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Abstract
Real-world studies permit inclusion of a more diverse patient population and provide more information on the effectiveness 
of treatments used in routine clinical practice. This prospective, multicenter, observational study investigated the effective-
ness and safety of ixazomib plus lenalidomide and dexamethasone (IRd) in 295 patients with relapsed/refractory multiple 
myeloma (RRMM) in routine clinical practice in Japan. Patients had a median age of 74 years, 80.0% were aged ≥ 65 years, 
42.0% had received ≥ 3 lines of prior treatment, and 28.5% were “frail” according to the International Myeloma Working 
Group frailty score. After a median follow-up of 25.0 months, median progression-free survival (PFS) was 15.3 (95% CI 
12.4–19.5) months, while median overall survival was not reached. The overall response rate was 53.9%, and 31.5% of 
patients had a very good partial response or better. In the subgroup analysis, median PFS was better in patients with 1 versus 
2 or ≥ 3 lines of prior treatment (29.0 vs 19.2 or 6.9 months) and paraprotein versus clinical relapse (16.0 vs 7.9 months), 
but median PFS was not notably affected by frailty score or age group. Dose adjustment was more frequent among patients 
aged > 75 years, especially early after IRd treatment initiation. Treatment-emergent adverse events (TEAEs) of any grade 
occurred in 84.4% of patients and 24.7% of patients discontinued treatment due to TEAEs; no new safety concerns were 
found. These findings suggest that oral IRd triplet regimen is an effective and tolerable treatment option for RRMM patients 
in real-world settings outside of clinical trials.
ClinicalTrials.gov identifier: NCT03433001; Date of registration: 14 February 2018.
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Introduction

According to the Global Cancer Observatory report, the 
number of new cases of multiple myeloma (MM) in Japan 
in 2020 was 7,234 and the 5-year prevalence rate was 15.2 
per 100,000 persons [1]. The median age at diagnosis is 
69 years, and the incidence of MM is expected to increase as 
society ages [2]. Moreover, with a rapidly aging population, 
the number of elderly and frail MM patients is increasing 
in Japan [3].

In recent years, the availability of drugs with novel 
mechanisms of action, such as proteasome inhibitors (PIs), 
immunomodulators and anti-CD38 monoclonal antibod-
ies, has considerably improved therapeutic outcomes [4–6]. 
Ixazomib is an oral PI [7, 8], which in combination with 
lenalidomide and dexamethasone (hereafter referred to as 
IRd) was approved in Japan for the treatment of relapsed/
refractory MM (RRMM) in 2017 [9]. This approval was 
based on the results of the phase III TOURMALINE-MM1 
trial, which included 41 Japanese patients [10]. Compared 
with placebo in combination with lenalidomide and dexa-
methasone (Rd), IRd demonstrated superior progression-free 
survival (PFS; median 20.6 vs 14.7 months; hazard ratio 
[HR] = 0.74; p = 0.01) and a higher overall response rate Extended author information available on the last page of the article
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(ORR; 78% vs 72%; p = 0.04) as well as a higher rate of 
patients experiencing, as a minimum, a very good partial 
response rate (≥ VGPR; 48% vs 39%; p = 0.01), with limited 
additional toxicity [10].

However, treatment outcomes in routine clinical practice 
are often poorer than those in randomized clinical trials of 
MM therapy [11]. In part, this could result from the fact 
that up to 72% of real-world patients with RRMM do not 
meet the eligibility criteria for clinical trials [12]. Real-world 
studies with less stringent eligibility criteria may include 
a more diverse population of RRMM patients and provide 
more information on the effectiveness of treatments used in 
routine clinical practice.

Real-world data on the use of IRd in Japanese RRMM 
patients are limited. Therefore, a prospective, observational 
study was conducted to investigate the effectiveness and 
safety of IRd therapy in patients with RRMM in routine 
clinical practice in Japan.

Methods

Study design

This was a non-interventional, multicenter, prospective, 
observational study conducted in Japan in patients with 
RRMM who were treated with IRd. The study was regis-
tered at ClinicalTrials.gov (identifier: NCT03433001) on 
14 February 2018 and the Japan Pharmaceutical Informa-
tion Center – Clinical Trials Information (identifier: Japi-
cCTI-183860) on 09 February 2018. Patients were enrolled 
at 81 sites in Japan between April 2018 and May 2019. The 
observation period for each patient was from the start of 
IRd therapy until either 24 months after the enrollment date 
of the final patient, or until death or withdrawal of consent, 
whichever was earlier.

This study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki and the Ethi-
cal Guidelines for Medical and Health Research Involving 
Human Subjects, and complied with all applicable laws and 
regulations, including data privacy laws, and guidelines and 
regulations on conflicts of interest. Written informed consent 
was obtained from all patients prior to any study procedures 
being undertaken.

Patient selection and treatment

The study enrolled adult (age ≥ 20  years) patients 
with RRMM scheduled to start IRd therapy, including 
those who were refractory to prior lenalidomide or PI-
based therapy, while patients with a history of previous 

treatment with ixazomib were excluded (see Supplemen-
tary Table S1 for complete inclusion/exclusion criteria). 
Patient care and evaluations were determined by the 
treating physicians.

Patients received IRd treatment in accordance with the 
Japanese package insert of each individual drug [13–15]. 
As such, the recommended starting dose of each drug, 
administered as a 28-day treatment cycle was: ixazomib 
4 mg once weekly administered orally on Days 1, 8, and 
15 [14]; lenalidomide 25 mg/day, administered on Days 1 
through 21 [13]; and dexamethasone 40 mg once weekly, 
administered on Days 1, 8, 15, and 22 [15]. However, the 
starting dose for lenalidomide was adjusted according to 
patients’ baseline renal function (i.e., creatinine clearance 
value) [13]. Treatment was continued until disease pro-
gression or the development of unacceptable toxicity, or 
patient/physician decision to end treatment.

Endpoints

The primary endpoint was PFS. Secondary endpoints were: 
PFS rates at 12 and 24 months; overall survival (OS); best 
response; ORR; time to next treatment (TTNT); duration 
of therapy (DOT); duration of response (DOR); proportion 
of patients continuing treatment at 12 and 24 months; rate 
of minimal residual disease (MRD) negativity at complete 
response (CR); relative dose intensity (RDI) for ixazomib, 
lenalidomide, and dexamethasone; health-related quality 
of life (HRQoL), evaluated by patient-reported instru-
ments including the European Organisation for Research 
and Treatment of Cancer Quality of Life Questionnaire-
Core 30 module (EORTC QLQ-C30) and the myeloma-
specific module (EORTC QLQ-MY20); and assessment 
of the severity, frequency, and incidence of any treatment-
emergent adverse events (TEAEs; for additional informa-
tion on definitions of endpoints and assessments, see the 
Supplementary Methods). Subgroup analyses were also 
conducted by age, frailty score, number of prior regimens, 
type of relapse (clinical or paraprotein) before IRd, and 
cytogenetic risk [t(4;14), t(14;16), t(11;14), del(17p), or 
1q21 gain]. Clinical relapse was defined as disease recur-
rence with CRAB (i.e., calcium elevation, renal insuffi-
ciency, anemia, and bone abnormalities) symptoms, and 
paraprotein relapse as disease recurrence with elevated 
M-protein levels but without CRAB symptoms. Cytoge-
netic risks were defined as follows: high-risk was the pres-
ence of ≥ 1 of t(4;14), t(14;16), or del(17p); standard-risk 
was the absence of high-risk cytogenetic abnormalities; 
expanded high-risk was the presence of ≥ 1 of t(4;14), 
t(14;16), or del(17p), and/or 1q21 gain; and modified 
standard-risk was the absence of expanded high-risk 
cytogenetic abnormalities.
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Statistical analysis

The planned sample size was 300 patients. Assuming that 
IRd therapy would have a similar median PFS (the primary 
outcome) as reported for Rd therapy in Japanese patients 
with RRMM (15–18 months) [10, 16–18] and that there 
would be no difference in the relative effectiveness of IRd 
versus Rd in this study versus the TOURMALINE-MM1 
study [10], we estimated that a population of 300 patients 
would be required to achieve a PFS of 18.8–22.5 months 
with an accuracy of ± 3 months. Data were analyzed in the 
full analysis set (FAS), which comprised all enrolled patients 
who received at least one dose of ixazomib, and the safety 
analysis set, which comprised all patients who received at 
least one dose of any drug used in IRd therapy (i.e., ixa-
zomib, lenalidomide, or dexamethasone). Baseline patient 
characteristics and response and safety data were sum-
marized using descriptive statistics. PFS, OS, TTNT, and 
DOR were estimated for the FAS using the Kaplan–Meier 
method. The two-sided 95% confidence intervals (CIs) for 
ORR and MRD negativity were calculated based on a bino-
mial distribution. Summary statistics for the RDI of ixa-
zomib, lenalidomide, and dexamethasone were calculated 
in the safety analysis set. For evaluating the association of 
PFS with patient baseline factors of interest, univariate and 
multivariate Cox proportional hazards regression analyses 
were used to determine HRs and associated 95% CIs. All 
statistical analyses were conducted with SAS version 9.4.

Results

Patient background

A total of 295 patients with RRMM who had received at 
least one cycle of therapy with IRd were included in this 
analysis and comprised the FAS. Patient demographics, 
disease characteristics, and prior treatment exposure are 
described in Table 1. Patients had a median age of 74 years 
and 38.6% were aged > 75 years. Mean time from initial 
diagnosis was 46.1 months. The most common type of 
myeloma was immunoglobulin G (IgG) type (50.8% of 
patients). At study entry, 70.5% of patients were Interna-
tional Staging System stage I or II (10.5% were stage III 
and data for 19.0% of patients were missing), and 15.6% 
had an Eastern Cooperative Oncology Group (ECOG) per-
formance status of ≥ 2. Additionally, 37.3% of patients had 
a creatinine clearance of < 60 mL/min, including 11.6% 
with a creatinine clearance of < 30 mL/min, and more 
than half of the study population were “frail” or of “inter-
mediate fitness” according to the International Myeloma 
Working Group (IMWG) frailty score. Moreover, 23.1% 
of patients had high-risk cytogenetic abnormalities and 

Table 1   Baseline demographics and disease characteristics in patients 
with RRMM included in the full analysis set

N = 295

Age, median (range), years 74 (43–90)
   ≤ 65, n (%) 59 (20.0)
   > 65 to ≤ 75, n (%) 122 (41.4)
   > 75, n (%) 114 (38.6)

Male sex, n (%) 168 (56.9)
Type of myeloma, n (%)

  IgG type 150 (50.8)
  IgA type 69 (23.4)
  Bence Jones type 62 (21.0)
  Other 14 (4.7)

Time since initial diagnosis, median (range), 
months

35.0 (0.6–240.2)

ECOG performance status, n (%)
  0 or 1 237 (80.3)
  2 23 (7.8)
   ≥ 3 23 (7.8)
  Missing 12 (4.1)

ISS stage (at IRd initiation), n (%)
  Stage I or II 208 (70.5)
  Stage III 31 (10.5)
  Missing 56 (19.0)

Creatinine clearance, mL/min, n (%)
   < 60 110 (37.3)
   ≥ 60 167 (56.6)
  Missing 18 (6.1)

IMWG frailty score, n (%)a

  Frail 84 (28.5)
  Intermediate fitness 72 (24.4)
  Fit 124 (42.0)
  Missing 15 (5.1)

Disease status, n (%)
  Clinical relapseb 69 (23.4)
  Paraprotein relapsec 156 (52.9)
  Other 70 (23.7)

Cytogenetic risk, n (%)d

  High-riske 68 (23.1)
  Standard riskf 156 (52.9)
  Expanded high-riskg 148 (50.2)
  Modified standard riskh 76 (25.8)
  Missing 71 (24.1)

Prior treatment regimens, median (range), months 2.0 (1.0–12.0)
  1, n (%) 90 (30.5)
  2, n (%) 81 (27.5)
  3, n (%) 63 (21.4)
   ≥ 4, n (%) 61 (20.7)

Prior stem cell transplant, n (%) 91 (30.8)
Prior proteasome inhibitor therapy, n (%)

  Bortezomib 226 (76.6)
  Carfilzomib 38 (12.9)
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50.2% had expanded high-risk cytogenetic abnormalities. 
Cytogenetic abnormalities included t(4;14) in 11.9% of 
patients, t(14;16) in 1.7%, t(11;14) in 12.9%, del(17p) in 
15.3%, and 1q21 gain in 42.0% of patients. The number of 
patients with double or triple cytogenetic abnormalities is 
given in Supplementary Table S2.

Before study entry, 42.0% of patients had received ≥ 3 
lines of prior treatment (Table  1). The proportion of 
patients with 1, 2 and ≥ 3 prior regimens among patients 
with high-risk cytogenetic abnormalities were 23.5%, 
27.9%, and 48.5%, respectively. In contrast, the propor-
tion of patients with 1, 2, and ≥ 3 prior regimens among 
patients with standard-risk cytogenetic abnormalities were 
32.7%, 28.8%, and 38.5%, respectively. The most com-
mon regimen received at any line of treatment prior to 
initiating IRd was lenalidomide + dexamethasone (52.5% 
of patients), followed by bortezomib + dexamethasone 
(36.9%) and bortezomib + lenalidomide + dexamethasone 
(20.0%; Supplementary Table S3). The most common regi-
mens received in the treatment line immediately prior to 
IRd initiation were lenalidomide + dexamethasone (30.5% 
of patients), bortezomib + lenalidomide + dexamethasone 
(9.8%), and bortezomib + dexamethasone (9.5%; Supple-
mentary Table S4).

Treatment regimen

In cycle 1 of treatment, 290 patients (98.3%) received IRd, 
while others received ixazomib + lenalidomide (n = 3; 1.0%), 
ixazomib + dexamethasone (n = 1; 0.3%), or ixazomib 
monotherapy (n = 1; 0.3%). Of the five patients who did 
not receive IRd in cycle 1, two patients (who had received 
ixazomib + lenalidomide) dropped out in cycle 1, while the 
other three received IRd therapy at the appropriate time in 
cycle 2 or later.

Treatment exposure

The mean (standard deviation [SD]) and median RDIs were 
66.5% (21.1) and 66.7% for ixazomib, 44.7% (22.8) and 
44.0% for lenalidomide, and 41.1% (26.6) and 39.9% for 
dexamethasone. The proportion of patients who had a dose 
adjustment for ixazomib and lenalidomide are shown in 
Fig. 1a. Dose adjustment was more frequent among patients 
aged > 75 years, especially between cycles 1 and 5. Moreo-
ver, a higher proportion of patients aged > 75 years tended to 
start at a lower dose compared with patients aged ≤ 65 years 
or > 65– ≤ 75 years (Fig. 1b).

Effectiveness

After a median follow-up of 25 months, median PFS was 
15.3 (95% CI 12.4–19.5) months (Fig. 2a). The PFS rates 
at 12 and 24 months were 57.0% (95% CI 51.0–63.0%) and 
41.0% (95% CI 35.0–47.0%), respectively. Median OS was 
not estimable (Fig. 2b). The OS rates were 82.0% (95% CI 
77.0–86.0%) and 71.0% (95% CI 65.0–76.0%) at 12 and 
24 months, respectively.

The ORR was 53.9%, and 31.5% of patients (n = 93) 
had ≥ VGPR, with the CR rate being 23.1% (n = 68; Fig. 3). 
Median DOT during this study was 246 (range 1–1108) 
days. Median TTNT was 13.2 (95% CI 11.1–15.1) months 
and median DOR was 29.7 (95% CI 23.4–not reached) 
months (Supplementary Fig. S1).

Effectiveness by subgroups

Median PFS was similar across subgroups defined by 
IMWG frailty score and age. Median PFS by frailty score 
was 13.5, 15.7, and 16.0 months in the frail, intermediate 
fitness, and fit subgroups, respectively (Fig. 4a). Median 
PFS by age was 16.0 months for patients aged ≤ 65 years, 
16.9  months for patients aged > 65 to ≤ 75  years, and 
13.5 months for those aged ≥ 75 years (Fig. 4b). In patients 
who had received 1, 2, and ≥ 3 prior regimens, the median 
PFS was 29.0, 19.2, and 6.9 months, respectively (Fig. 4c). 
In patients with clinical relapse and paraprotein relapse, 
the median PFS was 7.9 and 16.0 months, respectively 

Table 1   (continued)

N = 295

Prior immunomodulatory drug therapy, n (%)
  Lenalidomide 244 (82.7)
  Pomalidomide 38 (12.9)

Prior daratumumab therapy, n (%) 26 (8.8)

ECOG Eastern Cooperative Oncology Group, Ig immunoglobulin, 
IMWG International Myeloma Working Group, IRd ixazomib + lena-
lidomide + dexamethasone, ISS International Staging System, RRMM 
relapsed/refractory multiple myeloma, SD standard deviation
a Patients were assessed on the activities of daily living and instru-
mental activities of daily living items on the IMWG frailty scale; 
Charlson Comorbidity Index items were also assessed
b Clinical relapse was defined as disease recurrence with CRAB (i.e., 
calcium elevation, renal insufficiency, anemia, and bone abnormali-
ties) symptoms
c Paraprotein relapse was defined as disease recurrence with elevated 
M-protein levels but without CRAB symptoms
d Cut-off levels were 5% positive cells for del(17p)) and 3% for 
t(4;14), t(11;14), t(14;16), and 1q21 gain
e High-risk was defined as the presence of ≥ 1 of t(4;14), t(14;16), or 
del(17p)
f Standard risk was defined as the absence of high-risk cytogenetic 
abnormalities
g Expanded high-risk was defined as the presence of ≥ 1 of t(4;14), 
t(14;16), or del(17p) and/or 1q21 gain
h Modified standard risk was defined as the absence of expanded high-
risk cytogenetic abnormalities
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(Fig. 4d). Median PFS was 8.4 months in patients with 
high-risk cytogenetic abnormalities and 19.5  months 
in patients with standard-risk cytogenetic abnormali-
ties (Fig. 4e). Median PFS was 12.6 months in patients 
with expanded high-risk cytogenetic abnormalities and 
30.2 months patients with modified standard-risk cytoge-
netic abnormalities (Fig. 4f).

Univariate Cox regression analysis identified many factors 
that were significantly associated with a shorter PFS (Fig. 5), 
namely: high-risk cytogenetic abnormalities (vs standard-
risk; HR = 1.60, 95% CI 1.09–2.34), clinical relapse (vs para-
protein relapse; HR = 1.54, 95% CI 1.06–2.22), ECOG per-
formance status ≥ 2 (vs 0–1; HR = 1.62, 95% CI 1.07–2.46), 
and number of prior regimens ≥ 3 (vs 1; HR = 2.69, 95% CI 
1.80–4.02). Multivariate COX regression analysis found a 
significant association between a shorter PFS and ≥ 3 prior 
regimens (vs 1; HR = 2.61, 95% CI 1.44–4.76), but not with 

high-risk chromosomal abnormalities (vs standard-risk; 
HR = 1.45, 95% CI 0.95–2.23; Fig. 6).

Health‑related quality of life

There were no considerable changes in overall health score 
or HRQoL during treatment (Supplementary Fig. S2).

Minimal residual disease negativity

MRD was measured using the SRL-flow method [19] in 30 
patients with CR (i.e., in < 50% of patients achieving CR; Sup-
plementary Table S5). As such, MRD negativity was studied 
in a small portion (10.2%) of the overall population. In this 
subgroup, the proportion of patients achieving MRD < 10–4 was 
73.3%, those achieving MRD < 10–5 was 56.7%, and patients 
with MRD < 10–6 were 50.0%.

Fig. 1   Dose adjustment during treatment cycles, shown by age group. 
(a) Proportion of patients who had a dose adjustment for ixazomib 
and lenalidomide and (b) Sankey diagram showing the initial dose 
and dose adjustments, with the vertical bars representing various ixa-

zomib dose ranges and the connecting arcs representing the propor-
tion of patients transitioning from one ixazomib dose to the same or 
different dose in the next treatment cycle
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Safety

TEAEs of any grade were reported in 84.4% of patients, 
grade ≥ 3 TEAEs in 58.0%, serious TEAEs in 32.5%, TEAEs 
leading to discontinuation in 24.7%, and TEAEs leading to 
death in 8.1% (Table 2). IRd treatment-related adverse events 
occurred in 75.6% of patients and adverse drug reactions 
(ADRs) in 71.5% of patients. The most common TEAEs of any 
grade were thrombocytopenia (28.8%), neutropenia (28.8%), 
diarrhea (27.1%), and leukopenia (25.8%). The most common 
grade ≥ 3 TEAEs were thrombocytopenia (21.4%), neutropenia 
(16.3%), leukopenia (11.9%), and anemia (7.5%; Table 2). The 
most common ADRs were thrombocytopenia (25.8%), diarrhea 
(25.4%), neutropenia (24.4%), and thrombocytopenia (22.0%). 
The most common TEAEs leading to treatment discontinuation 
were diarrhea (4.4%), platelet count decreased (3.4%), peripheral 
neuropathy (2.4%), rash (1.7%), and pneumonia (1.4%). No new 
safety concerns were identified.

There were no significant differences between the three age 
groups in the rate of treatment discontinuation due to TEAEs 
(Supplementary Fig. S3), with 32% of patients aged ≤ 65 years, 
21% of patients aged > 65 to ≤ 75 years, and 21% of those 
aged ≥ 75 years discontinuing treatment due to TEAEs. The 
RDI had no impact on the incidence of treatment discontinua-
tion across age groups.

Discussion

The present real-world study conducted in Japan in patients 
with RRMM showed that IRd therapy had promising clini-
cal activity and a manageable safety profile, consistent with 
the findings of the phase III TOURMALINE-MM1 trial 
[10]. The results of our study are encouraging, especially 
considering the unfavorable patient disease status/demo-
graphic characteristics at treatment initiation.

Fig. 2   Kaplan–Meier curves of (a) progression-free survival (PFS) 
and (b) overall survival (OS) in the full analysis set (N = 295). 
Median OS was not reached. CI, confidence interval

Fig. 3   Cumulative best response 
over time in the full analysis 
set. CR, complete response; PR, 
partial response; VGPR, very 
good partial response
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The median PFS was 15.3  months and ORR 
and ≥ VGPR were 53.9% and 31.5%, respectively. As 
expected, outcomes were inferior to results of the TOUR-
MALINE-MM1 trial (median PFS: 20.6 months; ORR: 
78.0%; and ≥ VGPR: 48.0%), because a more diverse 

patient population was included compared with a selected 
patient population in randomized controlled trials in 
patients with MM [11]. For example, compared with the 
TOURMALINE-MM1 trial [10], in this real-world study, 
there were more patients of advanced age (> 65 years; 

Fig. 4   Progression-free survival (PFS) by subgroup according to 
(a) IMWG frailty score, (b) age, (c) number of prior regimens, (d) 
baseline disease status, (e) cytogenetic risk and (f) modified cytoge-
netic risk. aClinical relapse was defined as disease recurrence with 
CRAB (i.e., calcium elevation, renal insufficiency, anemia, and bone 
abnormalities) symptoms. bParaprotein relapse was defined as disease 
recurrence with elevated M-protein levels but without CRAB symp-
toms. cStandard-risk was defined as the absence of high-risk cytoge-

netic abnormalities. dHigh-risk was defined as the presence of ≥ 1 of 
t(4;14), t(14;16), or del(17p). eModified standard-risk was defined 
as the absence of expanded high-risk cytogenetic abnormalities. 
fExpanded high-risk was defined as the presence of ≥ 1 of t(4;14), 
t(14;16), or del(17p), and/or 1q21 gain. CI, confidence interval; 
IMWG, International Myeloma Working Group; Int, intermediate; 
NR, not reached
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80.0% vs 53%), poor renal function (< 60 mL/min; 37.3% 
vs 22%), poor ECOG performance status (≥ 2; 15.6% vs 
5%), more patients with at least three lines of prior treat-
ment (42.1% vs 11%) and more patients who had prior PI 
(bortezomib/carfilzomib; 76.6%/12.9% vs 69%/ < 1%) or 
lenalidomide (82.7% vs 12%) therapy. In addition, the pre-
sent study included patients who were refractory to prior 

lenalidomide or PI-based therapy, unlike the TOURMA-
LINE-MM1 trial [10]. It is also important to note that the 
PFS benefits of IRd treatment were observed regardless 
of frailty or age, confirmed in a Cox regression analy-
sis. These findings are important because the number of 
elderly/frail patients with RRMM is likely to increase in 
the future as new drugs become available.

Fig. 5   Forest plot of progression-free survival (PFS) to determine 
the association of patient baseline factors of interest with PFS with 
IRd treatment. A univariate Cox proportional hazard model was 
used to estimate the hazard ratios for risk of PFS. aClinical relapse 
was defined as disease recurrence with CRAB (i.e., calcium eleva-
tion, renal insufficiency, anemia, and bone abnormalities) symptoms. 
bParaprotein relapse was defined as disease recurrence with elevated 

M-protein levels but without CRAB symptoms. cHigh-risk was 
defined as the presence of ≥ 1 of t(4;14), t(14;16), or del(17p). dStand-
ard-risk was defined as the absence of high-risk cytogenetic abnor-
malities. CCI, Charlson Comorbidity Index; CI, confidence interval; 
ECOG PS, Eastern Cooperative Oncology Group performance status; 
HSCT, hematopoietic stem-cell transplantation; IRd, ixazomib + lena-
lidomide + dexamethasone

Fig. 6   Forest plot of progression-free survival (PFS) to determine 
the association of patient baseline factors of interest with PFS with 
IRd treatment. A multivariate Cox proportional hazard model was 
used to estimate the hazard ratios for risk of PFS. aClinical relapse 
was defined as disease recurrence with CRAB (i.e., calcium eleva-
tion, renal insufficiency, anemia, and bone abnormalities) symptoms. 

bParaprotein relapse was defined as disease recurrence with elevated 
M-protein levels but without CRAB symptoms. cHigh-risk was 
defined as the presence of ≥ 1 of t(4;14), t(14;16), or del(17p). dStand-
ard-risk was defined as the absence of high-risk cytogenetic abnor-
malities. CCI, Charlson Comorbidity Index; CI, confidence interval; 
IRd, ixazomib + lenalidomide + dexamethasone



483Annals of Hematology (2024) 103:475–488	

1 3

Moreover, the inclusion of older and frail patients 
could be one of the reasons for the lower ixazomib 
RDI compared with TOURMALINE-MM1, which 
had a younger patient population [10]. In the present 
study, the initial dose of ixazomib tended to be lower in 
older patients and dose adjustments of ixazomib were 
numerically more frequent from cycle 1 to cycle 5. This 
approach may have resulted in favorable PFS in older 
or frail patients by ensuring tolerability and treatment 
continuation.

The TOURMALINE-MM1 trial reported consistent PFS 
benefits with IRd treatment compared with Rd treatment 
in key prespecified patient subgroups such as age category 
and the number of prior therapies, the history of prior PI/
immunomodulatory therapy and cytogenetic abnormali-
ties [10]. Despite the limitation of this observational study 
being a single-arm study, our results also suggest that an 
acceptable PFS can be expected with IRd treatment in cer-
tain subgroups. Comparison of patient subgroups based 
on the number of prior therapies showed that the median 
PFS was either longer or comparable with that reported in 
TOURMALINE-MM1 (1, 2, and ≥ 3 lines of prior treatment: 
29.0, 19.2, and 6.9 months vs 20.6 and 17.5 months and not 
estimable, respectively) [10], especially in patients with 1 
or 2 prior therapies.

Several other studies have investigated the benefit of 
IRd treatment in patients with MM in a real-world set-
ting [20–30]. Our results add to the body of evidence 
from these studies, which have shown the effectiveness 
of IRd in a broad range of patients, including frail, older, 
and heavily pre-treated patients and those with advanced 
disease [21, 23, 25, 28–30]. Of these studies, seven are 
fully published [22, 23, 26–30]; the other studies have 
only interim data available (INSIGHT MM [31], UVEA-
IXA [21], and REMIX [25]). INSIGHT MM is the larg-
est of these studies: 4,200 patients with newly diagnosed 
MM or RRMM have been enrolled from 15 countries 
worldwide, including the United States and countries in 
Europe, Asia, the Middle East, and Latin America, and 
the planned follow-up is a minimum of 5 years [31]. In 
the Czech study in 344 patients with RRMM, which was 
a nonrandomized prospective two-arm study, IRd was 
superior to Rd, with a median PFS of 17.5 months ver-
sus 11.5 months (p = 0.005) after a median follow-up of 
20.8 and 15.5 months, respectively. This PFS advantage 
translated into improved OS for patients treated with IRd 
(median OS 36.6 vs 26.0  months with Rd; p = 0.008) 
[22]. Notably, patients with 1–3 disease relapses had a 
median PFS of 23.1 months after treatment with IRd, 
versus 11.6 months after Rd treatment (p = 0.001). The 
PFS and OS benefits of IRd were sustained in the overall 
population (median PFS 17.5 vs 12.5 months with Rd; 
p = 0.013 and median OS 40.9 vs 27.1 months; p = 0.001), 
with better outcomes in patients with 1–3 disease relapses 
(median PFS 22.3 vs 12.7 months; p = 0.003 and median 
OS 51.7 vs 27.8 months; p < 0.001) over a prolonged fol-
low-up of 28.5 months [32]. In the noncomparative Slo-
vakian (n = 106) [23], Korean (n = 60) [30], and European 
(n = 155) [26] studies in patients with RRMM, the ORR 
was 74.0–85.0%, and although median OS was not reached 
in all three studies, the median PFS was 25.9–43.0 months. 
In the INSIGHT-RMG pooled analysis (n = 263), 56.3% 
of patients received IRd in ≥ third line. The ORR was 

Table 2   Treatment-emergent adverse events in the safety analysis set

ADR adverse drug reaction, IRd ixazomib + lenalidomide + dexameth-
asone, TEAE treatment-emergent adverse event
a TEAEs leading to death included plasma cell myeloma (n = 12; 
4.1%), cardio-respiratory arrest, pneumonia, pneumonia influenza 
(n = 2; 0.7% each), and cardiac arrest, cardiac failure, cardiac death, 
death, multiple organ dysfunction syndrome, sepsis, acute kidney 
injury, interstitial lung disease, and pulmonary amyloidosis (n = 1; 
0.3% each)
b Includes leukopenia and white blood cell count decreased
c Includes neutropenia and neutrophil count decreased
d Includes thrombocytopenia and platelet count decreased

n (%) N = 295

Any TEAEs 249 (84.4)
  Grade ≥ 3 TEAEs 171 (58.0)
  IRd treatment-related TEAEs 223 (75.6)

       IRd treatment-related grade ≥ 3 TEAEs 137 (46.4)
  ADRs 211 (71.5)

       Grade ≥ 3 ADRs 127 (43.1)
  Serious TEAEs 96 (32.5)
  TEAEs leading to treatment discontinu-

ation
73 (24.7)

  TEAEs leading to deatha 24 (8.1)
TEAEs occurring in ≥ 5.0% patients
System organ class
Preferred term

Overall Grade ≥ 3

Blood and lymphatic system disorders
  Anemia 31 (10.5) 22 (7.5)
  Leukopeniab 76 (25.8) 35 (11.9)
  Neutropeniac 82 (27.8) 48 (16.3)
  Thrombocytopeniad 85 (28.8) 63 (21.4)

Gastrointestinal disorders
  Diarrhea 80 (27.1) 16 (5.4)
  Constipation 20 (6.8) -
  Nausea 18 (6.1) -
  Vomiting 17 (5.8) 2 (0.7)

Infections and infestations
  Pneumonia 26 (8.8) 18 (6.1)
  Nasopharyngitis 16 (5.4) -

Skin and subcutaneous tissue disorders
  Rash 40 (13.6) 3 (1.0)
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73.0%, median PFS 21.2 months, TTNT 33.0 months, and 
median OS was not reached. In two retrospective data-
base analyses comparing PI-triplet regimens with an RD 
backbone in US, among patients receiving IRd (n = 168 
[27] and 154 [28] for IRd, respectively) approximately 
40.0% were ≥ 75 years of age and 59.0–63.0% received 
IRd as ≥ third line of therapy. IRd was more likely to be 
recommended in patients aged ≥ 75 years [28] and those 
with high-risk cytogenetic abnormalities and as a late-line 
therapy [27]. It was associated with lower risk of treatment 
discontinuation and longer TTNT, especially in intermedi-
ate/frail patients [27, 28]. Based on the findings of real-
world studies, including the current study, IRd therapy 
may prove to be beneficial in clinical practice for patients 
with unfavorable disease status/demographic characteris-
tics, particularly for those who are frail and often have 
trouble continuing treatment.

Cytogenetic abnormalities in patients with MM, such 
as t(4;14), t(14;16), del(17p), and 1q21 gain, are indica-
tive of poor prognosis [33]. The proportions of patients 
with high-risk and individual cytogenetic abnormali-
ties in this study were generally higher than those in the 
TOURMALINE-MM1 trial (proportion of patients with 
expanded high-risk: 43.1%; del(17p): 10.0%; 1q21 gain: 
22.2%) [34, 35]. In the present study, the median PFS 
in patients with high-risk cytogenetic abnormalities was 
shorter than in patients with standard-risk cytogenetic 
abnormalities. On the other hand, in the TOURMALINE-
MM1 trial, which had a higher proportion of patients 
with early line of therapy (1, 2, and 3 prior regimens 
were 62%, 27%, and 11%, respectively), the median PFS 
for patients with high-risk cytogenetic abnormalities was 
comparable with the median PFS for patients with stand-
ard-risk cytogenetic abnormalities (21.4 vs 20.6 months, 
respectively) [10]. One possible explanation for a dif-
ference in PFS between these patient subgroups in our 
study was that patients with high-risk cytogenetic abnor-
malities were more heavily pre-treated. The proportion of 
patients with 1, 2, and ≥ 3 prior regimens among patients 
with high-risk cytogenetic abnormalities were 23.5%, 
27.9%, and 48.5%, respectively. In contrast, the propor-
tion of patients with 1, 2, and ≥ 3 prior regimens among 
patients with standard-risk cytogenetic abnormalities 
were 32.7%, 28.8%, and 38.5%, respectively. It is pos-
sible that patients with high-risk cytogenetic abnormali-
ties had a higher number of prior treatments due to their 
tendency to relapse earlier and have poorer outcomes. 
The median PFS was 29.0 months for patients with one 
line of therapy, while it was 6.9 months for those with ≥ 3 
lines of treatment. These imbalances in the background 
of prior treatment history between patients with high-risk 

cytogenetics and standard-risk cytogenetics in our study 
may have influenced the results of cytogenetic abnor-
malities subgroup analysis. The results of the multivari-
ate COX regression analysis support this hypothesis, 
as it indicated that high-risk cytogenetic abnormalities 
themselves are not an independent factor affecting PFS, 
but the number of prior treatment regimens was an inde-
pendent variable affecting PFS.

The safety profile of IRd in this study was similar to 
that reported in the TOURMALINE-MM1 trial and a 
phase 2 trial in Japanese patients with RRMM [10, 36], 
and no new safety concerns were identified. Hematologic 
TEAEs were more frequently reported than nonhema-
tologic TEAEs. Among grade ≥ 3 TEAEs with ≥ 5.0% 
incidence, the most common IRd-related hematologic 
TEAEs included thrombocytopenia in 57 patients 
(19.3%), neutropenia in 45 patients (15.3%), leukope-
nia in 32 patients (10.8%), and anemia in 17 patients 
(5.8%). Commonly reported IRd-related nonhematologic 
grade ≥ 3 TEAEs included diarrhea and pneumonia in 15 
patients each (5.1%). Safety results were similar to those 
from the Czech study [22, 32], but differed from studies 
of Korean and European patients with RRMM, where 
grade ≥ 3 nonhematologic AEs, such as infections, skin 
rash, gastrointestinal toxicities, and peripheral neuropa-
thy were more common than hematologic AEs [26, 30]. 
The most common TEAEs leading to discontinuation in 
our study were diarrhea, thrombocytopenia, peripheral 
neuropathy, rash, and pneumonia. The management of 
these TEAEs is important in clinical practice to ensure 
patient adherence and therefore long-term treatment.

Long-term PI-based therapy has been shown to improve 
outcomes in MM [37]. Cancer patients prefer oral over 
intravenous administration for reasons of convenience, 
perceived efficacy and past experience [38]. Since the IRd 
triplet regimen is given orally, patients may be more likely 
to adhere to IRd treatment than PI agents administered 
by injection, thus improving the possibility for long-term 
treatment. Future studies of IRd should examine treatment 
adherence and its effect on duration of treatment.

This real-world study has a few limitations. Firm con-
clusions about the benefits of ixazomib, including find-
ings in subgroups, cannot be made because of the single-
arm study design and the small number of patients in our 
study. Furthermore, due to the collection of data through 
the electronic data capture system, we were unable to 
determine what proportion of patients enrolled in this 
study were refractory to prior lenalidomide or PI-based 
therapy, which could limit interpretation of our findings. 
Thus, further studies in a larger patient population are 
required to confirm these findings.
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Conclusion

In this real-world study of a diverse population with RRMM 
in Japan, the oral IRd triplet regimen was an effective and 
tolerable treatment option. Given that these patients were 
relatively frail, older, and more heavily treated than the 
RRMM patients included in IRd clinical trials, these results 
are particularly encouraging for patients with unfavorable 
disease status/demographic characteristics.
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