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Abstract: Ixazomib is the first oral proteasome inhibitor to be approved, in combination with
lenalidomide and dexamethasone, for the treatment of patients with multiple myeloma who
have received at least one prior therapy. Approval was on the basis of results from the phase
3, double-blind, placebo-controlled TOURMALINE-MMI1 study, which demonstrated a 35%
improvement in progression-free survival with the all-oral combination of ixazomib plus
lenalidomide—dexamethasone versus lenalidomide—dexamethasone alone (median: 20.6 vs 14.7
months; hazard ratio: 0.74, p=0.012; median follow-up 14.7 months). The addition of ixazomib
to the lenalidomide—dexamethasone regimen was associated with limited additional toxicity and
had no adverse impact on patient-reported quality of life. Common grade >3 adverse events
with ixazomib include gastrointestinal adverse events, rash, and thrombocytopenia. Here, we
review the efficacy, safety, pharmacokinetics, and patient-reported quality of life data seen
with ixazomib, and discuss the role of this oral agent in the treatment of patients with relapsed/
refractory multiple myeloma, including in patients with high-risk cytogenetic abnormalities and
those with multiple prior therapies.

Keywords: ixazomib, multiple myeloma, proteasome inhibitor, clinical, efficacy, tolerability,

pharmacokinetics

Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder characterized by the
uncontrolled proliferation of monoclonal plasma cells in the bone marrow."? It is
the second most common hematologic malignancy and accounts for ~16.6% of all
hematologic malignancies in the US,? with an estimated worldwide 5-year prevalence
in 2012 of 229,468 people.* The risk of developing MM increases with age, and the
median age at diagnosis is 69 years.'

The treatment of MM has advanced over the past 15 years following the introduction
of the immunomodulatory drugs thalidomide, lenalidomide, and pomalidomide, and
the proteasome inhibitors bortezomib and, more recently, carfilzomib® and ixazomib.®
Median overall survival (OS) has improved from 4.6 years for patients diagnosed
between 2001 and 2005 to 6.1 years for patients diagnosed between 2006 and 2010.”

Despite these advances, MM is a complex and incurable progressive disease
characterized by multiple relapses, largely due to the persistence of residual disease,

8-10 Based on real-world and claims analy-

and the need for multiple lines of therapy.
ses, ~48%—66% of patients are estimated to progress following first-line therapy and

require subsequent lines of treatment, with other patients not reported as receiving
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subsequent therapy, possibly due to death or censoring prior to
subsequent treatment, or loss to follow-up.!'"1* Furthermore,
similar analyses have indicated that ~21%—43% of patients
are estimated to require third-line treatment and beyond.''"?
After each remission, MM typically recurs with a more
aggressive disease course, resulting in shorter duration of
disease response with each successive line of therapy and,
eventually, treatment-refractory disease.'*

Consequently, there has been a high unmet clinical need
to expand the active treatment options, prolong therapy, and
further improve outcomes for patients with relapsed/refrac-
tory MM (RRMM). There are also several “poor prognosis”
groups of patients with MM for whom outcomes with cur-
rent standards of care are poorer compared with those in the
general MM patient population; these include patients with
the high-risk cytogenetic abnormalities del(17p), t(4;14), and
t(14;16)'5'%; elderly patients (aged >75 years)'*?; patients
with renal impairment?!; and patients with high disease
burden.’?

Current and emerging treatment
options in MM

Current treatment options for patients
with MM

In the era of novel therapies, the immunomodulatory drugs
lenalidomide and thalidomide, and the proteasome inhibi-
tor bortezomib are the backbone of therapy for MM, often
administered in two- or three-drug combinations with
corticosteroids (such as dexamethasone or prednisone)
and alkylating agents (such as melphalan or cyclophospha-
mide). These agents are used at all stages of the disease: as
induction therapy prior to autologous stem cell transplant
(ASCT), as initial therapy for newly diagnosed patients
ineligible for ASCT, and as subsequent lines of therapy
following relapse of the disease. Following the widespread
use of immunomodulatory drugs and proteasome inhibi-
tors, there is increasing evidence to support the use of the
newer immunomodulatory drugs and proteasome inhibitors
pomalidomide, carfilzomib, and ixazomib in patients with
relapsed/refractory disease.®'

While investigation into the optimal combinations and
therapeutic strategies continues, results support the benefits
of triplet versus doublet regimens.**7! Several studies have
also demonstrated that a triplet regimen including both an
immunomodulatory drug and a proteasome inhibitor, such
as bortezomib, carfilzomib, or ixazomib in combination
with lenalidomide—dexamethasone (Rd), is particularly

effective at inducing rapid and deep responses, leading to
improved progression-free survival (PFS) and, in the case
of bortezomib-Rd, OS.623-2529-32

Long-term treatment is now emerging as a standard-of-
care with the goals of continuous disease suppression, deep-
ening responses, and prolonging survival. The benefits of
continuous MM therapy have been demonstrated following
ASCT or following an induction regimen, with sustainable,
long-term maintenance treatment being associated with bet-
ter OS versus fixed-term treatment.*** Long-term treatment
appears particularly important for patients with high-risk
cytogenetic abnormalities,* for whom there are few effec-
tive treatment options. However, long-term treatment with
current triplet regimens, particularly those including the
proteasome inhibitors bortezomib or carfilzomib, is difficult
to achieve as they have been associated with a substantial
patient burden in terms of both treatment-related toxicities,
such as peripheral neuropathy (PN),*” cardiovascular'* and
renal’® toxicities, and the need for frequent clinic visits and
repeat injections,*® all of which can have an adverse impact
on duration of therapy. Real-world data from one retro-
spective cohort study showed median duration of second-
line treatment to be just 6.9 months for an intravenously
administered PI,** which is in contrast to the ~20 months
reported in a recent phase 3 trial in patients with RRMM,?
highlighting the need for new treatment strategies to enable
patients to achieve sustainable and long-term benefit from
their MM therapy.

The aim of achieving long-term treatment has also
focused attention on improved patient quality of life (QoL),
particularly with regard to the tolerability and convenience of
the treatment regimen.*! Consequently, effective, sustainable
therapies associated with manageable toxicities may have an
important role in the treatment of MM, with the potential
ability to enable long-term therapy.

Emerging therapeutic options for RRMM

Adding to the treatment armamentarium for patients with
RRMM, several agents have recently been approved by the
US Food and Drug Administration (FDA) for the treatment
of RRMM. These include the histone deacetylase inhibitor
panobinostat, the monoclonal antibodies elotuzumab and
daratumumab, and the oral proteasome inhibitor ixazomib,
many of which have been approved as components of triplet
regimens including proteasome inhibitors or immunomodu-
latory drugs. For example, the histone deacetylase inhibitor
panobinostat has been approved in combination with bort-
ezomib and dexamethasone after showing longer PFS when
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compared with bortezomib plus dexamethasone.* Similarly,
the monoclonal antibodies elotuzumab and daratumumab
have demonstrated encouraging PFS when administered in
combination with the proteasome inhibitor bortezomib or
immunomodulatory drug lenalidomide, plus dexametha-
sone, 0314 with daratumumab approved as a single agent and
showing particular promise in triplet regimens.

The oral proteasome inhibitor ixazomib has been
approved in more than 40 countries, including the United
States and the European Union, for the treatment of MM
patients, in combination with Rd, who have received at least
one prior therapy. This approval was based on data from
the phase 3 randomized, double-blind, placebo-controlled
TOURMALINE-MMI trial in 722 patients with relapsed/
refractory MM, which demonstrated a 35% improvement in
PFS, and a generally manageable toxicity profile.® Here, we
review the role of ixazomib in the management of relapsed/
refractory MM, focusing on the pharmacokinetics (PK),
efficacy, and safety of this oral proteasome inhibitor.

Clinical pharmacology of ixazomib

Ixazomib is a reversible proteasome inhibitor that preferen-
tially binds and inhibits the 20S proteasome.* Ixazomib is
administered as the citrate ester prodrug (ixazomib citrate),
which undergoes rapid and complete hydrolysis to the bio-
logically active agent ixazomib under physiological condi-
tions. Ixazomib is the first oral proteasome inhibitor to be
approved for the treatment of MM.* Prior to approval, the
clinical development of ixazomib included a comprehensive
clinical pharmacology characterization, based on phase 1
study data and other dedicated studies, which helped to
understand the PK properties of ixazomib and inform its

posology.

Pharmacokinetics
Early-phase studies investigated weekly and twice-weekly
dosing schedules of single-agent ixazomib (weekly, days 1,
8, and 15 of 28-day cycles; twice-weekly, days 1, 4, 8, and
11 of 21-day cycles). Results demonstrated that, with both
dosing schedules, ixazomib was rapidly absorbed (the median
time to maximum plasma concentration was 1 hour) and had
along terminal half-life of 9.5 days,**¢ supporting the use of
both ixazomib schedules. Data from these early-phase studies
also demonstrated the dose-proportional nature of ixazomib
plasma exposure.*4

Ixazomib is highly plasma protein bound (99%)**! and
distributes into red blood cells with a blood-to-plasma ratio of
10 (Merlini et al, unpublished data). Metabolism by multiple

CYP enzymes and non-CYP proteins is expected to be the
major clearance mechanism for ixazomib. Preclinical data
have shown that, at clinically relevant ixazomib concentra-
tions, no specific CYP isozyme predominantly contributes to
ixazomib metabolism and non-CYP enzymes also contribute
to overall metabolism. However, at concentrations exceeding
those observed clinically (>90-fold), ixazomib was metabo-
lized in vitro by multiple CYPs, with CYP3A contributing
to the greatest extent (42%).

Cardiac electrophysiology

As cardiac events have been associated with other pro-
teasome inhibitors,'**® part of the early characterization of
ixazomib was to evaluate any effect of ixazomib on cardiac
parameters. Within this cardiac effect characterization, an
innovative concentration-QTc analysis integrating data from
four phase 1 studies of single-agent ixazomib (N=245) dem-
onstrated that ixazomib has no clinically meaningful effects
on QTc interval or heart rate.”

Dose selection and posology

Phase 1 studies of single-agent ixazomib demonstrated the
maximum tolerated dose (MTD) of ixazomib to be 2.97 mg/
m? for the weekly schedule and 2.0 mg/m? for the twice-
weekly schedule.*®# Similarly, a MTD of 2.97 mg/m?> was
also demonstrated for weekly ixazomib in combination with
Rd, with a recommended phase 2 dose of 2.23 mg/m?2.4

In contrast to the body surface area-based dosing used
for bortezomib and carfilzomib, ixazomib administration
involves a simple, fixed-dosing approach. The feasibility
of this was demonstrated in a population PK analysis using
pooled data from four phase 1 studies.>® This analysis indi-
cated that ixazomib has high oral bioavailability and that body
size does not impact ixazomib exposure, demonstrating that
fixed rather than body surface area-based ixazomib dosing
is appropriate. The MTD of 2.97 mg/m? and recommended
phase 2 dose of 2.23 mg/m? ixazomib reported in the phase
1 study of weekly ixazomib plus Rd equate to fixed doses
of 5.5 mg and 4.0 mg, respectively. Simplifying ixazomib
administration, a fixed ixazomib dose of 4.0 mg, in combina-
tion with Rd, is used in current phase 3 studies.

As the PK and safety profiles of a drug can vary by eth-
nicity,** % following the phase 1 studies in Western patients,
the PK of ixazomib was assessed in East Asian patients.
Ixazomib exposures on day 1, cycle 1 were similar to those
seen in Western patients. Although the exposure on day
15, after multiple dosing, was ~30% higher in East Asian
patients, this increased exposure at the 4.0 mg dose was
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not anticipated to be greater than the in Western patients
treated at the MTD. On the basis of these results, Asian
patients have been enrolled in the ongoing phase 3 studies
at the same starting dose of ixazomib (4.0 mg).*’ Inclusion
of these patients further enables the TOURMALINE phase
3 studies to better reflect the global MM population.

Several other dedicated PK studies have enabled the
inclusion of simple dosing guidelines in relation to the
ixazomib starting dose in the US prescribing information.*
Renal impairment is common in patients with MM." The
population PK analysis outlined above indicated that mild-
to-moderate renal impairment had no effect on ixazomib
exposure.> Such patients have subsequently been included in
the phase 3 TOURMALINE program at the same ixazomib
starting dose,>*® better reflecting the global MM population
and enhancing the relevance of the findings from the TOUR-
MALINE studies to the real-world MM patient population.
Subsequently, a dedicated PK study was conducted to assess
ixazomib PK in patients with severe renal impairment or
end-stage renal disease. Unbound and total systemic expo-
sures of ixazomib were 38% and 39% higher, respectively,
in patients with severe renal impairment or end-stage renal
disease versus patients with normal renal function.*® These
results support a lower ixazomib dose of 3 mg in patients
with severe renal impairment or end-stage renal disease.
Similarly, as metabolism appears to be the major mechanism
of ixazomib clearance, a dedicated PK study assessed ixa-
zomib PK in patients with hepatic impairment. Compared
to patients with normal hepatic function, unbound and total
systemic exposures of ixazomib were 27% and 20% higher,
respectively, in patients with moderate or severe hepatic
impairment, leading to a reduced dose of 3 mg being recom-
mended for these patients.>!

Administration of ixazomib after a high-fat meal was
shown to decrease the rate and extent of oral absorption.® As
included in the US prescribing information, patients should
therefore not take any food for 2 hours before and 1 hour
after ixazomib dosing.*

Drug—drug interaction studies

When administered in combination with Rd, the PK profile
of ixazomib was consistent for both weekly and twice-
weekly schedules,*4-% suggesting no PK interaction
between ixazomib and Rd. Similarly, there appears to be
no interaction between ixazomib and cyclophosphamide—
dexamethasone®! or melphalan—prednisone,® suggesting the
feasibility of including ixazomib in combination regimens.
Coadministration of ixazomib with the strong CYP3A

inducer rifampin decreased ixazomib C_ by 54% and
area under the curve by 74%; hence, systemic treatment
with strong CYP3A inducers should be avoided in patients
receiving ixazomib.*>¢

Clinical efficacy in patients with MM

Single-agent ixazomib

The clinical efficacy of single-agent ixazomib in patients
with relapsed/refractory MM was demonstrated in two phase
1 studies in heavily pretreated patients, including those with
prior bortezomib and prior lenalidomide exposure (Table 1).
Sixty patients were enrolled to each study and received
single-agent ixazomib on a weekly (days 1, 8, and 15 of
28-day cycles) or twice-weekly (days 1,4, 8, and 11 of 21-day
cycles) schedule. Antimyeloma activity was demonstrated
with both weekly and twice-weekly single-agent regimens
(Table 1); of note, responses were seen in patients with
relapsed and refractory MM who had previously received
both bortezomib and lenalidomide. These preliminary data
indicated that responses were rapid and durable, with time
to first response of 1.6—4.4 months, and duration of disease
control of >28 months reported.*’

The efficacy of single-agent ixazomib has also been dem-
onstrated by the results from a phase 2 Mayo Clinic study
(Table 1).54% In the first phase of this study, 33 patients with
RRMM and who had received a median of 2 prior therapies
(72% were bortezomib-naive) received weekly ixazomib
5.5 mg, with additional dexamethasone for insufficient
response.® A second phase of this trial assessed the efficacy
and tolerability of two doses of weekly ixazomib (4.0 mg and
5.5 mg) plus dexamethasone in heavily pretreated patients
who had received a median of 4 prior therapies (range: 2—6);
90% of patients had received prior immunomodulatory drugs
and 29% had received prior bortezomib. Overall response
rates were 31% with ixazomib 4.0 mg and 51% with ixazomib
5.5 mg, indicating the efficacy in these heavily pretreated
patients.®

Ixazomib in combination with Rd

Ixazomib is approved in combination with Rd in RRMM
patients who have received at least one prior therapy, based
on results from the phase 3 placebo-controlled, double-blind
TOURMALINE-MMI1 study.® The rationale for this phase 3
study and the feasibility of the all-oral ixazomib—Rd triplet
combination was demonstrated in two phase 1/2 studies in the
newly diagnosed setting. These two studies assessed weekly
ixazomib plus Rd (4 mg ixazomib on days 1, 8, and 15 of
28-day cycles, plus Rd) and twice-weekly ixazomib plus Rd
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(3 mgixazomib on days 1,4, 8, and 11 of 21-day cycles, plus
Rd) in patients with newly diagnosed MM, including those
eligible for ASCT.##%° In both studies, patients received a
fixed number of induction cycles of the ixazomib—Rd regimen
followed by maintenance therapy with single-agent ixazomib
on the same schedule. Encouraging efficacy was reported
with both schedules (Table 1), with 62% and 76% of patients
achieving >very good partial response (VGPR) with weekly
and twice-weekly ixazomib plus Rd.##*® These data indicate
the quality of response attained and suggest there may be a
clinical role for weekly and twice-weekly ixazomib dosing
regimens. Importantly, in the context of long-term treatment,
results from the phase 1/2 study of weekly ixazomib plus
Rd demonstrated the feasibility of extended treatment, with
patients remaining on therapy for >4 years and demonstrating
deepening responses with maintenance therapy.”*’

On the basis of these encouraging early-phase results,
ixazomib—Rd versus placebo—Rd was assessed in the global
phase 3, randomized, double-blind, placebo-controlled
TOURMALINE-MMI1 study. Uniquely in phase 3 studies
of MM triplet regimens, the all-oral administration of the
ixazomib—Rd regimen enabled a placebo—controlled, double-
blind study design, in which the independent review commit-
tee was blinded to both patient assignment and investigator
response assessment, increasing the rigor and reliability of
the study. The inclusion criteria were particularly broad to
better represent the global MM patient population, including
patients with mild-to-moderate renal impairment, primary
refractory patients, patients with free light chain-only disease,
and patients from East Asia.°

A total of 722 patients were randomized to receive ixazo-
mib 4 mg weekly versus matching placebo plus lenalidomide
and dexamethasone, until disease progression or unaccept-
able toxicity.® After a median follow-up of ~15 months,
there was a 35% improvement in the primary endpoint
PFS with ixazomib—Rd vs placebo—Rd (hazard ratio [HR],
0.74, p=0.01), equating to a clinically meaningful ~6 month
benefit in median PFS (median PFS 20.6 months vs 14.7
months; Table 1, Figure 1A).° Differences in study designs,
methodologies, and patient populations limit cross-trial
comparisons; however, the relative benefit with ixazomib—Rd
versus placebo—Rd appeared consistent with HRs reported
versus Rd for other proteasome inhibitor—Rd combinations.”

Overall response rates and >VGPR rates were 78.3%
versus 71.5% (p=0.04) and 48% versus 39% (p=0.01) with
ixazomib—Rd versus placebo—Rd (Table 1). Responses
were rapid and durable, with a median time to response
of 1.1 months versus 1.9 months and a median duration of

20.5 months versus 15.0 months in the ixazomib—Rd and
placebo—Rd arms, respectively. Importantly in the context of
long-term treatment, deepening responses were noted with
increasing treatment duration,® as seen in the earlier phase
1/2 study.*” OS data were not yet mature, and longer follow-
up data are needed.

A separate regional expansion of the global TOURMA-
LINE-MM1 study was conducted in China. The results of
this China continuation study showed a consistent PFS ben-
efit with ixazomib—Rd versus placebo—Rd (HR for PFS 0.6,
p=0.035) and a consistent improvement in overall response
rates (p=0.007), supporting the overall treatment benefit
of the ixazomib—Rd regimen.* Consistent with the global
study, there was limited additional toxicity with ixazomib—Rd
versus placebo—Rd.%

The ixazomib—Rd combination is also being assessed
versus placebo—Rd in the newly diagnosed setting in the
phase 3, double-blind, placebo-controlled TOURMALINE-
MM2 study (NCT01850524). The study is ongoing, but
recruitment is now complete.

Efficacy of ixazomib in specific patient

populations

The clinically meaningful PFS benefit with ixazomib—Rd
versus placebo—Rd in the TOURMALINE-MMI1 study was
seen across patient subgroups, including those with a poor
prognosis such as those with high-risk cytogenetic abnormali-
ties and multiple prior therapies (Figure 1B).

Patients with high-risk cytogenetic abnormalities
Patients with high-risk cytogenetic abnormalities have a
particularly poor prognosis.'*!® The 2016 International
Myeloma Working Group consensus paper recommends
a triplet regimen including a proteasome inhibitor and an
immunomodulatory drug for the treatment of patients with
high-risk cytogenetic abnormalities.'®*” Further, patients with
such poor prognosis should be treated until disease progres-
sion, recognizing the risk of rapid relapse in the absence of
sustained exposure to chemotherapy.®’” Although such regi-
mens have shown improved outcomes vs previous standards
of care in these patients, more needs to be done to close the
gap vs patients with standard-risk cytogenetics.

In the 137 patients with the high-risk cytogenetic
abnormalities del(17p), t(4;14), and/or t(14;16) in
TOURMALINE-MM1, the HR for PFS was 0.543 (95%
CI: 0.321, 0.918; p=0.021), and there was more than a
doubling in median PFS with ixazomib—Rd versus pla-
cebo-Rd (median PFS 21.4 vs 9.5 months).®® Of note in
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3 Log-rank test: p=0.012
é 0.4 HR for ixazomib group versus
o placebo group (95% ClI): 0.74 (0.59, 0.94)
Median PFS - mo: Ixazomib group: 20.6
0.2 Number of events: Placebo group: 14.7
Ixazomib group: 129
Placebo group: 157
0.0
0 2 4 6 8 10 12 14 16 18 20 22 24

Time from randomization (months)

Number of patients at risk:
Ixazomib group 360 345 332 315 298 283 270 248 233 224 206 182 145 119 111 95 72 58 44 34 26 14 9 1 0

Placebo group 362 340 325 308 288 274 254 237 218 208 188 157 130 101 85 71 58 46 31 22 15 5 3 0 0
B
Number Median PFS
of patients (months)

Ixazomib  Placebo Ixazomib  Placebo HR

Variable Subgroup group group group group
All patients All 360 362 20.6 14.7 0.74
<65 168 176 20.6 141 0.68
Age (years) >65-75 145 125 17.5 17.6 0.83
>75 47 61 18.5 13.1 0.87
(S't‘:’asﬁfsi;%zn lorll 314 318 214 157 0.75
factor) 1] 46 44 18.4 10.1 0.72
Cytogenetic Standard-risk 199 216 20.6 15.6 0.64
risk High-risk 75 62 214 9.7 0.54
Number of 1 224 217 20.6 15.9 0.83
prior therapies 2 97 11 17.5 14.1 075
3 39 34 NE 10.2 0.37
Proteasome Exposed 250 253 18.4 13.6 0.74
inhibitor Naive 110 109 NE 15.7 0.75
Prior immunomodulatory Exposed 193 204 NE 17.5 0.74
drug therapy Naive 167 158 20.6 13.6 0.70
R‘Tf'acw,’y to Yes 59 55 NE NE 0.71
ast prior No 301 307 20.6 14.1 0.74

therapy
Relapsed 276 280 18.7 15.6 0.77
Relapsed or Refractory 42 40 NE 13.0 0.78
refractory Relapsed and refractory 41 42 NE 131 0.51
0.250 0.500 1.000 2.000
Favors ixazomib group Favors placebo group

Figure | Kaplan—Meier analysis of PFS in the TOURMALINE-MMI study on the intent-to-treat population (A) and by prespecified patient subgroups (B) (data from final
statistical analysis for progression-free survival).

Notes: From New England Journal of Medicine, Moreau P, Masszi T, Grzasko N, et al.,, Oral ixazomib, lenalidomide, and dexamethasone for multiple myeloma, 374., 1621.
Copyright © 2016 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.®

Abbreviations: Cl, confidence interval; HR, hazard ratio; mo, month; NE, not estimable; PFS, progression-free survival.
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this particularly poor prognosis patient population, the
median PFS with ixazomib—Rd was similar to that seen
in patients with standard-risk cytogenetics (median PFS
with ixazomib—Rd, 21.4 months in high-risk patients vs
20.6 months in standard-risk patients).

The PFS benefit with ixazomib—Rd versus placebo—Rd
was consistent according to the presence or absence of each
cytogenetic abnormality, all of which have been shown to
be independent poor prognostic markers in MM.!® Of note,
the median PFS in the ixazomib group was 21.4 months in
patients with del(17p), which appeared similar to the median
of 20.6 months in the standard-risk patients.®

There is currently no agreed minimum percentage of
plasma cells carrying del(17p) for defining the presence
of this abnormality and for conferring poor prognosis;'®
different studies have used different values, ranging from
the presence of a single cell® to a cut-off threshold of 60%
of cells.” In the absence of an agreed standard, the protocol-
specified cut-offin TOURMALINE-MM1 was 5%, based on
the false-positive rate of the fluorescence in situ hybridization
probe used; however, a consistent PFS benefit was seen in
post hoc analyses using cut-offs of 20% and 60% of cells,
with HRs ranging from 0.490 to 0.611.%

Patients with prior exposure to proteasome
inhibitors/immunomodulatory drugs

Given the widespread use of immunomodulatory drugs and
proteasome inhibitors as front-line therapy, it is important for
an RRMM regimen to demonstrate efficacy in patients with
prior exposure to these agents. The TOURMALINE-MM 1
study included patients with prior exposure to proteasome
inhibitors and immunomodulatory drugs, although patients
refractory to proteasome inhibitors or lenalidomide were not
eligible (patients refractory to thalidomide were included;
refractoriness was defined as disease progression on treat-
ment or within 60 days after last dose of therapy). Of 722
patients, 69% had prior proteasome inhibitor therapy and
55% had prior thalidomide/lenalidomide therapy (23% were
refractory to thalidomide). Results demonstrated a consistent
efficacy benefit in terms of prolonged PFS with ixazomib—Rd
versus placebo—Rd regardless of prior exposure to protea-
some inhibitor or immunomodulatory drug therapy (HRs of
0.70-0.75 for proteasome inhibitor or immunomodulatory
drug-exposed/-naive patients; Figure 1B).® This consistent
benefit with ixazomib—Rd was also seen in patients who
were refractory to their last prior therapy (HR 0.71, vs
placebo-Rd).

Patients with multiple prior therapies

Long-term outcomes, including PFS and OS, are known to
worsen with increasing numbers of prior therapies,*” possibly
due to the development of treatment-resistant clones’ and also
increased rates of comorbidities and complications.'? Effective
therapies are therefore needed for this patient population. In
the TOURMALINE-MM1 study, ixazomib—Rd was associated
with a consistent PFS benefit versus placebo—Rd in patients
with 1, 2, or 3 prior therapies, with a notable PFS benefit in
patients with multiple prior therapies (Figure 1B).6 Of note,
the benefit with ixazomib—Rd versus placebo—Rd extended to
patients who were refractory to their last prior therapy and to
those who were relapsed and refractory (Figure 1B).

Ixazomib in other combination regimens
Reflecting combinations also studied during the clinical
development of the first-in-class proteasome inhibitor
bortezomib,?*?>42727 preliminary efficacy data have been
reported for ixazomib in combination with cyclophospha-
mide—dexamethasone, melphalan—prednisone, panobino-
stat—dexamethasone, and pomalidomide—dexamethasone,
supporting the suitability of ixazomib as a partner agent in
combination regimens.®!-7+-7

Ixazomib is being investigated in combination with cyclo-
phosphamide—dexamethasone, to give another all-oral triplet
regimen. Weekly ixazomib (4 mg) plus cyclophosphamide
(300 mg or 400 mg weekly) and dexamethasone is being
investigated in patients with RRMM and in those with newly
diagnosed MM, transplant-ineligible MM in a phase 2 study
(NCT02046070). The first report from the study has shown
preliminary efficacy in patients with newly diagnosed MM,
with an overall response rate of 71% after a median of 9
treatment cycles (78% vs 65% in the ICd-300 and 1Cd-400
arms, respectively), including a 2VGPR rate of 26% (28%
vs 21% with ICd-300 and ICd-400, respectively; Table 1).°!
As seen with the ixazomib—Rd regimen, responses appeared
to deepen over time."'

Ixazomib is also under investigation in combination with
panobinostat and dexamethasone. Although only including
11 patients, preliminary data from a phase 1 study of ixa-
zomib plus panobinostat—dexamethasone (NCT02057640)
indicated some activity in heavily pretreated RRMM patients
who had received a median of 5 prior therapies (range, 2—10)
(Table 1).

Building on the results seen with ixazomib plus lenalido-
mide and dexamethasone, initial results from two phase 1/2
studies have indicated encouraging preliminary efficacy with
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ixazomib in combination with pomalidomide and dexametha-
sone, including in patients refractory to prior bortezomib or
lenalidomide therapy.™’¢ The phase 2 portions of both studies
are ongoing, and updated data are expected.

Safety and tolerability

With the addition of the phase 3 TOURMALINE-MMI1 data
to the early-phase data reported previously, the generally
manageable toxicity profile of ixazomib is becoming clear.
Commonly reported adverse events (AEs) across studies
of ixazomib, both as a single-agent and in combination
regimens, included gastrointestinal AEs (diarrhea, con-
stipation, nausea, vomiting), rash, and thrombocytopenia
(Table 2),547-457.6061646575 many of which appeared primar-
ily to be low-grade. Encouragingly for the development of
combination regimens, the addition of ixazomib to the Rd
regimen was associated with limited additional toxicity, with
similar rates of AEs (98% vs 99%), serious AEs (47% vs
49%) and deaths during the study period (4% vs 6%), and
only a small increase in the rates of grade >3 AEs (74% vs
69%) with ixazomib-Rd vs placebo-Rd.® Discontinuation
of treatment due to AEs was similar on the two regimens,
allowing for long-term use of this regimen.

Key AEs seen in ixazomib studies
Thrombocytopenia

Thrombocytopenia is an overlapping toxicity seen with ixazo-
mib and lenalidomide, and has been seen in early-phase trials
of single-agent ixazomib*** and ixazomib in combination
with Rd (Table 2).#7:606!

Consistent with previous results with bortezomib, and
results from the phase 1/2 study of ixazomib—Rd,* there were
transient and cyclical decreases in platelet count in both the
ixazomib—Rd and placebo—Rd groups in TOURMALINE-
MM1. Although the rate of grade 3/4 thrombocytopenia was
higher with ixazomib—Rd versus placebo—Rd (12%/7% vs
5%/4%), most events appeared manageable with dose inter-
ruptions and reductions; there were few apparent clinical
sequelae as the rates of serious AEs of thrombocytopenia
(2% in each group), platelet transfusions (8% and 6%),
study regimen discontinuation due to thrombocytopenia (1%
in each group), and the occurrence of any-grade bleeding
events (20% vs 19%) were similar in the two groups.® Most
thrombocytopenia events occurred within the first 3 cycles
of therapy and there seemed to be no long-term cumulative
toxicity.

In early-phase studies, the incidence of thrombocytope-
nia was similar with weekly and twice-weekly single-agent

ixazomib (43% vs 42% overall, including 33% vs 37%
grade >3),%4 and with weekly and twice-weekly ixazomib
in combination with Rd (grade =3 thrombocytopenia 8% vs
6%) (Table 2).

Gastrointestinal AEs
Consistent with results from early-phase studies of single-
agent ixazomib and ixazomib—Rd, diarrhea was a common
AE in the TOURMALINE-MM1 study (Table 2).S However,
also consistent with previous studies, most such events were
of low grade and there were no apparent differences between
the ixazomib—Rd and placebo—Rd groups in the incidence
of potential complications of diarrhea such as hypokalemia,
dehydration, weight loss, hyponatremia, and hypomagnese-
mia. The incidence of the first occurrence of diarrhea was
highest during the first 3 months of treatment in both groups
and generally declined over time. With ixazomib—Rd, the
onset was predictable, primarily the day of or the day after
ixazomib dosing. Antidiarrheal medications were used to
manage diarrhea at the physician’s discretion, with loper-
amide being the most commonly prescribed medication.
Nausea and vomiting were also reported in early-phase
studies of ixazomib.** In TOURMALINE-MMI1, nausea
and vomiting were more common with ixazomib—Rd versus
placebo—Rd, but were primarily seen within the first few
months of treatment and were low-grade and manageable;
21% and 13% of patients in the ixazomib—Rd and placebo—Rd
groups used antiemetics.®

Rash

Rash was identified as a common AE in phase 1 studies of
single-agent ixazomib and of ixazomib—Rd, with incidences
of skin and subcutaneous tissue disorders (MedDRA System
organ class) ranging from 22% to 55%, including 3%—17%
grade >3 events (Table 2).4#% Using the higher level term
rashes, eruptions, and exanthems not elsewhere classified, as
reported in the US prescribing information, the incidences
were 20% versus 13% for any-grade events, including
2% versus 2% for grade 3 events.** Typical interventions
included antihistamines or topical glucocorticoids, but the
rash events tended to occur within the first few cycles and
resolved without intervention in 21% of patients in the ixa-
zomib—Rd group and 12% in the placebo—Rd group.

Peripheral neuropathy

PN is common with the first-in-class proteasome inhibitor
bortezomib,? particularly when administered intravenously
rather than subcutaneously.”” Much lower incidences have
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been reported with carfilzomib.” Low incidences of PN were
similarly reported in early-phase studies of ixazomib—Rd and
single-agent ixazomib, ¢ and supported by the phase 3
TOURMALINE-MM1 study results (Table 2). There was a
5% difference in the incidence of PN between treatment arms
in the double-blind, placebo-controlled TOURMALINE-
MMI study: 27% versus 22% in the ixazomib—Rd versus
placebo—Rd arms, with no difference in grade 3 PN (2% in
each arm). In the ixazomib—Rd and placebo-Rd arms, the
incidence of PN was similar in bortezomib-exposed and
bortezomib-naive patients (25% vs 31% with ixazomib—Rd,
and 21% vs 23% with placebo—Rd).*’

Neutropenia

Neutropenia increases the risk of bacterial and fungal infec-
tions and is commonly reported with MM therapy, including
bortezomib and lenalidomide. Phase 1 studies of single-agent
ixazomib reported incidences of grade =3 neutropenia of
18% and 17% with weekly and twice-weekly ixazomib
(Table 2), possibly reflecting patient populations with low
absolute neutrophil counts at baseline.**** However, similar
rates of grade >3 neutropenia were seen in the ixazomib—Rd
and placebo—Rd groups in the TOURMALINE-MMI1 study
(22% vs 24%, respectively), together with similar rates of
granulocyte colony-stimulating factor use (21% vs 20%),5
suggesting similar rates of neutropenia with the addition of
ixazomib to the Rd regimen. Neutropenia was reported most
frequently within the first 3 cycles, with no cumulative effect
seen across the study.

Other AEs of clinical interest
Consistent with the findings of the PK concentration-QTc
analysis,* there have been no safety concerns with respect
to cardiac toxicity for ixazomib. In TOURMALINE-MMI,
there were similar incidences of cardiac arrhythmia, heart
failure, and myocardial infarction in the ixazomib—Rd and
placebo—Rd arms (16% vs 15%, 4% in each arm, 1% vs 2%,
respectively).®

Similarly, there appear to be no safety concerns for ixa-
zomib with respect to renal failure or thromboembolism. In

Table 3 Phase 3 trials of ixazomib in MM

TOURMALINE-MMI, the rates of any-grade renal failure
(9% vs 11%) and any-grade thromboembolism (8% vs 11%)
were similar with ixazomib—Rd and placebo—Rd.¢

Patient-reported QoL
With the increased focus on long-term treatment, patient-
reported QoL is an increasingly important endpoint in
MM clinical trials. Patient-reported QoL was a secondary
endpoint of TOURMALINE-MMI1 and was assessed using
the EORTC QLQ-C307 and MY-20% questionnaires. Over
a median follow-up of 23 months, the addition of ixazomib
to the Rd regimen appeared to have no adverse impact on
patient-reported QoL, with similar mean EORTC QLQ-
C30 global scores and MY-20 side effect scores maintained
during treatment in both the ixazomib—Rd and placebo—Rd
arms, with significantly higher mean scores seen in the ixa-
zomib—Rd vs placebo—Rd arm for the physical, emotional,
and social scales,®! supporting the feasibility of long-term
administration of the ixazomib—Rd regimen. These QoL data
are notable given that TOURMALINE-MMI1 was a double-
blinded, placebo-controlled study, and there can be a tendency
to overestimate QoL and underestimate treatment burden in
the active arms of open-label studies.?>%3

The sustainability of the ixazomib—Rd regimen was also
highlighted by the high median relative dose intensity for
ixazomib (97.4% for ixazomib vs 98.8% for placebo); median
relative dose intensities for lenalidomide and dexamethasone
were also similar between the two arms (93.8% vs 96.6% for
lenalidomide, 92.2% vs 94.9% for dexamethasone).®

Ongoing phase 3 trials in MM

In addition to the TOURMALINE-MMI study, three other
phase 3 studies of ixazomib in MM are ongoing (Table 3).°
In the TOURMALINE-MM2 study (NCT01850524),
weekly ixazomib—Rd and placebo—Rd are being compared
in newly diagnosed patients with MM who are not eligible
for ASCT. As with TOURMALINE-MM1, the study incor-
porates a continuous therapy approach, with patients being
treated until disease progression or unacceptable toxicity;
after 18 cycles of initial treatment, dexamethasone will be

Study NCT number Regimen(s) Patients 1° endpoint  Status

Cl6010° NCTO01564537  Ixazomib-Rd vs placebo-Rd  Relapsed and/or refractory, |-3 prior therapies PFS Ongoing

Clé014 NCTO01850524  Ixazomib-Rd vs placebo-Rd  Newly diagnosed ASCT-ineligible PFS Ongoing

Clé019 NCTO02181413  Ixazomib vs placebo Newly diagnosed, with response to induction therapy PFS Ongoing
followed by ASCT

Cl6021 NCTO02312258  Ixazomib vs placebo Newly diagnosed, with response to induction therapy but PFS Recruiting
have not undergone ASCT

Abbreviations: ASCT, autologous stem cell transplant; MM, multiple myeloma; PFS, progression-free survival; Rd, lenalidomide-dexamethasone.
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discontinued and lenalidomide and ixazomib will be con-
tinued at a reduced dose until progression. The TOURMA-
LINE-MM3 (NCT02181413) and TOURMALINE-MM4
(NCT02312258) studies are assessing ixazomib, versus pla-
cebo, as maintenance therapy. Patients with newly diagnosed
MM who have had a response to induction therapy followed
by ASCT are eligible for TOURMALINE-MM3, and NDMM
patients who have had a response to induction therapy but
have not undergone ASCT are eligible for TOURMALINE-
MMA4. In both studies, patients will receive ixazomib at a
fixed dose of 3.0 mg for the first 4 cycles, which will then
be increased to 4.0 mg if tolerability is acceptable, per the
results of the exposure—safety—efficacy analyses.?

This comprehensive phase 3 program is complemented
by a large investigator-initiated clinical study program
(>70 ongoing investigator-initiated clinical studies), with
MM cooperative groups throughout the world now assessing
ixazomib in a clinical trial setting. Further, the open-label
observation INSIGHT-MM trial (NCT02761187) will collect
‘real-world’ clinical data on ixazomib outside of a clinical
trial setting. This continued clinical research aims to further
understand both the disease and the role of ixazomib in its
treatment.

Conclusion

Proteasome inhibition is a backbone of MM treatment, and
the oral proteasome inhibitor ixazomib is a promising MM
treatment, demonstrating anti-myeloma activity and a gener-
ally well-tolerated and manageable toxicity profile, both as
a single agent and in combination.

Data from the phase 3 TOURMALINE-MM!1 study dem-
onstrated that ixazomib adds another option to the RRMM
treatment armamentarium, with a similar HR seen for ixazo-
mib plus Rd versus Rd as seen in other studies of proteasome
inhibitors plus Rd. Together with limited additional toxicity,
and maintained patient-reported QoL, the oral administration
of ixazomib may offer a simpler, less burdensome, and sus-
tained proteasome inhibitor therapy. Particularly encouraging
data have also been reported in patients with a poor prognosis,
such as those with multiple prior lines of therapy and those
with high-risk cytogenetic abnormalities. The efficacy in
patients with high-risk cytogenetics is particularly notable,
as these patients appear to need prolonged, sustained, active
therapy with a proteasome inhibitor,>*¢” all of which appears
feasible with ixazomib.

Importantly in the era of triplet regimens, PK studies
have demonstrated that ixazomib can be readily combined
at full dose with other therapeutic agents. Of relevance to

the global, real-world MM patient population, PK studies
have also shown that ixazomib can be administered without
any dose adjustment to Asian patients and, at a lower dose
of 3 mg, to patients with severe renal impairment or end-
stage renal disease and to patients with moderate or severe
hepatic impairment.

Investigation of ixazomib is ongoing, in NDMM and as
long-term maintenance therapy after ASCT or other induc-
tion regimens, and in combination with other agents in
patients with RRMM. The results of these trials are awaited
with interest and will be used to further define the role of
ixazomib in the treatment of MM in terms of optimal com-
bination regimens and therapeutic approaches in different
patient populations.

In summary, ixazomib is an effective therapeutic option
in the treatment of RRMM, which, due to its oral admin-
istration, limited additional toxicity, and the demonstrated
feasibility of its administration in combination regimens, is
likely to have an important role in the long-term treatment
of patients with MM.
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