
within the first 3 months after initiation of
therapy and were low grade and manageable
with supportive therapy; 22% of the patients in
the ixazomib group and 19% in the placebo
group received antidiarrheal agents, and 21%
and 13%, respectively, received antiemetic drugs.
The medical management of diarrhea included
the use of antidiarrheal agents (primarily loperamide) and dose adjustment of lenalidomide or
ixazomib. The incidence of rash (data were based
on a standardized Medical Dictionary for Regulatory
Activities [MedDRA] query) was 36% in the ixazomib group and 23% in the placebo group; the
difference between groups was driven primarily
by grade 1 and grade 2 events. The rash events
occurred primarily in the first 3 months after
initiation of the study regimen and were frequently self-limiting; 21% of the patients in the
ixazomib group and 12% in the placebo group
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reported that the events had resolved without
intervention. The medical management of rash
included the use of antihistamines (primarily
cetirizine) or topical glucocorticoids and dose
adjustment to manage symptoms.
Peripheral neuropathy is a known side effect
of bortezomib, a first-in-class proteasome inhibitor.20 The incidence of peripheral neuropathy
was 27% in the ixazomib group (15% had grade
1 events and 10%, grade 2 events) and 22% in

of
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the placebo group (14% had grade 1 events and
6%, grade 2 events); 2% of patients in each study
group had grade 3 events, and no grade 4 or 5
events or serious adverse events of peripheral
neuropathy were reported. The incidence of peripheral neuropathy with pain was 4% in the
ixazomib group and 3% in the placebo group.
No between-group differences were observed
with respect to the rates of heart failure (4% in
each study group) and arrhythmias (16% in the

Table 4. Common Adverse Events and Other Adverse Events of Clinical Importance in the Safety Population at the 23-Month Analysis.*
Adverse Event

Ixazomib Group (N = 361)
Any Grade

Grade 3

Placebo Group (N = 359)

Grade 4

Any Grade

Grade 3

Grade 4

number of patients (percent)
Common hematologic adverse events of any
cause†
Neutropenia‡

118 (33)

64 (18)

17 (5)

111 (31)

63 (18)

22 (6)

Thrombocytopenia‡

112 (31)

43 (12)

26 (7)

57 (16)

19 (5)

13 (4)

Anemia

103 (29)

34 (9)

0

98 (27)

48 (13)

0

164 (45)

23 (6)

0

139 (39)

9 (3)

0

131 (36)

18 (5)

0

82 (23)

6 (2)

0

72 (20)

9 (2)

0

45 (13)

6 (2)

0

1 (<1)

Common nonhematologic adverse events of any
cause†
Diarrhea
Rash§
Standardized MedDRA query
High-level term
Constipation

126 (35)

0

94 (26)

Fatigue

106 (29)

13 (4)

0

102 (28)

1 (<1)

Nausea

104 (29)

6 (2)

0

79 (22)

0

0

Peripheral edema

101 (28)

8 (2)

0

73 (20)

4 (1)

0

Peripheral neuropathy‡

97 (27)

9 (2)

0

78 (22)

6 (2)

0

Back pain

87 (24)

3 (<1)

0

62 (17)

9 (3)

0

Vomiting

84 (23)

4 (1)

0

42 (12)

2 (<1)

0

Upper respiratory tract infection

83 (23)

2 (<1)

0

70 (19)

3 (<1)

0

Nasopharyngitis

81 (22)

0

0

73 (20)

0

0

Insomnia

73 (20)

7 (2)

0

98 (27)

11 (3)

0

Muscle spasms

66 (18)

0

0

95 (26)

Arrhythmias‡¶

56 (16)

17 (5)

3 (<1)

53 (15)

10 (3)

1 (<1)

Thromboembolism‡¶

29 (8)

9 (2)

2 (<1)

38 (11)

11 (3)

1 (<1)

Liver impairment‡

26 (7)

7 (2)

0

21 (6)

4 (1)

0

22 (6)

11 (3)

0

18 (5)

4 (1)

0

0

0

0

0

0

4 (1)

0

21 (6)

1 (<1)

0

10 (3)

2 (<1)

0
0

0

Other adverse events of clinical interest

Hypertension
Any
Hypertensive crisis
Hypotension‡¶
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Table 4. (Continued.)
Adverse Event

Ixazomib Group (N = 361)
Any Grade

Grade 3

Placebo Group (N = 359)

Grade 4

Any Grade

Grade 3

Grade 4

number of patients (percent)
Heart failure‡¶

16 (4)

7 (2)

2 (<1)

14 (4)

4 (1)

2 (<1)

Acute renal failure‡

31 (9)

7 (2)

2 (<1)

41 (11)

12 (3)

4 (1)

Myocardial infarction‡¶

5 (1)

0

3 (<1)

8 (2)

2 (<1)

2 (<1)

Encephalopathy‡

2 (<1)

2 (<1)

0

4 (1)

0

0

Interstitial lung disease‡

4 (1)

1 (<1)

1 (<1)

7 (2)

2 (<1)

0

New primary malignant tumor‡‖

17 (5)

NA

NA

14 (4)

NA

NA

*	Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
Among the 360 patients who were randomly assigned to the ixazomib group, 2 did not receive any study regimen, and at the second interim
analysis, 3 of the 362 patients who were randomly assigned to the placebo group received limited dosing of ixazomib by mistake and were
therefore conservatively included in the ixazomib group for analyses of exposure and safety. NA denotes not applicable.
†	This adverse event was reported in at least 20% of the patients in either group.
‡	Data were based on a standardized Medical Dictionary for Regulatory Activities (MedDRA) query that incorporated pooled preferred terms or
multiple preferred terms. “Thrombocytopenia” was coded according to the preferred terms of thrombocytopenia and decreased platelet
count. “Neutropenia” was coded according to the preferred terms of neutropenia and decreased neutrophil count. “Peripheral neuropathy”
represents the high-level term peripheral neuropathies not elsewhere classified, excluding neuritis; preferred terms included peripheral neuropathy, peripheral sensory neuropathy, and peripheral motor neuropathy.
§	Data for the “standardized MedDRA query” for rash were based on a standardized MedDRA query that pooled 27 preferred terms; data for
the “high-level term” for rash were taken from the high-level term of rashes, eruptions, and exanthems not elsewhere classified, according
to the data on rash reported in the U.S. prescribing information.
¶	In addition, grade 5 arrhythmia was reported in two patients in the ixazomib group and in three patients in the placebo group; grade 5
thromboembolism was reported in one patient in each group; grade 5 hypotension was reported in one patient in the ixazomib group;
grade 5 heart failure was reported in one patient in the ixazomib group and in three patients in the placebo group; and grade 5 myocardial
infarction was reported in one patient in the ixazomib group and in two patients in the placebo group.
‖	New primary malignant tumor was an event of special interest; the data shown include adverse-event data and data from the follow-up period
of the study.

ixazomib group and 15% in the placebo group),
as well as in the rates of hypertension (6% and
5%, respectively) and myocardial infarction (1%
and 2%). At the 23-month analysis there was no
significant difference in the rate of new primary
malignant tumor (5% in the ixazomib group
and 4% in the placebo group). At the 23-month
analysis, EORTC QLQ-C30 and QLQ-MY20 scores
indicated similar patient-reported quality of life
in the ixazomib group and the placebo group
over the course of the follow-up (Fig. S4 in the
Supplementary Appendix).

Discussion
This study showed that in patients with relapsed, refractory, or relapsed and refractory
myeloma, treatment with oral ixazomib plus
lenalidomide–dexamethasone was associated
with significantly longer progression-free survival — by a median duration of approximately
6 months — than the progression-free survival
n engl j med 374;17

observed with the use of placebo plus lenalidomide–dexamethasone. An overall survival benefit has not yet been shown. On the basis of the
data from this study, the Food and Drug Administration approved the use of ixazomib in combination with lenalidomide and dexamethasone
for the treatment of multiple myeloma in patients
who have received at least one prior therapy.21
The benefit of the ixazomib regimen with
respect to progression-free survival was observed
consistently in all key prespecified subgroups,
including in the subgroups of patients with a
poor prognosis, such as elderly patients, those
who have received two or three prior therapies,
those with advanced-stage disease, and those with
high-risk cytogenetic abnormalities, for whom
lenalidomide–dexamethasone has been shown
to be a less effective treatment on the basis of
emerging data.22 Data on median progressionfree survival suggest that an ixazomib regimen
may improve the prognosis for patients with
high-risk cytogenetic features, which have tradi-
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tionally been associated with a poor prognosis,
by lengthening the progression-free survival to a
point that is similar to that among patients with
standard-risk cytogenetic features.23 In accordance with the protocol, the cutoff values for
defining the presence of these cytogenetic abnormalities were established by the central diagnostic laboratory on the basis of the false positive rates (or technical cutoff values) of the
fluorescence in situ hybridization probes we used.
These cutoff values differed from those used in
other studies8,24,25; standard clinical cutoff values
remain an area of investigation.
The reported clinical benefit in our trial is
consistent with findings from previous reports
that have shown triplet regimens to be more
efficacious than doublet regimens4-8 — particularly two previous studies of lenalidomide–dexamethasone plus a third agent versus lenalido
mide–dexamethasone in patients with early
relapsed multiple myeloma.8,24 However, the results with respect to response rates and median
progression-free survival differ among the studies. In our study, the median progression-free
survival was 20.6 months in the ixazomib group
and 14.7 months in the placebo group; in the
study by Stewart et al.,8 the median progressionfree survival was 26.3 months in the group that
received carfilzomib plus lenalidomide–dexamethasone and 17.6 months in the group that
received lenalidomide–dexamethasone alone, and
in the study by Lonial et al.,24 the median progression-free survival was 19.4 months in the
group that received elotuzumab plus lenalidomide–dexamethasone and 14.9 months in the
group that received lenalidomide–dexamethasone
alone. However, cross-trial comparisons are confounded by differences in study designs, methods,
and patient populations (e.g., differences in the
inclusion of patients with renal impairment,
primary refractory disease, and measurable levels
of disease as measured by serum free light-chain
assay only). Nevertheless, the relative benefit of
these triplet regimens over lenalidomide–dexamethasone, as evaluated by hazard ratios, appeared to be consistent, with hazard ratios of
0.74 (current study), 0.69,8 and 0.70.24
An increased focus on continuous therapy8,9,17,26,27 has heightened the need for regimens
that have acceptable side-effect profiles, that
allow quality of life to be maintained, and that
are easy to administer. The duration of therapy
1632
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with the ixazomib regimen was notable; almost
half the patients had received treatment for at
least 18 cycles at the 23-month analysis. The
rates of adherence to the ixazomib regimen and
the placebo regimen appeared to be high and
were similar in the two groups, a finding that is
consistent with the observed side-effect profiles;
these findings suggest that the all-oral ixazomib
regimen was as simple and convenient for patients to follow as the placebo regimen. No adverse effect on quality of life was reported by the
patients in the ixazomib group in this doubleblind study. In considering this finding in the
context of quality-of-life data from other studies,
it should be noted that there is a tendency to
overestimate the benefit on quality of life in
open-label studies.28 This finding should also
be considered in the context of the limitations
of existing instruments.29,30
The rates of serious adverse events, discontinuation of the study regimen because of adverse
events, and death during the study period were
similar in the two groups, and the only adverse
event of grade 3 or higher for which there was at
least a 5% difference between the ixazomib and
placebo groups was thrombocytopenia, a known
side effect of bortezomib and carfilzomib,31,32
for which there were no apparent clinical sequelae. No cardiac, renal, or respiratory safety
signals were associated with the use of ixazomib. The addition of ixazomib to a regimen of
lenalidomide–dexamethasone resulted in a higher rate of peripheral neuropathy (27% in the ixazomib group and 22% in the placebo group),
and 2% of patients in the ixazomib group had
grade 3 events, as compared with 6% of patients
who received subcutaneous bortezomib33 and 3%
of patients who received carfilzomib8 in other
studies.
In conclusion, the addition of ixazomib to a
regimen of lenalidomide–dexamethasone led to
significantly longer progression-free survival in
patients with relapsed, refractory, or relapsed
and refractory multiple myeloma, with limited
additional toxic effects; in consideration of its
adverse-event profile and efficacy, this all-oral
regimen provides an additional therapeutic option for patients with relapsed, refractory, or
relapsed and refractory multiple myeloma.34
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