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Abstract
In the TOURMALINE-MM3 study, post-autologous stem cell transplantation maintenance therapy with the oral proteasome
inhibitor ixazomib versus placebo significantly improved progression-free survival (PFS), with a favorable safety profile.
With ixazomib versus placebo maintenance, deepening responses occurred in 139/302 (46%) versus 60/187 (32%) patients
with very good partial response or partial response (VGPR/PR) at study entry (relative risk 1.41, P= 0.004), and median
time to best confirmed deepened response was 19.9 versus 30.8 months (24-month rate: 54.2 versus 41.4%; hazard ratio
(HR): 1.384; P= 0.0342). Median PFS in patients with VGPR/PR at study entry was 26.2 versus 18.5 months (HR: 0.636,
P < 0.001) with ixazomib versus placebo; in a pooled analysis across arms, in patients with versus without
deepening responses, the median PFS was not reached versus 15.9 months (HR: 0.245, P < 0.001). In patients with
deepening responses, 24-month PFS rate was 77.4 versus 68.3% with ixazomib versus placebo (HR: 0.831; P= 0.466); in
patients without deepening responses, median PFS was 17.9 versus 14.1 months (HR: 0.741; P= 0.028). These analyses
demonstrate the significantly higher rate of deepening responses with ixazomib versus placebo maintenance and the
association between deepening response and prolonged PFS.

Introduction

Depth of response in multiple myeloma (MM) is an
important prognostic factor that is strongly associated with
progression-free survival (PFS) and overall survival (OS).
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Specifically, deepening response has been correlated to
prolonged PFS and OS [1, 2], including in the post-
autologous stem cell transplantation (ASCT) maintenance
therapy setting [3, 4], confirming the prognostic importance
of continued sensitivity to treatment and ongoing elimina-
tion of the MM disease burden.

Post-ASCT maintenance therapy is becoming widely
used in the treatment of patients with newly diagnosed MM
[5]. Lenalidomide is the only agent currently approved in
this setting [6], having demonstrated significant PFS and OS
benefits in phase 3 clinical trials [7–11] and in a meta-
analysis [12]. Data have shown that lenalidomide treatment
results in deepening responses in a proportion of patients
who commence maintenance therapy having achieved less
than a complete response (CR) following ASCT. In the
phase 3, IFM 2005-02 trial of lenalidomide versus placebo
the rate of CR plus very good partial response (VGPR) was
increased by 23 versus 17 percentage points during lenali-
domide maintenance versus placebo, which also resulted in
a significant improvement in PFS versus placebo [7].
Similarly, in the recently reported Myeloma XI trial, post-
ASCT maintenance with lenalidomide versus observation
resulted in a significantly prolonged PFS (hazard ratio (HR):
0.48; median 57 versus 30 months) [9], and preliminary
data presented on the rates of deepening response showed
improved responses (to CR/VGPR) in 15.8 versus 11.0% of
patients [13].

There is a need for additional treatment options as post-
ASCT maintenance therapy, as MM is a heterogeneous
disease [14] that may have differential sensitivity to ther-
apeutic classes of agents with different modes of action.
Moreover, MM patients have different disease character-
istics that may make the use of a particular drug or class of
agent more appropriate than another; additionally, long-
term use of some agents may be limited by their parenteral
route of administration. The Dutch–Belgian Cooperative
Trial Group for Hematology Oncology-65/German-speak-
ing Myeloma Multicenter Group-HD4 phase 3 trial com-
pared bortezomib–doxorubicin–dexamethasone (PAD)
induction and bortezomib maintenance after high-dose
melphalan and ASCT with vincristine–doxorubicin–dex-
amethasone (VAD) induction and thalidomide maintenance
post-ASCT in MM patients aged 18–65 years. After a
median follow-up of 96 months, PFS (with censoring at
allogeneic transplantation) was significantly prolonged in
the PAD-bortezomib versus VAD-thalidomide arm. The
negative prognostic effects of deletion 17p13 and renal
impairment at baseline on PFS and OS were partially
abrogated in the PAD-bortezomib but not in the VAD-
thalidomide arm [15, 16]. However, in the absence of a
second randomization, the study was not able to isolate the
maintenance effect of bortezomib versus thalidomide, and
there remained the need for a proof-of-concept randomized

controlled study of a proteasome inhibitor as post-ASCT
maintenance.

The recently reported phase 3, double-blind, placebo-
controlled TOURMALINE-MM3 study (NCT02181413)
investigated the use of the oral proteasome inhibitor ixa-
zomib versus placebo as post-ASCT maintenance therapy in
newly diagnosed MM patients [17], the first such com-
parative study of a proteasome inhibitor in this setting. The
primary endpoint was PFS and the trial demonstrated a 39%
improvement in PFS with ixazomib versus placebo (median
26.5 versus 21.3 months; HR: 0.72, 95% confidence inter-
val (CI): 0.58–0.89; P= 0.0023), with a favorable safety
profile for ixazomib in this setting [17]. Response rates,
including improvement and durability of response, were
among the secondary endpoints of the study. Here we report
comprehensive analyses on improvements seen in depth of
response over the course of the study and the impact of
these deepening responses on outcomes in TOURMALINE-
MM3.

Subjects and methods

The patient eligibility criteria and study design of the
international, multicenter, double-blind, placebo-con-
trolled, phase 3 TOURMALINE-MM3 study have been
reported previously [17]. Briefly, NDMM patients with
adequate hematologic, hepatic, and renal function who
had received standard-of-care induction therapy followed
by a single ASCT and who had achieved at least a partial
response (≥PR) were randomized in a 3:2 ratio to receive
ixazomib (N= 395) or matching placebo (N= 261) on
days 1, 8, and 15 of 28-day cycles for up to 2 years or
until progressive disease or unacceptable toxicity. The
ixazomib dose was 3 mg in cycles 1–4 and 4 mg from
cycle 5 if tolerated in cycles 1–4. Randomization was
stratified by three factors: induction regimen (regimen
containing a proteasome inhibitor but not an immuno-
modulatory drug versus regimen containing an immuno-
modulatory drug but not a proteasome inhibitor versus
regimen containing both an immunomodulatory drug
and a proteasome inhibitor); International Staging
System (ISS) disease stage prior to induction (stage I
versus stage II or III); and post-ASCT response (CR or
VGPR versus PR). All patients provided written informed
consent.

Patients were assessed for response and disease pro-
gression according to the International Myeloma Working
Group 2011 criteria [18], with responses evaluated by an
independent review committee (IRC). Assessments were
conducted every treatment cycle and then every 4 weeks
until disease progression. Minimal residual disease (MRD)
was assessed in bone marrow aspirate samples collected at
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screening, as well as after 13 and 26 cycles, by eight-color
flow cytometry with a sensitivity of 10−5.

The primary endpoint of TOURMALINE-MM3 was
PFS per IRC assessment. The secondary endpoints included
the rate of response improvement among patients who had a
response of VGPR or PR at study entry. The aims of the
present analyses were to evaluate the rates and timing of
response improvement during ixazomib versus placebo
maintenance and the impact of deepening of response on
PFS. Rates of deepening of response were determined for
the ixazomib and placebo groups, and a relative risk
(including 95% CI) for achieving deepening of response
was calculated; rates of deepening of response were com-
pared between groups using a Cochran–Mantel–Haenszel
test stratified by response at study entry. Rates of deepening
of response were similarly compared between patients who
were MRD-negative versus MRD-positive at study entry in
a pooled analysis across arms.

PFS distributions were estimated using Kaplan–Meier
methodology, with events defined as disease progression or
death. Patients without events were censored at the date of
last response assessment. A Cox proportional-hazard
regression model stratified per the randomization stratifi-
cation factors was used to determine HRs and 95% CIs for
comparisons of PFS between patient groups. P values were
determined based on stratified log-rank tests for compar-
isons between subgroups defined by treatment arm, and
a non-stratified log-rank test for the comparison
between patients with and without deepening responses,
regardless of treatment arm. Time to best deepened response
was similarly evaluated and compared between groups,
with the P value determined based on a non-stratified
log-rank test, and events defined as achievement of best
deepened response; patients without events were
censored at the date of first documentation of progressive
disease, or the last response assessment that was stable
disease or better.

Results

Patients

Patient demographics and disease characteristics were
well-balanced between the ixazomib and placebo arms in
the TOURMALINE-MM3 study (Table 1) [17]. Overall,
29% of patients had ISS stage III at diagnosis, 89% of
patients had received induction therapy containing a
proteasome inhibitor, including 30% who received a
proteasome inhibitor plus an immunomodulatory drug,
and 15% and 21% of patients in the ixazomib and placebo
arms, respectively, had high-risk cytogenetics at diag-
nosis, defined as the presence of del(17p), t(4;14), and/or t
(14;16). Per IRC assessment, at study entry 60 (15%), 213
(54%), and 89 (23%) patients in the ixazomib arm had a
response of CR, VGPR, and PR, respectively, compared
with 54 (21%), 152 (58%), and 35 (13%) patients in the
placebo arm. At the time of this analysis, median follow-
up was 30.9 months in the ixazomib arm and 31.3 months
in the placebo arm. Patients in the ixazomib arm received
a median of 25 cycles (range 1–26) of treatment and
patients in the placebo arm received a median of 22 cycles
(range 1–26).

PFS in patients with CR, VGPR, or PR at study entry

PFS benefit with ixazomib versus placebo according to the
response at study entry has been reported previously [17]; in
patients with CR, VGPR, or PR (based on patient-level
data) at study entry, median PFS was 36.1 versus
25.8 months (HR: 0.88), 27.4 versus 21.3 months (HR:
0.69), and 23.5 versus 13.9 months (HR: 0.69), respec-
tively. For the present analyses of PFS in patients with or
without deepening response, PFS was evaluated by
Kaplan–Meier analysis in 302 and 187 patients in the ixa-
zomib and placebo arms who had a response of VGPR or

Table 1 Patient and disease
characteristics at study entry by
treatment arm.

Ixazomib N= 395 Placebo N= 261

Median age, years (range) 58 (24–73) 60 (37–73)

Male, n (%) 252 (64) 162 (62)

Race—White/Asian,a n (%) 315 (80)/59 (15) 213 (82)/36 (14)

ISS stage I/II/III at diagnosis, n (%) 151 (38)/129 (33)/115 (29) 94 (36)/92 (35)/75 (29)

High-risk cytogenetics, n (%)b 61 (15) 54 (21)

Induction therapy (stratification factor), n (%)

PI-containing [with/without immunomodulatory drug] 352 (89) [118 (30)/234 (59)] 233 (89) [78 (30)/155 (59)]

Immunomodulatory drug but no PI 43 (11) 28 (11)

IRC independent review committee, ISS International Staging System, MRD minimal residual disease, PI
proteasome inhibitor.
aIn addition, race was reported as Black or African American in 7 (2%) patients in the ixazomib arm and in 3
(1%) patients in the placebo arm; 14 (4%) and 9 (3%) patients, respectively, were of other race or did not
have race reported.
bt(4;14), t(14;16), and/or del(17p).
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PR at study entry per IRC assessment. PFS among these
patients overall was longer in the ixazomib versus the pla-
cebo group (Fig. 1a); median PFS was 26.2 versus
18.5 months (HR: 0.636, P < 0.001), and 24-month PFS

rates were 54.6% (95% CI: 48.6, 60.1) versus 38.8% (95%
CI: 31.6, 45.9).

Rates of deepening of response

Deepening of response was evaluated in 302 and 187
patients in the ixazomib and placebo arms who had a
response of VGPR or PR at study entry per IRC assessment.
At data cut-off, among these patients, confirmed deepening
of responses (i.e., deeper response category confirmed by
two consecutive assessments) were seen in 139 (46%)
patients in the ixazomib group versus 60 (32%) patients in
the placebo group (relative risk: 1.41, P= 0.004); overall-
and individual-specific rates of deepening responses are
summarized in Table 2.

PFS by deepening of response

PFS was analyzed according to whether or not patients who
entered the study at VGPR or PR achieved a confirmed
deepening of response during or following study treatment.
A pooled analysis demonstrated that PFS was prolonged
among those who had deepening of responses versus those
who had no improvement in their response, regardless of
treatment arm (Fig. 1b); median PFS was not reached versus
15.9 months (HR: 0.252, P < 0.001).

Analysis by treatment arm and by deepening of
response showed that PFS was prolonged in patients who
had confirmed deepening of responses versus those with
no improvement in each arm individually (Fig. 1c). In
patients who had deepening of responses, the median PFS
was not reached in either the ixazomib or placebo group,
with 24-month PFS rates of 77.4% (95% CI: 69.4, 83.5)
and 68.3% (95% CI: 55.0, 78.5), respectively; the HR for
the difference in PFS between the groups was 0.831 (95%
CI: 0.504, 1.368; P= 0.466) in favor of ixazomib. In
patients who did not have deepening of responses, the
median PFS was 17.9 versus 14.1 months with ixazomib
versus placebo, with 24-month rates of 33.5% (95% CI:
26.0, 41.2) and 23.5% (95% CI: 16.1, 31.6), respectively;
the HR for PFS was 0.741 (P= 0.028) in favor of
ixazomib.
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Fig. 1 Kaplan–Meier estimates of progression-free survival (PFS).
a All patients with a response of very good partial response (VGPR) or
partial response (PR) at study entry, by treatment arm; b patients with
VGPR or PR at study entry who did or did not achieve a confirmed
deepening of response during or following study treatment, regardless
of treatment arm; and c patients with VGPR or PR at study entry who
did or did not achieve a confirmed deepening of response during or
following study treatment, by treatment arm. Response and progres-
sion are as assessed by the independent review committee. CI con-
fidence interval, HR hazard ratio, NE not estimable.
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Kinetics and factors predictive of deepening of
response

Time to best confirmed deepened response was evaluated
by Kaplan–Meier analysis in 302 and 187 patients in the
ixazomib and placebo arms who had a response of VGPR or
PR at study entry (Fig. 2). Median time to best confirmed
deepened response was shorter with ixazomib versus pla-
cebo (19.9 versus 30.8 months), and 24-month rates of
deepening of response were 54.2% versus 41.4%, respec-
tively. The HR for the comparison between groups was
1.384 in favor of ixazomib, indicating that there was a
38.4% improvement in the chance of deepening of response
over time with ixazomib versus placebo (P= 0.0342).

Cumulative rates of confirmed or unconfirmed (i.e., a
single response assessment showing a deeper response
category) deepening of response over time are shown in

Fig. 3 at 3-month intervals over the protocol-specified 2-
year treatment period. At 12 months, 80 patients (27%) in
the ixazomib arm had a deepening of response from VGPR
to CR, compared with 45 patients (24%) in the placebo arm;
similarly, 50 patients (17%) in the ixazomib arm had a
deepened response from PR to CR or VGPR, compared
with 11 (6%) in the placebo arm. Additional deepening of
responses were recorded in both groups beyond 12 months;
a further 20 (total: 100 [33%]) and 11 (total: 56 [30%])
VGPR patients on the ixazomib and placebo arms, respec-
tively, had deepening of responses to CR after this time
point (with 8 and 6 achieving response improvements
beyond 18 months), and a further 1 and 2 PR patients,
respectively, had deepening of responses to CR or VGPR.
Reflecting the overall rates of confirmed deepening of
responses, the overall proportion of patients with
deepening of response (confirmed or unconfirmed) was
higher in the ixazomib group versus the placebo group at
each time point.

In addition to treatment arm, baseline MRD status was
shown to be a strong predictor of deepening of response
among patients who had a VGPR or PR at study entry, with
an overall relative risk of achieving a deepening of response
of 2.066 (P < 0.001) in favor of patients who were MRD-
negative at study entry compared with those who were
MRD-positive. Overall and individual specific rates of
deepening of responses according to MRD status are sum-
marized in Table 3; 63% and 32% of patients who were
MRD-negative or MRD-positive at study entry, respec-
tively, demonstrated deepening of responses.

Discussion

The results of these analyses of the TOURMALINE-MM3
phase 3 study demonstrate that the achievement of dee-
pening of response during post-ASCT maintenance was
associated with prolonged PFS versus no response
improvement. Post-ASCT maintenance with ixazomib
resulted in a significantly higher rate of deepening of
response compared with placebo indicating that the

Table 2 Summary of deepening responses among patients with a response of very good partial response (VGPR) or partial response (PR) at study
entry, by treatment arm, as assessed by the independent review committee.

Ixazomib, n/N (%) Placebo, n/N (%) Relative risk (95% CI) P value

Patients who deepened to CR/patients in VGPR at study entry 92/213 (43) 48/152 (32) 1.368 (1.034, 1.810) 0.025

Patients who deepened to VGPR or better/patients in PR at
study entry

47/89 (53) 12/35 (34) 1.540 (0.935, 2.537) 0.063

Patients with any deepening response/patients in VGPR or PR at
study entry

139/302 (46) 60/187 (32) 1.407 (1.102, 1.797) 0.004

P values determined using a Cochran–Mantel–Haenszel test stratified by response at study entry.

CI confidence interval, CR complete response, PR partial response, VGPR very good partial response.
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Fig. 2 Kaplan–Meier estimate of time to best confirmed deepened
response from randomization among patients with a response of
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study entry, by treatment arm, as assessed by the independent
review committee. Patients who did not achieve a deepening response
are censored at the date of first documentation of progressive disease,
or the last response assessment that was stable disease or better. CI
confidence interval, HR hazard ratio.
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significant overall PFS benefit demonstrated with ixazomib
versus placebo in TOURMALINE-MM3 [17] may be partly
driven by enhanced ongoing anti-myeloma activity in a
higher proportion of patients in the ixazomib arm. The HR
for the difference in PFS between ixazomib and placebo
patients who had deepening of response was 0.831 (95%
CI: 0.504, 1.368), in favor of ixazomib. This limited benefit
may be due to the fixed duration of ixazomib maintenance
(~2 years) used in the study; in these favorable-prognosis
patients with longer PFS, the emerging benefit seen at
24 months (Fig. 1c) may have been sustained or enhanced
through the use of continued ixazomib maintenance. Pro-
longed follow-up would be needed to confirm whether a
more substantial effect was seen subsequent to achieving
maximal response depth in patients who had had a

deepening response. However, ixazomib did result in a
more substantial improvement in PFS compared with pla-
cebo in patients who entered the study in VGPR or PR and
saw no improvement in their depth of response (HR: 0.741;
95% CI: 0.566, 0.96). Taken together, these results suggest
that the overall PFS benefit with ixazomib versus placebo is
driven through both types of patients. A substantial pro-
portion of patients harbor tumors that are clinically sensitive
to ongoing cytoreduction with ixazomib, resulting in an
enhanced rate of deepening of response, which correlates to
prolonged PFS (acknowledging the potential for immortal
time bias associated with time taken to achieve improve-
ment in response). In addition, patients who do not
demonstrate deepening of response nevertheless benefit
from sensitivity to ixazomib in terms of disease control/
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response, by the end of every 3
cycles of treatment. Numbers of
patients with a deepening of
response in each arm at each
time point are shown on the x-
axis.

Table 3 Summary of deepening
responses among patients with a
response of very good partial
response (VGPR) or partial
response (PR) at study entry, as
assessed by the independent
review committee, according to
minimal residual disease (MRD)
status at study entry.

MRD-negative
N= 124a

n (%)

MRD-positive
N= 293a

n (%)

Relative risk
(95%CI)

P value

VGPR at study entry 109 (88) 206 (70)

Deepened to CR 66 (61) 54 (26) 2.310 (1.755, 3.040) –

PR at study entry 15 (12) 87 (30)

Deepened to VGPR or
better

12 (80) 40 (46) 1.740 (1.238, 2.446)

VGPR or PR at study entry 124 (100) 293 (100) –

Deepening response 78 (63) 94 (32) 2.066 (1.668, 2.558) <0.001

P value determined using a Cochran–Mantel–Haenszel test stratified by response at study entry.

CI confidence interval, CR complete response, MRD minimal residual disease, PR partial response, VGPR
very good partial response.
aMRD status at study entry was evaluable in 357 and 228 patients in the ixazomib and placebo arms,
respectively; 117 (33%) and 75 (33%), respectively, were MRD-negative, of whom 124 overall had a
response of VGPR or PR at study entry; 225 (63%) and 139 (61%), respectively, were MRD-positive, of
whom 293 overall had a response of VGPR or PR at study entry. MRD status was evaluated by eight-color
flow cytometry with a sensitivity of 10−5.
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stabilization, as evidenced by the prolonged maintenance of
existing response compared with placebo.

The association of depth of response with improved out-
comes is well-established [19–22] and is supported by the data
from TOURMALINE-MM3. In addition, our results showing
superior PFS in patients achieving deepening of responses
during maintenance are supported by data from other studies,
including two separate retrospective analyses that demonstrated
both PFS and OS improvements in patients who had a dee-
pening response post-ASCT [3, 4]. More broadly, a recent
analysis has shown that patients who take longer to achieve
their “plateau” of best response have longer PFS and OS than
those who achieve maximal response more rapidly [2]. Similar
findings were reported from an analysis of response kinetics
and outcomes data from the TOURMALINE-MM1 phase 3
trial of ixazomib–lenalidomide–dexamethasone versus
placebo–lenalidomide–dexamethasone in relapsed/refractory
MM, in which PFS was longer among so-called “late respon-
ders” versus those who achieved best response to treatment
after a shorter period of time [23].

Response improvements are to be expected regardless of
treatment arm in patients posttransplant, due to the continued
decline of the plasma cell clone and ongoing clearance of the
M-protein seen post-ASCT specifically in those patients with
sensitive, less proliferative, and more mature clones, as well
as those with immunoglobulin isotypes with longer half-lives,
e.g., IgG [3]. In addition, such response improvements may
be associated with improved post-ASCT T cell reconstitution
and the development of prognostically favorable immune
signatures that offer prolonged anti-MM immunological sur-
veillance [24–26]. The rate of “delayed” deepening of
responses post-ASCT in the placebo group in
TOURMALINE-MM3 was 32%, with patients entering the
study a median of 3.4 months after ASCT [17]. This is similar
to the rate reported for the Mayo Clinic series by Gonsalves
et al., in which 39% of patients achieved a continued response
post day 100 without additional therapy, 67% of whom had a
deeper response per IMWG criteria [3]. In contrast, pre-
liminary data from the Myeloma XI trial presented at ASH
2017 indicated an 11% rate of response improvement among
patients undergoing only observation post-ASCT [13]. These
discrepant results could have been caused by different
methodologies, i.e., in melphalan conditioning regimen prior
to ASCT and/or induction therapy. Nevertheless, the evidence
suggest that delayed response occurs with a limited number of
instances of deepening response occurring more than 2 years
after ASCT in the placebo arm of the present study and the
observation arm of Myeloma XI [13]. One hypothesis is that
such late effects may be associated with the favorable immune
signatures discussed above or may be due to fluctuations in
M-protein levels in patients with levels close to the response
category thresholds. Further investigation is ongoing to
understand these observations.

In this context, 46% rate of deepening responses seen with
ixazomib maintenance in 139 patients in TOURMALINE-
MM3 is notable and suggests a potential synergy in some
patients between the mechanism of anti-myeloma action of
ixazomib and the post-ASCT immunologic disease control
mechanisms discussed in the previous paragraph. Preliminary
data from Myeloma XI on response improvement with lena-
lidomide post-ASCT maintenance indicated a rate of 15.8
versus 11.0% with no maintenance [13], in the context of a
median PFS of 57 versus 30 months [9], and results from the
IFM 2005-02 trial of lenalidomide versus placebo as post-
ASCT maintenance showed an increase in the rate of CR/
VGPR of 23 versus 17 percentage points during maintenance,
with a median PFS of 41 versus 23 months [7]. Differences in
rates between studies/analyses must be interpreted with cau-
tion due to potential differences in response assessment rigor
and frequency and due to differences in prior induction
therapy, as well as differences in the depth of response
achieved following prior induction therapy and post-ASCT.
However, the data collectively suggest that the PFS benefit of
maintenance therapy arises both from ongoing disease control
among patients who have reached maximal response and
from increasing depth of response among some patients,
recognizing that a proportion of the latter effect may be
associated with ongoing disease elimination post-ASCT.
Thus, in routine practice, sequential analyses of response data
for patients commencing maintenance therapy in PR or
VGPR may be valuable in identifying an ongoing deepening
response, thereby providing support for continuing with
maintenance therapy, with the goal of achieving CR and a
prolonged PFS.

It must be acknowledged that lenalidomide results in a
greater differential median PFS benefit versus placebo than
ixazomib [7, 9, 12, 17]. However, data from these trials do not
enable the head-to-head comparison of two different drugs
with different mechanisms of action, which may provide
differential activity in terms of response and outcome in an
individual patient. The subset of patients identified in our
study who had deepened responses, presumably due to clin-
ical sensitivity for ongoing cytoreduction with ixazomib
maintenance, benefit from a prolonged PFS that appears
comparable to that seen with lenalidomide in the Myeloma XI
trial [9]. In the context of the agents’ different risk–benefit
profiles [17], and acknowledging the overall difference in PFS
benefit, each agent may provide different benefit in different
subsets of patients, as discussed in the primary report of
TOURMALINE-MM3 [17] and as also suggested in the
presentation of preliminary findings of a randomized phase 2
head-to-head trial of ixazomib versus lenalidomide main-
tenance after ixazomib–lenalidomide–dexamethasone con-
solidation [27].

Our findings should be considered in the context of the
strengths and limitations of the TOURMALINE-MM3
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study. This was a rigorously conducted, double-blind,
placebo-controlled study that clearly established the activity
of ixazomib as post-ASCT maintenance therapy; however,
due to it being the standard-of-care treatment at the time the
study was initiated, the comparator arm was placebo rather
than the now-established standard of care, lenalidomide
[17]. The different types and durations of induction therapy
may have resulted in differential sensitivity to proteasome
inhibitor maintenance with ixazomib, although prior
induction therapies were well-balanced between arms [17].
Outcomes may have been influenced by timing of starting
treatment within the 40-day window, between day 75 and
day 115 post-ASCT, during which patients could be
screened and randomized, and during which changes in
response status might have occurred prior to randomization
[17]. Finally, it is feasible that the use of the initial lower
dose of ixazomib (3.0 mg) prior to dose escalation to 4.0 mg
from cycle 5 onwards if tolerated [17], and the fixed dura-
tion of maintenance of 2 years, may have impacted the
degree of response and PFS benefit demonstrated.

In conclusion, these analyses from the TOURMALINE-
MM3 phase 3 study of ixazomib versus placebo as post-
ASCT maintenance demonstrated that, overall, patients who
achieved deepening of response had substantially longer
PFS than those who did not, and ixazomib maintenance
resulted in a significantly higher rate of deepening responses
than placebo. Furthermore, ixazomib also benefited patients
with VGPR or PR at study entry who did not achieve a
deepening response, resulting in longer PFS versus placebo,
an important finding in the context of a recent analysis
demonstrating the long-term survival benefit of sustaining
any level of response post-ASCT [28]. These dual benefits
of ixazomib maintenance warrant further investigation to
determine whether differential benefits are provided in
patients with different residual clonal disease, thereby
potentially supporting the rationale for an ixazomib-based
combination maintenance approach in some patients.

Acknowledgements The authors acknowledge Steve Hill PhD of
FireKite, an Ashfield company, part of UDG Healthcare plc, for pro-
fessional medical writing support, which was funded by Millennium
Pharmaceuticals Inc, Cambridge, MA, USA, a wholly owned sub-
sidiary of Takeda Pharmaceutical Company Limited, and complied
with Good Publication Practice-3 (GPP3) guidelines (Battisti WP et al.
Ann Intern Med. 2015;163:461–4), and Renda Ferrari, PhD (Millen-
nium Pharmaceuticals, Inc), for contributing to the editorial and sci-
entific content of the manuscript. The TOURMALINE-MM3 study
was funded by Millennium Pharmaceuticals, Inc, a wholly owned
subsidiary of Takeda Pharmaceutical Company Limited. Open access
funding provided by Projekt DEAL.

Compliance with ethical standards

Conflict of interest The TOURMALINE-MM3 study was funded by
Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of Takeda
Pharmaceutical Company Limited. Prof Goldschmidt has served on

the advisory boards of Adaptive Biotechnology, Amgen, Bristol-Myers
Squibb, Celgene, Janssen, Sanofi, and Takeda; has received research
funding from Amgen, Bristol-Myers Squibb, Celgene, Chugai, Janssen,
Sanofi, Mundipharma, Molecular Partners, MSD, Takeda, and Novartis;
has received honoraria from ArtTempi, Bristol-Myers Squibb, Celgene,
Chugai, Janssen, Novartis and Sanofi; and has received Grants and/or
provision of Investigational Medicinal Product (IMP) from Celgene,
Janssen, Chugai, BMS, Sanofi, Amgen, Dietmar Hopp, and John
Hopkins University. Prof Dimopoulos has received research funding
from Genesis Pharma; has acted as a consultant for, and received hon-
oraria from Novartis, Amgen Inc, Celgene Corporation, Janssen Biotech
Inc, Onyx Pharmaceuticals, and Takeda Oncology; and has served
on the advisory committees of Amgen Inc, Celgene Corporation, Jans-
sen Biotech Inc, Onyx Pharmaceuticals, and Takeda Oncology.
Prof Rajkumar received research funding to his institution for this trial.
Dr Weisel has served on the advisory boards of Amgen, Bristol-Myers
Squibb, Adaptive Biotech, Celgene, Janssen, Juno, Takeda, and Sanofi;
has received honoraria from Amgen, Bristol-Myers Squibb, Celgene,
Janssen, and Takeda; and has received research funding from Amgen,
Celgene, Janssen, and Sanofi. Prof Moreau has received personal fees
from Takeda, Celgene, Janssen, and Amgen. Prof Chng has received
honoraria from Takeda. Dr Mikala has served on the advisory boards of
Amgen, Celgene, Janssen, Roche, Takeda; and has received research
funding from AbbVie and Celgene. Prof Cavo has received consultancy
fees from Janssen, Celgene, Takeda, Amgen, Bristol-Myers Squibb, and
AbbVie. Dr Ramasamy has received research funding from Takeda,
Janssen, Amgen, and Celgene; and has received honoraria from Takeda,
Amgen, Janssen, Celgene, Adaptive Biotechnology, Abbvie, Sanofi
Oncology, and Oncopeptides. Dr Suryanarayan, and Dr Labotka are
employees of, and Dr Teng is a previous employee of, Millennium
Pharmaceuticals, Inc., a wholly owned subsidiary of Takeda Pharma-
ceutical Company Limited, and is currently employed by Servier
Pharmaceuticals. Prof Mateos has received personal fees from Takeda,
Janssen, AMGEN, Celgene, GSK, and Abbvie.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Lahuerta JJ, Mateos MV, Martinez-Lopez J, Rosinol L, Sureda A,
de la Rubia J, et al. Influence of pre- and post-transplantation
responses on outcome of patients with multiple myeloma: sequential
improvement of response and achievement of complete response are
associated with longer survival. J Clin Oncol. 2008;26:5775–82.

2. Mellors PW, Binder M, Buadi FK, Lacy MQ, Gertz MA, Dis-
penzieri A, et al. Time to plateau as a predictor of survival in
newly diagnosed multiple myeloma. Am J Hematol. 2018;93:
889–94.

3026 H. Goldschmidt et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


3. Gonsalves WI, Gertz MA, Dispenzieri A, Lacy MQ, Lin Y, Singh
PP, et al. Implications of continued response after autologous
stem cell transplantation for multiple myeloma. Blood.
2013;122:1746–9.

4. Fernandez de Larrea C, Davila J, Isola I, Ocio EM, Rosinol L,
Garcia-Sanz R, et al. Absence of spontaneous response
improvement beyond day +100 after autologous stem cell trans-
plantation in multiple myeloma. Bone Marrow Transplant.
2017;52:567–9.

5. Richardson PG, Laubach J, Gandolfi S, Facon T, Weisel K,
O’Gorman P. Maintenance and continuous therapy for multiple
myeloma. Expert Rev Anticancer Ther. 2018;18:751–64.

6. Pulte ED, Dmytrijuk A, Nie L, Goldberg KB, McKee AE, Farrell
AT, et al. FDA approval summary: lenalidomide as maintenance
therapy after autologous stem cell transplant in newly diagnosed
multiple myeloma. Oncologist. 2018;23:734–9.

7. Attal M, Lauwers-Cances V, Marit G, Caillot D, Moreau P,
Facon T, et al. Lenalidomide maintenance after stem-cell trans-
plantation for multiple myeloma. N Engl J Med. 2012;366:
1782–91.

8. Holstein SA, Jung SH, Richardson PG, Hofmeister CC, Hurd DD,
Hassoun H, et al. Updated analysis of CALGB (Alliance) 100104
assessing lenalidomide versus placebo maintenance after single
autologous stem-cell transplantation for multiple myeloma: a
randomised, double-blind, phase 3 trial. Lancet Haematol. 2017;4:
e431–42.

9. Jackson GH, Davies FE, Pawlyn C, Cairns DA, Striha A, Collett
C, et al. Lenalidomide maintenance versus observation for patients
with newly diagnosed multiple myeloma (Myeloma XI): a mul-
ticentre, open-label, randomised, phase 3 trial. Lancet Oncol.
2019;20:57–73.

10. McCarthy PL, Owzar K, Hofmeister CC, Hurd DD, Hassoun H,
Richardson PG, et al. Lenalidomide after stem-cell transplantation
for multiple myeloma. N Engl J Med. 2012;366:1770–81.

11. Palumbo A, Cavallo F, Gay F, Di Raimondo F, Ben Yehuda D,
Petrucci MT, et al. Autologous transplantation and maintenance
therapy in multiple myeloma. N Engl J Med. 2014;371:895–905.

12. McCarthy PL, Holstein SA, Petrucci MT, Richardson PG, Hulin
C, Tosi P, et al. Lenalidomide maintenance after autologous stem-
cell transplantation in newly diagnosed multiple myeloma: a meta-
analysis. J Clin Oncol. 2017;35:3279–89.

13. Jackson G, Davies FE, Pawlyn C, Cairns D, Striha A, Hockaday
A, et al. Lenalidomide maintenance significantly improves out-
comes compared to observation irrespective of cytogenetic risk:
results of the Myeloma XI trial. Blood. 2017;130:436.

14. Kumar SK, Rajkumar SV. The multiple myelomas—current
concepts in cytogenetic classification and therapy. Nat Rev Clin
Oncol. 2018;15:409–21.

15. Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L,
Bertsch U, Salwender H, et al. Bortezomib induction and main-
tenance treatment in patients with newly diagnosed multiple
myeloma: results of the randomized phase III HOVON-65/
GMMG-HD4 trial. J Clin Oncol. 2012;30:2946–55.

16. Goldschmidt H, Lokhorst HM, Mai EK, van der Holt B, Blau IW,
Zweegman S, et al. Bortezomib before and after high-dose therapy

in myeloma: long-term results from the phase III HOVON-65/
GMMG-HD4 trial. Leukemia. 2018;32:383–90.

17. Dimopoulos MA, Gay F, Schjesvold F, Beksac M, Hajek R,
Weisel KC, et al. Oral ixazomib maintenance following auto-
logous stem cell transplantation (TOURMALINE-MM3): a dou-
ble-blind, randomised, placebo-controlled phase 3 trial. Lancet.
2019;393:253–64.

18. Rajkumar SV, Harousseau JL, Durie B, Anderson KC, Dimopoulos
M, Kyle R, et al. Consensus recommendations for the uniform
reporting of clinical trials: report of the International Myeloma
Workshop Consensus Panel 1. Blood. 2011;117:4691–5.

19. Mangal N, Salem AH, Menon RM, Freise KJ. Use of depth of
response to predict progression-free survival in relapsed or refractory
multiple myeloma: evaluation of results from 102 clinical trials.
Hematol Oncol. 2018. https://doi.org/10.1002/hon.2514.

20. van de Velde H, Londhe A, Ataman O, Johns HL, Hill S, Landers
E, et al. Association between complete response and outcomes in
transplant-eligible myeloma patients in the era of novel agents.
Eur J Haematol. 2017;98:269–79.

21. Usmani SZ, Hoering A, Cavo M, Miguel JS, Goldschimdt H,
Hajek R, et al. Clinical predictors of long-term survival in newly
diagnosed transplant eligible multiple myeloma—an IMWG
Research Project. Blood Cancer J. 2018;8:123.

22. Martinez-Lopez J, Blade J, Mateos MV, Grande C, Alegre A,
Garcia-Larana J, et al. Long-term prognostic significance of
response in multiple myeloma after stem cell transplantation.
Blood. 2011;118:529–34.

23. Garderet L, Laubach JP, Stoppa AM, Hari P, Cavo M, Ludwig H,
et al. Association between response kinetics and outcomes in
relapsed/refractory multiple myeloma: analysis from
TOURMALINE-MM1. Leukemia. 2018;32:2032–6.

24. Arteche-Lopez A, Kreutzman A, Alegre A, Sanz Martin P,
Aguado B, Gonzalez-Pardo M, et al. Multiple myeloma patients in
long-term complete response after autologous stem cell trans-
plantation express a particular immune signature with potential
prognostic implication. Bone Marrow Transplant. 2017;52:832–8.

25. Ho CM, McCarthy PL, Wallace PK, Zhang Y, Fora A, Mellors P,
et al. Immune signatures associated with improved progression-
free and overall survival for myeloma patients treated with
AHSCT. Blood Adv. 2017;1:1056–66.

26. Ye R, Kundrapu S, Gerson SL, Driscoll JJ, Beck R, Ali N, et al.
Immune signatures associated with clonal isotype switch after
autologous stem cell transplantation for multiple myeloma. Clin
Lymphoma Myeloma Leuk. 2019;19:e213–20.

27. Vij R, Martin TG, Nathwani N, Fiala MA, Gao F, Deol A, et al.
Ixazomib or lenalidomide maintenance following autologous stem
cell transplantation and ixazomib, lenalidomide, and dex-
amethasone (IRD) consolidation in patients with newly diagnosed
multiple myeloma: results from a Large Multi-Center Randomized
Phase II Trial. Blood. 2019;134:602.

28. Lehners N, Becker N, Benner A, Pritsch M, Lopprich M, Mai EK,
et al. Analysis of long-term survival in multiple myeloma
after first-line autologous stem cell transplantation: impact of
clinical risk factors and sustained response. Cancer Med.
2018;7:307–16.

Deepening responses associated with improved progression-free survival with ixazomib versus placebo as. . . 3027

https://doi.org/10.1002/hon.2514

	Deepening responses associated with improved progression-free survival with ixazomib versus placebo as posttransplant maintenance in multiple myeloma
	Abstract
	Introduction
	Subjects and methods
	Results
	Patients
	PFS in patients with CR, VGPR, or PR at study entry
	Rates of deepening of response
	PFS by deepening of response
	Kinetics and factors predictive of deepening of response

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




