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Abstract
The phase 3, double-blind, placebo-controlled TOURMALINE-MM3 study (NCT02181413) demonstrated improved
progression-free survival with ixazomib maintenance versus placebo post autologous stem cell transplant (ASCT) in multiple
myeloma patients. We report additional safety data from TOURMALINE-MM3 to inform adverse event (AE) management
recommendations. Patients were randomized 3:2 to receive ixazomib (n = 395) or placebo (n = 261) on days 1, 8, and 15 of 28-
day cycles for ~ 2 years or until progressive disease/toxicity. The initial 3-mg ixazomib dose was escalated to 4 mg in cycle 5, if
tolerated in cycles 1–4. Safety was a secondary endpoint assessed in all treated patients; AEs were graded using Common
Terminology Criteria for AEs v4.03. The rate of grade ≥ 3 AEs was higher in the ixazomib arm (19%) than in the placebo
arm (5%), but the rate of discontinuation due to AEs was similar (7% vs. 5%). For AEs of clinical interest, rates were higher with
ixazomib versus placebo: nausea 39% versus 15%, vomiting 27% versus 11%, diarrhea 35% versus 24%, thrombocytopenia
13% versus 3%, and peripheral neuropathy 19% versus 15%. However, the majority of events were low-grade, manageable with
supportive therapy or dose reduction, and reversible, and did not result in discontinuation. There was no evidence of cumulative,
long-term, or late-onset toxicity with ixazomib maintenance. Ixazomib is an efficacious and tolerable option for post-ASCT
maintenance. AEs associated with ixazomib maintenance can be managed in the context of routine post-ASCT supportive care
due to the limited additional toxicity. ClinicalTrials.gov NCT02181413
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Introduction

In patients with newly diagnosed multiple myeloma (MM),
maintenance therapy is increasingly used following autolo-
gous stem cell transplant (ASCT) in order to delay relapse
arising from residual disease [1, 2]. The goals of maintenance
treatment are to prolong or deepen response and to extend
progression-free survival (PFS) and overall survival (OS)
without chronic toxicity, unmanageable adverse events
(AEs), or deterioration of quality of life.

Lenalidomide is approved as maintenance therapy follow-
ing ASCT and is the current standard of care in this setting [1,
3]. Approval was based on a meta-analysis of results from
three randomized trials that demonstrated improved PFS with
lenalidomide maintenance versus placebo or no treatment
[4–8]. The impact of lenalidomide maintenance on OS varied
across the individual trials; however, the meta-analysis dem-
onstrated an overall improvement in OS [8]. The most fre-
quently reported AEs with lenalidomide maintenance across
all trials were hematologic [4–7], and guidelines for blood
count monitoring and dose modification for grade 3/4 neutro-
penia and thrombocytopenia are provided in the prescribing
information [3]. The risk of development of secondary prima-
ry malignancies varied across studies, but an increased risk
was demonstrated with lenalidomide maintenance versus pla-
cebo in the meta-analysis [4, 5, 8, 9].

Ixazomib, the first oral proteasome inhibitor [10], is ap-
proved in combination with lenalidomide-dexamethasone
(Rd) for the treatment of patients with multiple myeloma
who have received at least one prior therapy [11]. Approval
of ixazomib was based on the results of the phase 3
TOURMALINE-MM1 study, which showed a significant
PFS benefit for ixazomib-Rd versus placebo-Rd in patients
with relapsed or refractory multiple myeloma, with limited
additional toxicity [12]. Common AEs reported more fre-
quently with ixazomib-Rd versus placebo-Rd included throm-
bocytopenia, gastrointestinal toxicities, rash, and peripheral
neuropathy (PN); toxicities were generally manageable with
supportive care and dose delays/reductions as required [13].

The efficacy and safety of ixazomib as maintenance thera-
py following ASCT for patients with multiple myeloma have
been investigated in the phase 3, multicenter, randomized,
double-blind, placebo-controlled TOURMALINE-MM3 trial
(NCT02181413) [14]. In the primary analysis from this trial
(median follow-up, 31months), ixazomibmaintenance signif-
icantly improved PFS compared with placebo, resulting in a
28% reduction in the risk of progression or death (median
PFS, 26.5 vs. 21.3 months; hazard ratio, 0.72 [95% confi-
dence interval, 0.58, 0.89]; P = 0.0023) [14]. The placebo-
controlled study design of TOURMALINE-MM3 allowed
for careful assessment of AEs in the post-transplant mainte-
nance setting, and ixazomibmaintenance was demonstrated to
be well-tolerated, with a low rate of treatment discontinuations

due to AEs. Here, we report additional safety data from
TOURMALINE-MM3 to inform AE management recom-
mendations for clinical practice, focusing on AEs known to
impact patient quality of life and treatment adherence.

Patients and methods

The design of the TOURMALINE-MM3 study has been de-
scribed previously [14]. Briefly, eligible patients were adults
with a confirmed diagnosis of symptomatic MM (by the
International Myeloma Working Group criteria) who had
achieved at least a partial response after receiving standard-
of-care induction therapy (including a proteasome inhibitor
and/or an immunomodulatory drug) followed by high-dose
melphalan conditioning and single ASCT. Following trans-
plant, patients were randomized in a 3:2 ratio to receive either
oral ixazomib 3 mg (n = 395) or matching placebo (n = 261)
on days 1, 8, and 15 in 28-day cycles. Stratification factors
were induction regimen, pre-induction disease stage, and post-
transplant response. The dose of ixazomib was increased to
4 mg starting at cycle 5 if ixazomib was tolerated during the
previous 4 cycles. Treatment was continued for up to 26 cy-
cles (~ 2 years) or until progressive disease or unacceptable
toxicity.

The primary endpoint was PFS. Safety was a secondary
endpoint assessed in all patients who received ≥ 1 dose of
ixazomib or placebo (safety population; analyzed according
to the treatment patients actually received). The type, inci-
dence, and intensity of treatment-emergent AEs were evaluat-
ed. AEs were coded using the Medical Dictionary for
Regulatory Activities (MedDRA) version 20.0 and were grad-
ed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) ver-
sion 4.03. All AEs that occurred from administration of the
first dose of ixazomib or placebo through 30 days after the last
dose were recorded. The intensity of AEs and the relationship
to study treatment were determined by the investigator. In the
event of AEs considered to be related to the study drug, dose
modifications were permitted according to protocol-specified
guidelines. The study drug (ixazomib or placebo) could be
held or reduced by at least one dose level to 3.0, 2.3, or
1.5 mg, followed by discontinuation for persistent toxicity;
no subsequent dose re-escalation was permitted.

Supportive measures consistent with optimal patient care
(including myeloid growth factors, erythropoietin, red blood
cell and platelet transfusions, prophylaxis for deep vein
thrombosis/pulmonary embolism, antibiotics, intravenous im-
munoglobulin, antiemetics, antidiarrheals, and corticoste-
roids) could be given throughout the study. Unless there was
a clinical contraindication, prophylactic antiviral therapy to
prevent reactivation of herpes zoster infection was mandatory
following a protocol amendment. Use of concomitant
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medications (such as prophylaxis or symptomatic treatment),
including blood products and supportive therapies, was re-
corded from the first dose of the study drug through 30 days
after the final dose. Concomitant medications were classified
according to their preferred term in the World Health
Organization Drug Dictionary.

This report focuses on prespecified AEs of clinical impor-
tance, which included PN (defined according to the high-level
term of “peripheral neuropathies not elsewhere classified”),
gastrointestinal toxicities (nausea, vomiting, and diarrhea; de-
fined by their preferred terms), thrombocytopenia (defined by
the preferred terms “thrombocytopenia” and “platelet count
decreased”), and neutropenia (defined by the preferred terms
“neutropenia” and “neutrophil count decreased”), as well as
AEs of clinical interest including thromboembolic events (de-
fined by the StandardizedMedDRAQueries [SMQs] “embol-
ic and thrombotic events, venous” and “embolic and throm-
botic events, arterial”), pneumonia (defined by the high-level
term of “lower respiratory tract and lung infections”), and
herpes zoster (defined by its preferred term). Resolution/
improvement of PN events was assessed; resolution was de-
fined as resolved PN with no subsequent event of the same
preferred term occurring on the resolution date, or on the day
before and/or the day after; improvement was defined as PN
improved by ≥ 1 grade from the maximum grade experienced.
Time to resolution of PN was defined as the time from the
initial onset date to the resolution date. Time to improvement
of PN was defined as the time from the initial onset date of the
maximum grade to the first date that the toxicity was below
the maximum grade with no subsequent higher grade, or to the
resolution date, whichever occurred first.

All safety outcomes are presented using descriptive statis-
tics using SAS version 9.2 (or higher).

TOURMALINE-MM3 was conducted in accordance with
the International Conference on Harmonisation Guidelines for
Good Clinical Practice and all relevant regulatory require-
ments. The protocol was approved by an ethics committee/
institutional review board at each center. All patients provided
written informed consent.

Results

The safety population comprised 394 patients who received
ixazomib maintenance and 259 patients who received placebo
(Fig. 1). Themedian follow-up was 30.9 months in the ixazomib
arm and 31.3 months in the placebo arm. The median number of
administered treatment cycles was 25 (range, 1–26) for ixazomib
and 22 (range, 1–26) for placebo, and the median treatment
duration was 713 (range, 8–799) and 629 (range, 13–803) days,
respectively; 50% versus 42% of patients completed the full
24 months of treatment. Of the patients who were on ongoing
treatment at cycle 5, 317/368 (86%) in the ixazomib arm and

222/242 (92%) in the placebo arm received the 4-mg dose.
Median relative dose intensity among all patients was 95% and
99% with ixazomib and placebo, respectively.

As reported previously [14], AEs of any grade were expe-
rienced by 97% of patients in the ixazomib arm and 93% of
patients in the placebo arm. Rates of drug-related AEs (78%
vs. 58%), grade ≥ 3 AEs (42% vs. 26%), drug-related grade ≥
3 AEs (19% vs. 5%), serious AEs (SAEs; 27% vs. 20%), and
AEs resulting in dose reduction (19% vs. 5%) were numeri-
cally higher with ixazomib versus placebo. However, the in-
cidence of AEs resulting in treatment discontinuation was
similar in both arms (7% vs. 5%). One patient (< 1%) in the
ixazomib arm died during the study; there were no on-study
deaths in the placebo arm. The most commonAEs and AEs of
clinical importance are shown in Table 1.

Thrombocytopenia

Thrombocytopenia was more common with ixazomib (13%)
versus placebo (3%), and the majority of these patients experi-
enced low-grade thrombocytopenia (Table 1). One patient in
each treatment arm had an SAE (both were grade 4 events). In
the ixazomib arm, 11 patients (3%) had a dose reduction for
thrombocytopenia, and 2 patients (1 each) discontinued due to
grade 2 and grade 3 thrombocytopenia. In the placebo arm, no
patients had dose reductions or discontinued due to thrombocy-
topenia. In the ixazomib arm, new-onset thrombocytopenia was
most common in the first 6months of treatment (Fig. 2a). Platelet
counts were consistently lower with ixazomib versus placebo,
but median counts remained within the normal range (Fig. 2b).
Platelet counts followed a cyclical pattern, with a nadir at day 15
of each cycle and recovery by the start of the next cycle; there
was no evidence of cumulative thrombocytopenia. Of 92 indi-
vidual events of thrombocytopenia in patients receiving
ixazomib, 42 did not require intervention. When intervention
was required, common actions included dose delays or dose
holds (Fig. 2c). Seven (2%) and 3 (1%) patients in the ixazomib
and placebo arms received platelet transfusions (1 patient receiv-
ing placebo had a platelet transfusion but did not have thrombo-
cytopenia). Treatment-emergent AEs within the “hemorrhage”
SMQ were reported in 33 (8%) and 15 (6%) patients in the
ixazomib and placebo arms, respectively. In the ixazomib arm,
2 patients (< 1%) had grade ≥ 3 events, 3 (< 1%) had SAEs, and
1 (< 1%) discontinued.

Neutropenia

The incidence of neutropenia was similar in both treatment
arms (9% ixazomib vs. 8% placebo), and the incidence of
febrile neutropenia was low and similar in both arms (< 1%
vs. 0%). Grade ≥ 3 neutropenia was reported in 5% versus 3%
of patients. No patient in either arm experienced an SAE or
discontinued ixazomib or placebo due to neutropenia

1795Ann Hematol (2020) 99:1793–1804



(Table 1), and the incidence of neutropenia resulting in dose
reduction was < 1% in both arms. Neutrophil counts were
generally within the normal range during treatment, and few
patients received growth factors in either arm (4% ixazomib
and 2% placebo).

Gastrointestinal toxicities

The incidences of gastrointestinal AEs were higher with
ixazomib (27–39%) than with placebo (11–24%), although rates
of grade ≥ 3 gastrointestinal AEs were low in both groups

Fig. 1 CONSORT diagram. Reproduced with permission from Dimopoulos MA, Gay F, Schjesvold F et al. Oral ixazomib maintenance following
autologous stem cell transplantation (TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet 2019;393:253–264
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(Table 1). Dose reductions due to gastrointestinal AEs were rare
(≤ 2% in both groups) andwere due to nausea in 6 (2%) versus 0,
vomiting in 8 (2%) versus 0, and diarrhea in 8 (2%) versus 1 (<
1%) patients in the ixazomib versus placebo groups, respectively;
only 1 patient (in the ixazomib arm) discontinued treatment due
to a gastrointestinal event (grade 1 diarrhea). In the safety popu-
lation, the rates of use of antiemetics (16%vs. 2%; as prophylaxis
or symptomatically after first dose) and intravenous fluids (9%
vs. 3%)were higher with ixazomib versus placebo, but the rate of
antidiarrheal use was similar (8% vs. 7%). For ixazomib versus
placebo, the median duration of antiemetic administration was
295 versus 436 days, and the median duration of antidiarrheal
administration was 23.5 versus 9.0 days. Potential complications
of gastrointestinal AEs (dehydration, weight loss, or grade ≥ 3
hyponatremia, hypokalemia, or hypomagnesemia) were infre-
quent (rates were < 1% for each individual event in both arms).

The incidence rate of nausea was highest in cycle 1 in the
ixazomib arm, and generally higher versus placebo (Fig. 3a).

The rate of new-onset nausea was highest during the first
3 months of treatment and then decreased substantially (Fig.
3b). The incidence rate of vomiting was also highest in cycle 1
in the ixazomib arm and generally higher versus placebo
(Fig. 4a); new-onset vomiting was most common during the
first 3 months and then decreased (Fig. 4b). The incidence rate
of diarrhea was similar between groups in cycles 1–2 and then
higher with ixazomib versus placebo through cycle 9
(Fig. 5a); the rate of new-onset diarrhea was low and similar
between groups thereafter (Fig. 5b).

Peripheral neuropathy

PN rates were similar in the ixazomib and placebo arms (19%
vs. 15%). Only one patient in the ixazomib arm reported grade
3 PN (< 1%), and no patients in either arm had grade 4 PN. In
the ixazomib arm, PN appearedmore common among patients
who were proteasome inhibitor–naïve versus proteasome

Table 1 Common AEs and AEs of clinical importance

AE, n (%) Ixazomib (n = 394) Placebo (n = 259)

Any grade Grade ≥ 3 SAE D/C Any grade Grade ≥ 3 SAE D/C

Hematologic AEs

Thrombocytopeniaa 53 (13) 19 (5) 1 (< 1) 2 (< 1) 8 (3) 2 (< 1) 1 (< 1) 0

Neutropeniaa 36 (9) 20 (5) 0 0 20 (8) 9 (3) 0 0

Anemia 29 (7) 4 (1) 0 0 10 (4) 2 (< 1) 1 (< 1) 0

Non-hematologic AEs

Infections and infestations

Upper RTI 101 (26) 2 (< 1) 2 (< 1) 0 54 (21) 1 (< 1) 0 0

Viral upper RTI 94 (24) 0 0 0 69 (27) 0 1 (< 1) 0

Gastrointestinal AEs

Nausea 154 (39) 1 (< 1) 0 0 40 (15) 0 0 0

Diarrhea 137 (35) 10 (3) 4 (1) 1 (< 1) 61 (24) 2 (< 1) 0 0

Vomiting 106 (27) 6 (2) 1 (< 1) 0 28 (11) 0 0 0

Rasha 120 (30) 7 (2) 2 (< 1) 2 (< 1) 57 (22) 0 0 0

AEs of clinical interest

PNa 73 (19) 1 (< 1) 0 2 (< 1) 39 (15) 0 0 2 (< 1)

Thromboembolic AEs

Venous 2 (< 1) 0 1 (< 1) 1 (< 1) 0 0 0 0

Arterial 1 (< 1) 0 0 0 3 (1) 1 (< 1) 2 (< 1) 0

Pneumoniab 40 (10) 25 (6)b 24 (6) 2 (< 1) 21 (8) 11 (4) 10 (4) 0

Herpes zoster 39 (10) 3 (< 1) 4 (1) 0 14 (5) 3 (1) 2 (< 1) 0

AE adverse event, D/C discontinuation due to AE, MedDRA Medical Dictionary for Regulatory Activities, PN peripheral neuropathy, RTI respiratory
tract infection, SAE serious adverse event, SMQ standardized MedDRA query, SOC system organ class
a Data were based on a SMQ that incorporated pooled preferred terms or multiple preferred terms. Thrombocytopenia included the preferred terms of
thrombocytopenia and decreased platelet count. Neutropenia included the preferred terms of neutropenia and decreased neutrophil count. PN represents
the high-level term of “peripheral neuropathies not elsewhere classified,” excluding neuritis; preferred terms included “neuropathy peripheral,” periph-
eral sensory neuropathy, peripheral sensorimotor neuropathy, and peripheral motor neuropathy. Rash included the preferred terms of pruritus, rash
maculo-papular, rash macular, rash papular, rash erythematous, rash pruritic, drug eruption, pruritus generalized, rash, urticaria, dermatitis allergic, rash
generalized, dermatitis acneiform, erythema multiforme, rash pustular, and rash vesicular
b One patient in the ixazomib group had a grade 5 adverse event of pneumonia
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inhibitor–exposed and among patients with prior thalidomide
treatment versus without prior thalidomide treatment
(Table 2). In the placebo group, PN appeared less common
among proteasome inhibitor–naïve versus proteasome
inhibitor–exposed patients, and rates were similar regardless
of prior thalidomide treatment (Table 2). The presence of PN
at study entry did not affect the rate of treatment-emergent PN
in the ixazomib arm but was associated with a higher rate in
the placebo arm versus patients without PN at study entry
(Table 2). Dose reductions (3% vs. 2%, respectively) and dis-
continuations (< 1% in both arms) due to PNwere uncommon
with both ixazomib and placebo (Table 2). Most of the cases
of new-onset PN occurred in the first 0–3 (9% in both arms) or
3–6 (3% vs. 2%, respectively) months (Fig. 6). Overall, 73
patients receiving ixazomib reported 94 individual events of
PN, and 39 patients receiving placebo reported 43 individual
events; the majority of these individual PN events improved
(74% vs. 72%) or resolved (70% vs. 65%). The most com-
monly prescribed concomitant therapies for PN were
pregabalin (6/73 patients [8%] in the ixazomib arm, 5/39

patients [13%] in the placebo group) and gabapentin (5/73
[7%] vs. 0/39 [0%]). Median time to PN event improvement
was similar in both arms (134 vs. 130 days, respectively).
Median time to resolution of PN event was, however, longer
with ixazomib than with placebo (225 vs. 159 days, respec-
tively). PN was ongoing in 35 (9%) and 19 (7%) patients in
the ixazomib and placebo groups, respectively, at the end of
treatment visit; 10 (29%) and 4 (21%) patients subsequently
had resolution of their PN events.

Thromboembolic events

Thromboprophylaxis was not mandated by the protocol but
could have been administered per institutional guidelines, and
19% of patients in each arm used an antithrombotic agent.
Based on the SMQ for venous embolic and thrombotic events,
2 patients (< 1%) in the ixazomib arm had a thrombotic event.
One of these patients had a history of port catheter implanta-
tion, and the other patient had a history of pulmonary embo-
lism and was receiving antithrombotic medication. Each of

Fig. 2 Cumulative incidence of new-onset thrombocytopenia (a) and median platelet counts (b) over time in the ixazomib and placebo groups, and
actions taken for events of thrombocytopenia (c). Note: More than one action could be taken for a single event of thrombocytopenia
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these patients had low-grade events. One of these patients
experienced thromboembolic events of jugular vein thrombo-
sis and subclavian vein thrombosis that led to hospitalization
and resulted in discontinuation of ixazomib. In the placebo
arm, no patient had a venous thromboembolic event. Arterial
thromboembolic events, as assessed according to the SMQ for
arterial embolic and thrombotic events, were reported infre-
quently (< 1% ixazomib, 1% placebo).

Pneumonia

Within the higher-level term of lower respiratory tract and
lung infections, the incidence of AEs was higher in the
ixazomib arm (23%) versus the placebo arm (18%), with
pneumonia (10% vs. 8%) and bronchitis (10% vs. 7%) the
most commonly reported preferred terms. The percentages
of patients who experienced SAEs (8% ixazomib, 5%

placebo) and AEs resulting in discontinuation of ixazomib
(< 1%) or placebo (0%) were generally similar in both arms.
One patient receiving ixazomib died on study due to pneumo-
nia. The patient was a 61-year-old Asian man with a medical
history of diabetes mellitus, hypertension, and hyperlipid-
emia. The patient had a grade 3 SAE of diarrhea beginning
on cycle 6 day 15 and a grade 4 SAE of pneumonia beginning
on cycle 6 day 17, both of which led to hospitalization on
cycle 6 day 17. During hospitalization, bronchoalveolar la-
vage was positive for metapneumovirus. The patient devel-
oped acute respiratory distress syndrome progressing to
multiorgan failure secondary to pneumonia and died due to
pneumonia on cycle 6 day 26. The event was considered re-
lated to ixazomib. The patient’s last dose of ixazomib prior to
the event was taken on cycle 6 day 15.

Herpes zoster

During the trial, the protocol was amended to mandate pro-
phylaxis for herpes zoster. Overall, 95% of patients in the
ixazomib arm and 89% of patients in the placebo arm received
direct-acting antivirals. Of the 55 ixazomib-treated patients

Fig. 3 Incidence rate by cycle (a) and cumulative incidence (b) of new-
onset nausea. Only one patient in the ixazomib arm (< 1%) and no pa-
tients in the placebo arm had grade ≥ 3 nausea. Incidence rate is the
number of events in a cycle divided by the sum of patient cycles at risk
in a cycle. A patient with an ongoingAE could not be at risk of getting the
same AE until it was resolved

Fig. 4 Incidence rate by cycle (a) and cumulative incidence (b) of new-
onset vomiting. No patients in the placebo arm had grade ≥ 3 vomiting.
Incidence rate is the number of events in a cycle divided by the sum of
patient cycles at risk in a cycle. A patient with an ongoing AE could not
be at risk of getting the same AE until it was resolved
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and the 47 placebo-treated patients who were not receiving
appropriate antiviral prophylaxis, 33 (60%) and 12 (26%)

reported herpes zoster. For patients who did receive prophy-
laxis, 6/339 patients (2%) in the ixazomib arm and 2/212 (<
1%) in the placebo arm developed herpes zoster. The most
commonly prescribed antiviral medications were aciclovir in
240/394 (61%) and 143/259 (55%) patients, and valaciclovir
in 144 (37%) and 84 (32%) patients in the ixazomib and pla-
cebo groups, respectively. No patients in either treatment arm
discontinued due to herpes zoster.

Discussion

This safety analysis of TOURMALINE-MM3 demonstrates
that maintenance therapy with ixazomib is well-tolerated, with
limited additional toxicity compared with placebo. The major-
ity of patients who experienced AEs had events that were low-
grade and non-serious, and that did not result in discontinua-
tion. Although the overall incidence of grade ≥ 3 AEs was
higher with ixazomib versus placebo, the rate of discontinua-
tion due to AEs was similar between treatment arms. The most
frequently reported AEs in the ixazomib arm were nausea,
diarrhea, and vomiting, which were generally expected and
consistent with the known safety profile of single-agent
ixazomib from prior phase 1 and phase 1/2 studies [15–17],
although the patient populations and treatment durations dif-
fered between these prior studies and TOURMALINE-MM3.
Importantly, in TOURMALINE-MM3, the evaluation of safe-
ty was not confounded by the contribution of AEs or overlap-
ping toxicities from other agents in a combination regimen.
Additionally, due to the direct comparison to placebo, the
TOURMALINE-MM3 results provide an unbiased illustra-
tion of the safety of long-term single-agent ixazomib and

Table 2 PN: severity, predictive
factors, dose modifications, and
resolution

Ixazomib (n = 394) Placebo (n = 259)

PN incidence by grade, n (%)

Grade 1 55 (14) 24 (9)

Grade 2 17 (4) 15 (6)

Grade 3 1 (< 1) 0

PN incidence by prior therapy or baseline PN, n/N (%)

Prior PI therapy, yes versus no 61/351 (17) versus 12/43 (28) 36/232 (16) versus 3/27 (11)

Prior thalidomide, yes versus no 33/141 (23) versus 40/253 (16) 14/101 (14) versus 25/158 (16)

PN at study entry, yes versus no 8/44 (18) versus 65/350 (19) 12/38 (32) versus 27/221 (12)

Dose reductions due to PN, n (%) 10 (3) 5 (2)

Discontinuations due to PN, n (%) 2 (< 1) 2 (< 1)

PN—number of individual events, n 94 43

Improved, n (%) 70 (74) 31 (72)

Median time to improvement (days) 134 130

Resolved, n (%) 66 (70) 28 (65)

Median time to resolution (days) 225 159

PI proteasome inhibitor, PN peripheral neuropathy

Fig. 5 Incidence rate by cycle (a) and cumulative incidence (b) of new-
onset diarrhea. Incidence rate is the number of events in a cycle divided
by the sum of patient cycles at risk in a cycle. A patient with an ongoing
AE could not be at risk of getting the same AE until it was resolved
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demonstrate the tolerability and manageable toxicity profile of
ixazomib maintenance therapy in patients who have under-
gone ASCT.

After receiving ASCT, responding patients are likely to be
symptom-free, and transplant-related toxicities are generally
expected to have resolved before maintenance treatment is
initiated. Given the potential for prolonged therapy, a mainte-
nance treatment with minimal cumulative toxicity, such as
irreversible PN or nominal bone marrow function decline, that
could impact later lines of therapies is desirable. In
TOURMALINE-MM3, no evidence of cumulative toxicity
or of long-term or late-onset toxicity was observed with
ixazomib maintenance therapy. The rate of discontinuation
due to AEs was similar between treatment arms (7% vs. 5%)
compared with a rate of 29% previously reported in a meta-
analysis of post-ASCT lenalidomide maintenance [8], al-
though the mean lenalidomide treatment durations in the stud-
ies from which discontinuation rates were available were sub-
stantially longer than that for ixazomib in TOURMALINE-
MM3. In addition, of the 594/1137 (52%) patients who had
discontinued lenalidomide in the Myeloma XI study of
lenalidomide maintenance versus observation in newly diag-
nosed multiple myeloma, the rate of discontinuation due to
AEs with lenalidomide was 15% [18].

Gastrointestinal toxicity is a key consideration for patient
management in the treatment of multiple myeloma, in partic-
ular with oral agents, and has been previously reported with
ixazomib [15, 16]. Per protocol for TOURMALINE-MM3,
standard antiemetics were recommended for emesis occurring
once treatment was initiated, and prophylactic antiemetics
were suggested for consideration at the physician’s discretion.
Although the rates of gastrointestinal toxicities were higher
with ixazomib versus placebo, the rates of grade ≥ 3 events
were low in both groups and discontinuations due to gastro-
intestinal AEs were rare. The incidence rate of gastrointestinal
AEs was higher in the first 3 months, and events were man-
ageable with standard supportive care.

Hematologic toxicities, specifically thrombocytopenia
events, were also manageable in this patient population. The
transient cyclical thrombocytopenia reported with ixazomib is
a known class effect of proteasome inhibitors; it is likely a
result of transient inhibition of nuclear factor κB signaling
via inhibition of the 26S proteasome, which is one of the
required signaling cascades for platelet budding from mega-
karyocytes [19]. The mean platelet count remained generally
constant over time with ixazomib in TOURMALINE-MM3,
and very few patients had new-onset thrombocytopenia later
in their treatment course. There were also 2 patients receiving
placebo who reported grade ≥ 3 thrombocytopenia. In the
ixazomib arm, the events of thrombocytopenia that did not
spontaneously resolve were readily managed using dose
interruptions/reductions and rarely required transfusions.

PN is an important side effect in the treatment of multiple
myeloma [20]; it can be caused by the disease itself or by
specific agents, in particular bortezomib and thalidomide
[20–22]. In TOURMALINE-MM3, PN rates were similar in
the ixazomib and placebo arms and events were typically of
low grade. Interestingly, the cumulative incidence of all grade
PN was similar in both arms for the first 5 months and then
gradually became higher with ixazomib treatment compared
with placebo. The incidence of prior PN is a known predis-
posing factor for development of PN and may be impacted by
prior bortezomib or thalidomide treatment [20]. However, an-
alyzing the incidence of PN by prior proteasome inhibitor
therapy or prior thalidomide, or by presence of PN at study
entry, demonstrated no consistent patterns across treatment
arms. PN reported with ixazomibmaintenance was effectively
managed with concomitant pain medications, primarily
pregabalin and gabapentin, and PN events reported with
ixazomib were reversible in the majority of cases.

Infections are not unexpected in patients with multiple myeloma
following ASCT [23]. Upper respiratory tract infections were
among the most frequently reported AEs with ixazomib, but these
events were largely manageable. Clinicians should be aware of the
risk of pneumonia and the increased risk of herpes zoster reactiva-
tion in the absence of antiviral prophylaxis. However, the rate of
herpes zoster was low in patients receiving prophylaxis—indeed,
antiviral prophylaxis virtually eliminated the risk of herpes zoster
reactivation and should always be administered with ixazomib un-
less there is a clinical contraindication.

The risk of venous thromboembolism is approximately 3 to
10% in patients with multiple myeloma [24]. Venous throm-
boembolism prophylaxis strategies are recommended for pa-
tients receiving specific agents, such as lenalidomide; howev-
er, to date, the use of proteasome inhibitors has not been as-
sociated with thromboembolism [24, 25]. As such, in
TOURMALINE-MM3, thromboprophylaxis was not required
per protocol but could have been administered per institutional
guidelines, with 19% of patients in each arm receiving an
antithrombotic agent. Ixazomib maintenance therapy was not

Fig. 6 Cumulative incidence of new-onset PN. Only one patient in the
ixazomib arm had grade 3 PN (< 1%), and no patients in either arm had
grade 4 PN
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associated with an increased risk of thromboembolism com-
pared with placebo in this study.

In summary, this study has shown that single-agent ixazomib is
well-tolerated and that long-term maintenance treatment is feasible
post-ASCT. AEs associated with ixazomib maintenance can be
managed in the context of routine post-ASCT supportive care due
to the limited additional toxicity. Ixazomib is an efficacious and
tolerable option for post-ASCTmaintenance in patients with newly
diagnosed MM.
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