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Multiple myeloma is a cancer of plasma cells in 
the bone marrow that often leads to bone de-
struction and bone marrow failure.1,2 According 

to the American Cancer Society, more than 26,800 new 
cases of multiple myeloma were diagnosed in 2015, and 
11,240 deaths were attributed to the disease.3

Representing approximately 1% of all cancers, multiple 
myeloma is the second most common hematologic malig-
nancy after non-Hodgkin lymphoma.4 The incidence of 
multiple myeloma is higher among men than in women.1 
Individuals aged ≥65 years, those with a family history of 
the disease, and those with a history of monoclonal gam-
mopathy of un determined significance are at increased 
risk for multiple myeloma.1 Several common complica-
tions of multiple myeloma include bone pain, kidney 
dysfunction, bone loss, impaired immunity, and anemia.5

Although the overall incidence of multiple myeloma 
continues to increase, the mortality rates associated with 
this malignancy have declined during the past 20 years.1,6 
Specifically, the advent of novel therapy options for 
multiple myeloma, as well as improvements in high-dose 
therapy and supportive care have contributed to extend-
ed survival for patients with multiple myeloma.6

New anticancer drugs and novel combinations have 
emerged in part because of improved understanding of 
the bone marrow microenvironment and the biology of 
multiple myeloma.7 Immune modulators and proteasome 
inhibitors now represent the cornerstones of initial treat-
ment for multiple myeloma based on their ability to en-
hance the overall response rates and survival.2,7

Because novel agents have had a considerable impact 
on the US healthcare system, understanding their rela-
tive cost-effectiveness is important for ensuring efficient 
use. Overall, 2 recent evaluations of the economics of 
new agents in multiple myeloma resulted in similar con-
clusions.8,9 Using claims data from more than 2600 pa-
tients with multiple myeloma, one study showed that the 
1-year cost of bortezomib-based therapy was similar to 
the cost of older drug combinations (approximately 
$112,000 each), whereas the costs of thalidomide- and 

lenalidomide-based regimens were significantly higher 
(approximately $130,500 and $159,200, respectively) 
than older combinations.8 In addition, patients taking 
thalidomide and lenalidomide had higher out-of-pocket 
costs because of Medicare Part D coverage gaps.8 

The second study modeled the cost-effectiveness of 
novel agents combined with melphalan and prednisone 
in patients with newly diagnosed multiple myeloma who 
were ineligible for a transplant.9 The researchers con-
cluded that adding bortezomib to melphalan and predni-
sone was more cost-effective than adding thalidomide or 
lenalidomide to the same drug combination.9

Despite strides in the treatment of patients with mul-
tiple myeloma, patients will experience disease relapse 
after initial treatment, and multiple lines of therapy are 
typically required. Considerations for patients with re-
lapsed or refractory multiple myeloma include the dura-
tion of response to previous treatment and the risk for 
toxicity. There remains a marked need for additional 
therapeutic options for this patient population.10

Ixazomib Approved for Relapsed or Refractory 
Multiple Myeloma

On November 20, 2015, the US Food and Drug Ad-
ministration (FDA) approved ixazomib (Ninlaro; Take-
da Oncology) capsules in combination with lenalido-
mide and dexamethasone for the treatment of patients 
with relapsed or refractory multiple myeloma who re-
ceived at least 1 previous therapy.11,12 Ixazomib is the first 
oral proteasome inhibitor approved by the FDA for this 
patient population.11

The safety and efficacy of ixazomib were demon-
strated in the TOURMALINE-MM1 study, an interna-
tional, phase 3, double-blind clinical trial.11-14 More 
than 720 patients with relapsed and/or refractory mul-
tiple myeloma were randomized to ixazomib plus lena-
lidomide and dexamethasone or to placebo plus lena-
lidomide and dexamethasone.11-14 After the first 
prespecified interim analysis, treatment with ixazomib 
plus lenalidomide and dexamethasone significantly ex-

Ninlaro (Ixazomib): First Oral Proteasome 
Inhibitor Approved for the Treatment of 
Patients with Relapsed or Refractory 
Multiple Myeloma
By Lisa A. Raedler, PhD, RPh, Medical Writer



103 www.AHDBonline.com  l  American Health & Drug Benefits  lVol 9  l  Special Feature  l  March 2016

tended progression-free survival (PFS) compared with 
placebo plus lenalidomide and dexamethasone.11-14

Richard Pazdur, MD, Director of the FDA’s Office of 
Hematology and Oncology Products, said, “As we learn 
more about the underlying biology of multiple myeloma, 
we are encouraged to see the development of new ways 
to treat this disease. Today’s approval…provides patients 
with a new oral treatment that slows disease progression 
when other therapy has failed.”11

Mechanism of Action
Ixazomib is a reversible proteasome inhibitor that 

preferentially binds to the beta 5 subunit of the 20S pro-
teasome and inhibits its chymotrypsin-like activity.12 
Based on in vitro studies, ixazomib induces apoptosis of 
multiple myeloma cell lines. It was also cytotoxic against 
myeloma cells from patients whose disease relapsed after 
previous therapies, including bortezomib, lenalidomide, 
and dexamethasone.12

Dosing and Administration 
The recommended starting doses of each component 

of the 28-day regimen are ixazomib 4 mg once weekly 
on days 1, 8, and 15; lenalidomide 25 mg once daily on 
days 1 through 21; and dexamethasone 40 mg once 
weekly on days 1, 8, 15, and 22.

The recommended starting dose of ixazomib in pa-
tients with moderate or severe hepatic impairment, se-
vere renal impairment, or end-stage renal disease requir-
ing dialysis is 3 mg.12

Ixazomib should be taken on the same day of the week 
and at approximately the same hour of the day. Ixazomib 
should be taken at least 1 hour before or at least 2 hours 
after eating. The capsule should be swallowed with water 
and should not be crushed, chewed, or opened.12

If a dose of ixazomib is delayed or missed, the dose 
should be taken only if the next scheduled dose is ≥72 
hours away. The patient should not take a double dose of 
ixazomib to account for the missed dose. Overall, 3 cap-
sule strengths are available for ixazomib—4 mg, 3 mg, 
and 2.3 mg.12

Clinical Trials
TOURMALINE-MM1 

TOURMALINE-MM1, a multinational, randomized, 
double-blind study, compared ixazomib plus lenalidomide 
and dexamethasone versus placebo plus lenalidomide and 
dexamethasone in patients with multiple myeloma whose 
disease progressed during or after 1 to 3 previous thera-
pies.11-14 Overall, 722 patients were randomized in a 1:1 
ratio to the active triple-drug regimen or to placebo plus 
lenalidomide and dexamethasone until disease progres-
sion or until unacceptable toxicity.12-14

The treatment cycles were repeated every 28 days in 
both study arms. Randomization was stratified according 
to the number of previous lines of therapy (1 vs 2 or 3), 
myeloma International Staging System (stage I or II vs 
stage III), and previous therapy status with a proteasome 
inhibitor (exposed vs not exposed).12-14

The primary efficacy end point in TOURMA-
LINE-MM1 was PFS according to the 2011 Internation-
al Myeloma Working Group Consensus Uniform Re-
sponse Criteria.12 The response assessments were 
conducted every 4 weeks until disease progression.12-14

Demographic and baseline characteristics were simi-
lar between the treatment arms.12 The patients’ median 
age was 66 years.12

The majority (87%) of patients who received ixazomib 

Table
    The TOURMALINE-MM1 Clinical Trial: Ixazomib plus 

Lenalidomide and Dexamethasone versus Placebo plus 
Lenalidomide and Dexamethasone

Efficacy parameter

Ixazomib/
lenalidomide/

dexamethasone
(N = 360)

Placebo/
lenalidomide/ 

dexamethasone
(N = 362)

Progression-free survival

Events, N (%) 129 (36) 157 (43)

Median, mo 20.6 (95% CI, 
17.0-NE)

14.7 (95% CI, 
12.9-17.6)

Hazard ratio 0.74 (95% CI, 0.59-0.94)

Stratified log-rank P value .012

Response rate

Overall response, % 78 72

Complete response, % 12 7

Very good partial response, % 36 32

Partial response, % 30 33

CI indicates confidence interval; NE, not evaluable.
Source: Ninlaro (ixazomib) capsules prescribing information; 
November 2015. 
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plus lenalidomide and dexamethasone had stage I or II 
disease and 62% had received 1 previous therapy for mul-
tiple myeloma.12 Overall, 59% of the patients receiving 
ixazomib plus lenalidomide and dexamethasone had un-
dergone stem-cell transplantation for multiple myeloma.12

The PFS was significantly improved in the active 
combination arm compared with the placebo arm 
(Table).12 The median PFS was 20.6 months among pa-
tients receiving the ixazomib-based combination com-
pared with 14.7 months in the placebo arm, a significant 
(P = .012) difference (hazard ratio, 0.74; 95% confidence 
interval, 0.59-0.94).12

The median time to response was 1.1 months with ix-
azomib compared with 1.9 months with placebo.12 In the 
response evaluable population, the median duration of re-
sponse was 20.5 months versus 15 months, respectively.12 

After a median follow-up of 23 months, a planned 
interim analysis of overall survival (OS) was conducted 
with 35% of the required number of deaths for the final 
OS analysis; an OS benefit was not demonstrated.12

Adverse Events
Among patients receiving the ixazomib combination 

regimen in TOURMLINE-MM1, the most common 
adverse reactions (all grades) reported at a rate of ≥20% 
compared with the placebo arm included thrombocyto-
penia (78% vs 54%), neutropenia (67% vs 66%), diar-
rhea (42% vs 36%), constipation (34% vs 25%), periph-
eral neuropathies (a pooled term; 28% vs 21%), nausea 
(26% vs 21%), peripheral edema (25% vs 18%), vomit-
ing (22% vs 11%), and back pain (21% vs 16%).12

Serious adverse reactions reported in ≥2% of pa-
tients receiving the active regimen included thrombo-
cytopenia (2%) and diarrhea (2%).12 For each of these 
adverse reactions, ≥1 of the 3 drugs was discontinued in 
≤1% of patients receiving ixazomib plus lenalidomide 
and dexamethasone.12

Various eye disorders were reported in 26% of patients 
receiving the ixazomib combination regimen compared 
with 16% of patients in the placebo arm.12 The most 
common eye disorders that were more common with ix-
azomib than with placebo included blurred vision (6% vs 
3%, respectively), dry eye (5% vs 1%, respectively), and 
conjunctivitis (6% vs 1%, respectively).12 Grade 3 eye 
disorders were reported in 2% of patients receiving the 
ixazomib combination and in 1% of patients receiving 
the placebo combination.12

Ixazomib does not have any contraindications.12

Drug Interactions
Ixazomib should not be used concomitantly with 

strong cytochrome P3A inducers (ie, rifampin, phenyt-
oin, carbamazepine, and St. John’s wort).12

Warnings and Precautions
Thrombocytopenia. Platelet nadirs associated with 

ixazomib therapy typically occurred between days 14 and 
21 of each 28-day cycle and recovered to baseline levels 
by the beginning of the next cycle.12 The discontinua-
tion of ≥1 of the 3 drugs in the regimen because of 
thrombocytopenia occurred in <1% of patients who re-
ceived the ixazomib combination and in 2% of patients 
who received the placebo combination.12 

Platelet counts should be evaluated at least monthly 
during treatment with ixazomib.12

Gastrointestinal toxicities. Diarrhea, constipation, 
nausea, and vomiting occasionally required the use of 
antidiarrheal and antiemetic medications.12

Peripheral neuropathy. The majority of peripheral 
neuropathy reactions were grade 1 or 2.12 Grade 3 pe-
ripheral neuropathy was reported in 2% of patients re-
ceiving both regimens.12 Patients taking ixazomib should 
be monitored for symptoms of neuropathy.12

Peripheral edema. The majority of peripheral edema 
reactions observed with ixazomib were grade 1 or 2.12 
Ixazomib dosing should be adjusted if grade 3 or 4 periph-
eral edema occurs.12

Cutaneous reactions. Grade 3 rash—typically macu-
lopapular and macular—was reported in 3% of patients 
receiving ixazomib and in 1% of patients receiving pla-
cebo.12 Supportive care and dose modification should be 
considered if grade ≥2 rash occurs with ixazomib.12

Hepatotoxicity. Drug-induced liver injury, hepatocel-
lular injury, hepatic steatosis, hepatitis cholestatic, and 
hepatotoxicity have each been reported in <1% of pa-
tients taking ixazomib.12 Patients receiving ixazomib 
should be tested for hepatic enzymes regularly, and the 
ixazomib dose should be adjusted if grade 3 or 4 events 
are observed.12

Specific Populations
Pregnancy. Ixazomib can cause fetal harm when ad-

ministered during pregnancy. Women should avoid be-
coming pregnant while taking ixazomib.12 Females of 
reproductive potential should be advised to use effective 
contraception during treatment with ixazomib and for 90 
days after the final dose.12 

Lactation. It is not known whether ixazomib or its 
metabolites are present in human milk.12 Women taking 
ixazomib should discontinue nursing.12

Men and women of reproductive potential. Effective 
contraceptives should be used while taking ixazomib and 
for 90 days after treatment with ixazomib.12

Pediatric use. The safety and effectiveness of ixazo-
mib have not been established in children.12

Geriatric use. Of the patients with multiple myeloma 
in clinical studies of ixazomib, 55% were aged ≥65 years 



105 www.AHDBonline.com  l  American Health & Drug Benefits  lVol 9  l  Special Feature  l  March 2016

and 17% were aged ≥75 years.12 No differences in safety 
were observed between the younger and older cohorts.12

Hepatic impairment. In patients with moderate or 
severe hepatic impairment, blood levels of ixazomib in-
creased by 20% compared with patients with normal 
liver function.12 The starting dose of ixazomib should be 
reduced in this patient population.12

Renal impairment. In patients with severe renal 
impairment or end-stage renal disease requiring di-
alysis, blood levels of ixazomib increased by 39% com-
pared with normal renal function.12 The starting dose of 
ixazomib should be reduced in this patient population. 
Because ixazomib is not dialyzable, it can be adminis-
tered without regard to dialysis timing.12

Conclusion
Ixazomib is the first oral proteasome inhibitor to 

demonstrate clinical benefit and an acceptable safety 
profile in patients with relapsed or refractory multiple 
myeloma. The TOURMALINE-MM1 study demon-
strated that adding ixazomib to lenalidomide and 
dexamethasone significantly enhanced PFS compared 
with placebo plus lenalidomide and dexamethasone in 
patients with relapsed or refractory multiple myeloma. 
The combination of ixazomib plus lenalidomide and 
dexamethasone represents the first all-oral triple ther-
apy for patients with relapsed or refractory multiple 
myeloma.

In addition to the TOURMALINE-MM1 clinical 
trial, 4 global phase 3 trials are ongoing for ixazomib, in-
cluding TOURMALINE-AL1, ixazomib plus dexameth-
asone in patients with relapsed or refractory amyloid 
light-chain amyloidosis; TOURMALINE-MM2, ixazo-
mib plus lenalidomide and dexamethasone versus place-

bo plus lenalidomide and dexamethasone in patients 
with newly diagnosed multiple myeloma; TOURMA-
LINE-MM3, ixazomib versus placebo as maintenance 
therapy in patients with newly diagnosed multiple myelo-
ma after induction therapy and autologous stem-cell 
transplantation; and TOURMALINE-MM4, ixazomib 
versus placebo as maintenance therapy in patients with 
newly diagnosed multiple myeloma who have not under-
gone autologous stem-cell transplantation. n
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Ixazomib is the first oral proteasome 
inhibitor to demonstrate clinical 
benefit and an acceptable safety 
profile in patients with relapsed or 
refractory multiple myeloma.


