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Summary
Multiple myeloma (MM) is a hematological malignancy originating from plasma cells producing immuno-

globulin. Introducing high-dose melphalan therapy followed by auto stem cell transplantation (ASCT) and
novel drugs has improved the survival of patients with MM. The importance of maintenance therapy after
induction therapy has been investigated to obtain a long duration of progression-free survival (PFS) after in-
duction therapy. The role of maintenance therapy in MM is to inhibit disease progression after induction
therapy without physical and financial burden for patients. Physical burden mainly refers to the side effects
of treatment. Preventing relapse with minimum burden is beneficial. Here, we review the updated progress
of maintenance therapy for transplant-eligible and -ineligible patients with MM. The results of clinical studies
about maintenance therapies using thalidomide, lenalidomide, bortezomib, and ixazomib are demonstrated.
The possible choice of treatment based on these results is suggested, and the utility of drug combination as a
maintenance therapy is discussed. Furthermore, we describe the outline of the clinical trial we just com-
menced. We started an ixazomib maintenance therapy for transplant-ineligible patients intolerant to lenalido-
mide (IMTIL) study (UMIN000048285) to determine the efficacy and safety of ixazomib maintenance therapy
in transplant-ineligible patients with MM who cannot be treated with standard doses of lenalidomide due to
adverse reactions or frailty during or after induction therapy. In addition, the relationship between the effi-
cacy of ixazomib in maintenance therapy and driver mutation and immune status is assessed.
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Introduction

Multiple myeloma (MM) is a plasma cell-derived ma-
lignancy, and treating MM is challenging. The intro-
duction of auto stem cell transplantation (ASCT) and
other novel therapeutic agents, including a proteasome
inhibitor (bortezomib) , immunomodulatory drugs

(IMiDs, including thalidomide, lenalidomide, and po-
malidomide), and therapeutic antibodies, has improved
the survival rates of patients with MM. ASCT with
high-dose melphalan therapy in younger patients with-
out major cardiac and pulmonary problems is expected
to reduce many tumor burdens. For transplant-
ineligible patients, combination therapies using a thera-
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Figure　1　Illustration of available drugs for patients with multiple myeloma in Japan.
NDMM, newly diagnosed multiple myeloma; IV, intravenous injection; SC, subcutaneous injection; RRMM, relapsed/refractory
multiple myeloma. 

Figure　2　Treatment strategy for transplant-eligible and transplant-ineligible patients with MM.
Bd, bortezomib and dexamethasone; CBd, cyclophosphamide, bortezomib, and dexamethasone; Bad, bortezomib, doxorubicin, 
dexamethasone; BLd, bortezomib, lenalidomide, dexamethasone; PBSC, peripheral blood stem cell; G-CSF, granulocyte colony-
stimulating factor; ASCT, auto stem cell transplantation; Dara-MPB, daratumumab, melphalan, prednisolone, bortezomib; Dara-
Ld, daratumumab, lenalidomide, dexamethasone; Ld, lenalidomide, dexamethasone. 
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peutic antibody with a proteasome inhibitor or IMiD
produce a greater response. Fig. 1 and 2 illustrate the
available drugs and treatment strategies, including
maintenance therapy, for patients with MM in Japan,
respectively1). However, many relapsed/refractory MM
patients remain; therefore, new therapies are expected
to prevent relapse and refractoriness. Improvement of
induction therapies has resulted in improved re-
sponse2). The sustained reduction of tumor burden af-
ter induction therapy by maintenance therapy will in-
crease the duration of progression-free survival (PFS).
The role of maintenance therapy in MM is to reduce
the disease progression after induction therapy with-
out physical and financial burden on patients. Physical
burden refers to the side effects of treatment. Prevent-
ing relapse with minimum burden is beneficial. Mainte-
nance therapies using IMiDs, such as thalidomide and
lenalidomide, as well as bortezomib, a proteasome in-
hibitor administrated intravenously or subcutaneously,
have been estimated in several clinical studies. In addi-
tion, maintenance therapy with ixazomib, an orally
available proteasome inhibitor, is available as an
insurance-approved therapy in Japan. Herein, we up-
date the clinical insights in maintenance therapy for
patients with MM.

Thalidomide

Thalidomide is the first IMiD approved for patients
with MM, and six randomized controlled trials (RCTs)
(IFM99-02, ALLG MM6, TT2, HOVON50, MRC
Myeloma IV, and NCIC CTG MY.10) compared the ef-
ficacy of thalidomide maintenance therapy and control
after ASCT3,4). Thalidomide maintenance therapy pro-
moted improvement of response rate and elongation of
PFS; however, a significant improvement in overall
survival (OS) was only observed in IFM99-02 and
ALLG MM6. Side effects of thalidomide, such as pe-
ripheral neuropathy (PN) and deep vein thrombosis
(DVT), were observed5). Furthermore, the Myeloma IX
study included thalidomide maintenance therapy after
CTD (cyclophosphamide, thalidomide, dexamethasone)
or CVAD (cyclophosphamide, bortezomib, doxoribicin,
dexamethasone) induction therapy and revealed that
the duration of OS in patients treated with thalidomide
maintenance therapy was shorter than that in patients
without maintenance therapy in adverse cytogenetic

abnormalities such as gain(1q), del(1p32), t(4;14)，t(14;
16)，t(14;20), or del(17p)6). Thus, introducing thalidomide
maintenance therapy after ASCT for patients with ad-
verse cytogenetic abnormalities is not recommended.
Four clinical trials have examined the usefulness of
thalidomide maintenance therapy for transplant-
ineligible patients. In GIMEMA and HOVON 49 trials,
melphalan, prednisolone, and thalidomide (MPT) and
thalidomide maintenance therapy was compared with
MP without maintenance therapy7,8). In these studies,
addition of thalidomide to MP improved response rate
and PFS, however, the superiority of MPT to MP in
OS was not confirmed.
Bortezomib, melphalan, prednisolone, and thalido-
mide with bortezomib and thalidomide maintenance
(VMPT-VT) or VMP was randomly assigned to
transplant-ineligible patients. The median PFS was sig-
nificantly improved by VMPT-VT (35.3 months) as
compared with VMP (24.8 months) (Hazard ratio (HR),
0.58; 95% CI, 0.47 to 0.71, P < 0.001). The 5-year OS was
higher with VMPT-VT (61%) than with VMP (51%; HR,
0.70; 95% CI, 0.52 to 0.92, P = 0.01). Grade 3 to 4 neutro-
penia, PN, cardiologic and thromboembolic events
were more frequent in the VMPT-VT group than the
VMP group9).
In the HOVON87/NMSG18 study, thalidomide main-
tenance therapy after MPT (MPT-T) was compared
with lenalidomide maintenance therapy after MPR
(melphalan, prednisolone, and lenalidomide) (MPR-R)10).
The PFS and OS in MPT-T were not superior to those
in MPR-R, and PN was more common in MPT-T than
in MPR-R.

Lenalidomide

The comparison of lenalidomide maintenance ther-
apy with placebo after ASCT was performed in three
prospective randomized clinical trials, including IFM
2005-02, CALGB100104, and GIMEMA RV-MM-PI-209,
and a meta-analysis of these trials11-14). In the IFM2005-
02 trial, patients were randomly assigned to lenalido-
mide maintenance or placebo groups after single or
tandem ASCT and Ld (lenalidomide and dexametha-
sone) consolidation11). In the CALGB100104 trial, pa-
tients were randomly assigned to lenalidomide mainte-
nance or placebo groups until disease progression (PD)
after a single ASCT12). In the GIMEMA RV-MM-PI-209
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trial, 273 patients ≤ 65 years old were randomly as-
signed to high-dose melphalan plus ASCT or MPR con-
solidation therapy after induction, and 251 patients
were assigned to lenalidomide maintenance therapy or
no maintenance therapy13). Prolongation of PFS by le-
nalidomide maintenance therapy compared with pla-
cebo or observation after ASCT was demonstrated in
all three trials. Although PFS was the primary end-
point in all studies, OS was not a primary endpoint.
Thus, a meta-analysis was conducted to better under-
stand the impact of lenalidomide maintenance after
ASCT14). In the meta-analysis, 605 patients of the le-
nalidomide maintenance group and 603 of the placebo
or observation group were included. The median PFS
was superior in the lenalidomide group (52.8 months)
to that in the placebo or observation group (23.5
months) (HR, 0.48; 95% CI, 0.41 to 0.55). The median OS
was not reached for the lenalidomide maintenance
group and 86.0 months for the placebo or observation
group (HR, 0.75; 95% CI, 0.63 to 0.90; P = 0.001). Thus, a
significant improvement by lenalidomide maintenance
compared with placebo or observation after ASCT in
patients with newly diagnosed MM (NDMM) was con-
firmed in both PFS and OS. Moreover, the occurrence
rates of a second primary malignancy (SPM) before PD
were higher in group with lenalidomide maintenance
than with placebo or observation group, whereas the
occurrence rates of progression, death, or death due to
myeloma were higher in placebo or observation group
than group with lenalidomide maintenance. Therefore,
the clinical use of lenalidomide as a maintenance ther-
apy after ASCT should be performed with informed
consent and adequate information on the benefits and
risks, including SPM.
In the part for transplant eligible patients of
Myeloma XI study, lenalidomide maintenance therapy
until PD or observation was randomized 3 months af-
ter ASCT15). PFS in lenalidomide maintenance was su-
perior to that in observation for high-risk patients (HR,
0.50; 95%CI, 0.35 to 0.70, p < 0.0001) as well as those
who were MRD negative at the start of maintenance
therapy (HR, 0.72; 95%CI, 0.55 to 0.95, p = 0.022).
As a clinical trial of lenalidomide maintenance ther-
apy for transplant-ineligible patients, MM-015 com-
pared MPR (melphalan, prednisolone, and lenalidomide)
with lenalidomide maintenance therapy and MPR or

MP alone in transplant-ineligible patients16). PFS was
significantly improved in MPR with lenalidomide main-
tenance therapy (MPR-R) compared with MPR or MP;
however, OS was comparable between MPR-R and
MPR. The superiority of MPR-R to MPR or MP alone
in PFS was especially evident in 65-75-year-old pa-
tients.
The FIRST trial compared the efficacy and safety of
Rd (lenalidomide and dexamethasone) until PD (Rd
continuous), Rd for 72 weeks (18 cycles; Rd18), and
MPT (melphalan, prednisolone, and thalidomide) for 72
weeks (12 cycles) in transplant-ineligible NDMM pa-
tients17). The 4-year PFS was higher in Rd continuous
(32.6%) than in Rd18 (14.3%). The median time to next
treatment (TTNT) for Rd continuous was 30 months
longer than that of Rd18 in patients achieving a com-
plete or very good partial response (PR) (69.5 vs. 39.9
months).
Thus, elongation of PFS by lenalidomide mainte-
nance therapy in transplant-ineligible patients is ex-
pected. The National Comprehensive Cancer Network
(NCCN) guideline (Version 3.2023) describes lenalido-
mide as a preferred maintenance therapy (category 1)
(https://www.nccn.org/guidelines/category_1). How-
ever, the median OS was comparable between Rd con-
tinuous and Rd18. Therefore, lenalidomide mainte-
nance therapy after 19 cycles should be performed
considering the benefits and risks, including toxicity
(SPM).

Bortezomib

Bortezomib is the first clinically introduced protea-
some inhibitor. Some clinical trials were performed on
bortezomib maintenance therapy for transplant-eligible
or ineligible patients.
HOVON-65/GMMG-HD4 is a phase III clinical trial
that compared two years of thalidomide maintenance
therapy after vincristine, doxorubicin, and dexametha-
sone (VAD) induction and ASCT and two years of
bortezomib maintenance therapy after bortezomib,
doxorubicin, and dexamethasone (PAD) induction and
ASCT18). PFS was significantly prolonged in the PAD
with bortezomib maintenance group than the VAD
with thalidomide maintenance group during the me-
dian follow-up 96 months. There was no increase in
SPM by bortezomib maintenance compared with tha-
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lidomide maintenance. The negative effects on progno-
sis of high-risk cytogenetic aberration deletion 17p13
and renal impairment on PFS and OS were overcome
by the PAD group but not the VAD group. These re-
sults indicate that post-transplant maintenance with
bortezomib could improve PFS in high-risk subgroups
of MM patients.
The phase III trial GEM05MENOS65 compared
bortezomib/thalidomide (VT), thalidomide (T), and α-2b
interferon (α2-IFN) maintenance therapy for up to
three years after ASCT19). Induction therapy before
ASCT comprised thalidomide + dexamethasone/borte-
zomib + thalidomide + dexamethasone (TD/VTD) and
vincristine + bis-chloroethylnitrosourea (BCNU) + mel-
phalan + cyclophosphamide + prednisone/vincristine +
BCNU + doxorubicin + dexamethasone/bortezomib
(VBMCP/VBAD/B). 91, 88, and 92 patients were ran-
domly assigned to VT, T, and α2-IFN, respectively.
PFS was significantly improved by VT as compared
by T and α2-IFN (50.6 vs. 40.3 vs. 32.5 months, P =
0.03) during a median follow-up of 58.6 months. OS was
similar among the three groups, and moderate to se-
vere PN was observed with VT and T.
A retrospective analysis of real-world data about the
outcomes of maintenance therapy with lenalidomide or
bortezomib after proteasome inhibitor- or IMiD-based
induction and ASCT was performed20); 577 patients
with NDMM undergoing ASCT between 2010 and
2015 in Mayo Clinic (Rochester) were analyzed. The
number of patients who received no maintenance, le-
nalidomide maintenance, or bortezomib maintenance
was 341, 132, and 104, respectively. The rate of high-
risk cytogenetics by fluorescence in situ hybridization
(FISH) was higher in patients receiving lenalidomide or
bortezomib maintenance than in those without mainte-
nance therapy. Lenalidomide maintenance improved
PFS as compared with no maintenance, even in pa-
tients with International Staging System (ISS) stage III
disease and high-risk cytogenetics. PFS was un-
changed by bortezomib maintenance in the entire co-
hort but was improved in the high-risk cytogenetic pa-
tients.
The results of two clinical trials about bortezomib
maintenance therapies for transplant-ineligible patients
are reported. As previously described, phase III study
compared the efficacy between nine cycles of VMPT

followed by maintenance with VT and nine cycles of
VMP treatment alone in NDMM patients ineligible for
ASCT9).
In the GEM2005MAS65 trial, the efficacy and safety
of maintenance therapy with VT or bortezomib plus
prednisolone (VP) after six cycles of VMP or VTP
(bortezomib + thalidomide + prednisolone) induction
therapy in patients ≥ 65 years were analyzed21). The
CR rate of VT after induction was 24%, which in-
creased to 46%, while that of VP was 39%. The median
PFS for VT (39 months) was higher than that for VP
(32 months). The 5-year OS was also higher in VT
(69%) than in VP (50%), although the differences did
not reach statistical significance. The incidence of
grade 3-4 PN was higher in VT (9%) than in VP (3%).
Thus, VT maintenance therapy for patients with
MM who are ineligible for ASCT should be adminis-
tered with caution because of the possible side effects.

Ixazomib

Ixazomib is the only oral proteasome inhibitor indi-
cated for patients with MM. Ixazomib is approved as a
drug for maintenance therapy and is expected to pro-
long disease-free duration (The 5th Guideline for Treat-
ment, Japanese Society of Myeloma)1).
TOURMALINE-MM3 is a double-blind, randomized,
placebo-controlled phase III trial that examined the ef-
ficacy and safety of ixazomib maintenance therapy af-
ter ASCT22). Patients who achieved at least PR after in-
duction therapy with proteasome inhibitors or IMiDs
and received ASCT with a single high-dose melphalan
therapy were targeted. They were randomly distrib-
uted to the ixazomib- or placebo-treated group for up
to two years (ixazomib:placebo 3:2). Ixazomib treat-
ment was started from 3 mg and increased to 4 mg
from the 5th cycle if 3 mg of ixazomib is tolerable; 89%
of patients received proteasome inhibitors during in-
duction therapy. During a median of 31 months of ob-
servation, the median PFS was 26.5 months in the ixa-
zomib group and 21.3 months in the placebo group
(HR, 0.72; 95% CI, 0.58-0.89; P = 0.0023). Ixazomib main-
tenance therapy improved the PFS in patients ≥ 60
years and patients with ISS III. In patients with high-
risk cytogenetics, including del(17p), t(4;14), and t(14;16),
detected by FISH, achievement of 2-year PFS was bet-
ter in the ixazomib group (46%) than the placebo
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group (24%). PFS improvement by ixazomib mainte-
nance therapy was independent of proteasome inhibi-
tors in induction therapy. These improvements in effi-
cacy were achieved by maintenance therapy within a
fixed duration of two years.
Regarding the merit of ixazomib maintenance ther-
apy in high-risk patients, the t(4;14) translocation in re-
lapsed/refractory MM (RRMM) patients displayed
shorter median PFS of Ld (12.0 months) as compared
with that of ixazomib with Ld (18.5 months) (HR, 0.645;
95% CI, 0.250 to 1.6639)23). A retrospective analysis of
survival in the context of chromosomal abnormalities
for Ld-treated patients with RRMM displayed that me-
dian PFS was 13.0 months in 16 patients with t(4;14)24).
In addition, Ld-treated patients with RRMM with del
(13) and t(4;14) chromosomal abnormalities had lower
overall response rates (ORRs) and shorter median PFS
and OS as compared with those without these abnor-
malities25).
Regarding safety, thrombocytopenia as a hematologi-
cal adverse event and gastrointestinal disorders, such
as nausea, diarrhea, and vomiting, were more common
with ixazomib than with the placebo. Ixazomib mainte-
nance therapy did not increase the rate of SPMs com-
pared with the placebo. The incidence of adverse
events resulting in discontinuation of the study drug
was 7% and 5% in the ixazomib and placebo groups,
respectively. Discontinuation due to adverse events in
the meta-analysis of lenalidomide maintenance therapy
after ASCT occurred in 29% of the lenalidomide main-
tenance group and 12% of the placebo or observation
group13). Thus, continuing maintenance therapy might
be easier with ixazomib than with lenalidomide. Based
on the above clinical data, the NCCN guideline (Ver-
sion 3.2023) has recommended ixazomib as a regimen
for maintenance therapy (category 2B) (https://www.n
ccn.org/guidelines/category_1).
Ixazomib maintenance therapy was approved for pa-
tients without ASCT history in 2021 in Japan because
of the results of the TOURMALINE-MM4 trial26).
TOURMALINE-MM4, a phase III, double-blind,
placebo-controlled study, randomly assigned
transplant-ineligible patients into two groups: 425 pa-
tients received ixazomib, and 281 received placebo (3:
2). The median PFS was 17.4 and 9.4 months in the
ixazomib and placebo groups, respectively (HR, 0.659;

95%CI, 0.542 to 0.801; P < 0.001). Ixazomib improved
the median PFS compared to the placebo in patients
who achieved complete or very good PR postinduction
(25.6 vs. 12.9 months; HR, 0.586; 95%CI, 0.449 to 0.765; P
< 0.001). According to the evaluation of toxicity, the
rate of grade 3/4 treatment-emergent adverse events
(TEAEs) was 36.6% (ixazomib) and 23.2% (placebo);
12.9% of patients in the ixazomib group and 8.0% in
the placebo group discontinued treatment because of
TEAEs. As TEAEs, nausea (26.8% vs. 8.0%), vomiting
(24.2% vs. 4.3%), and diarrhea (23.2% vs. 12.3%) were
common. The incidence of SPMs was 5.2% in the ixa-
zomib group and 6.2% in the placebo group; there was
no remarkable increase in SPMs by ixazomib mainte-
nance therapy.
The dynamics of minimal residual disease (MRD) de-
tected by flow cytometry in 1280 transplant-eligible
and ineligible patients from the TOURMALINE-MM3
and -MM4 trials were analyzed27). The risk of PD de-
pended on the conversion from MRD- to MRD+ or
from MRD+ to MRD- status during ixazomib or pla-
cebo maintenance. The 2-year PFS rate of patients
converting from MRD+ to MRD- status was 76.8%,
higher than that of patients with persistent MRD+
status (27.6%). The 2-year PFS rate of patients convert-
ing from MRD- to MRD+ status (34.2%) was lower
than that of patients with sustained MRD- status
(75.0%). Furthermore, the merit of ixazomib mainte-
nance for PFS was observed in patients who were
MRD+ before maintenance and at a 14-month land-
mark analysis. Thus, monitoring MRD for evaluation of
the prognosis of ixazomib maintenance therapy in
transplant-eligible and ineligible patients is suggested.
In the study of real-world data about costs for
French patients with MM indicated that monthly costs
necessary for patients with MM was twice in those
who received 5 and more line of therapy (LOT) as
compared in those who received up to 2 LOT28). Thus,
possible disease control by the fixed duration of ixa-
zomib maintenance therapy after induction therapy
will be helpful to reduce the financial burden of treat-
ment on patients.

Daratumumab

Daratumumab is a therapeutic antibody targeting
CD38 in myeloma cells. CASSIOPEIA, a two-part,
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open-label, randomized, phase 3 trial of transplant-
eligible NDMM patients29). In part 1, patients were ran-
domly assigned to daratumumab with VTD (D-VTD)
or VTD-induction and consolidation therapy. In part 2,
patients who achieved PR or better were randomly as-
signed to daratumumab maintenance therapy every 8
weeks or observation up to 2 years. The risk of PD or
death was significantly reduced by daratumumab
maintenance as compared with observation (HR, 0.53;
95% CI, 0.42-0.68; p < 0.0001).

Combination Therapy

As a maintenance therapy, the combination of ixa-
zomib and lenalidomide after ASCT was investigated30).
Sixty-four patients were enrolled in the study, and
maintenance therapy was started within 60-180 days of
stem cell infusion. Combination therapy was performed
in each 28-day cycle. The starting dose of lenalidomide
was 10 mg/day orally for 28 days, with the option to
increase the dose to 15 mg after three cycles, accord-
ing to the treating physician’s discretion. Ixazomib 3
mg (n = 48 patients) or 4 mg (n = 16 patients) was
orally administered on days 1, 8, and 15 of each 28-day
cycle. Improvement in response rates over time from
baseline post-ASCT was observed in 39 patients. The
CR/stringent CR rate was 43%, and the median PFS
for all patients was 73 months, which was not reached
in patients with ISS stage I disease. The median PFS
of patients with ISS stage I (n = 33), III (n = 9), and
high-risk cytogenetics (n = 14) was not reached, 34
and, 25 months, respectively. Subgroup analysis of PFS
based on the ISS stage at diagnosis and revised ISS
stage did not demonstrate statistically significant dif-
ferences between the groups. The median OS was not
reached with a median follow-up of 62 months (range,
25-82 months).
In addition to the efficacy and safety of carfilzomib-
based induction and consolidation therapies with or
without transplantation for NDMM patients, the effi-
cacy and safety of maintenance treatment with carfil-
zomib plus lenalidomide versus lenalidomide alone
were evaluated in the UNITO-MM-01/FORTE study, a
randomized, open-label, phase II trial31). Patients were
randomly assigned (1:1:1) to four cycles of carfilzomib,
lenalidomide, and dexamethasone (KRd) induction plus
high-dose melphalan and ASCT followed by four 28-

day KRd consolidation, KRd12 (12 cycles of 28-day
KRd) or four cycles of carfilzomib, cyclophosphamide,
dexamethasone (KCd) induction plus ASCT followed
by four cycles of 28-day KCd consolidation. Four hun-
dred and seventy-four patients were enrolled (158 to
KRd plus ASCT, 157 to KRd12, and 159 to KCd plus
ASCT). The rate of at least very good PR was 70% in
the KRd group and 53% in the KCd group (odds ratio
(OR), 2.14; 95% CI 1.44-3.19, P = 0.0002) with a median
follow-up duration of 50.9 months from the first ran-
domization. TEAEs were reported in 11% of the KRd-
ASCT, 19% of the KRd12, and 11% of the KCd plus
ASCT groups; the most common serious adverse
event was pneumonia, which occurred in 4% of the
KRd-ASCT, 3% of the KRd12, and 3% of the KCd plus
ASCT groups. As a maintenance therapy, 178 patients
received carfilzomib plus lenalidomide, and 178 re-
ceived lenalidomide alone. The 3-year PFS was 75%
with carfilzomib plus lenalidomide and 65% with le-
nalidomide alone (HR, 0.64; 95% CI 0.44-0.94, P = 0.023)
with a median follow-up duration of 37.3 months from
the second randomization. The most common grade 3-
4 adverse events during maintenance therapy were
neutropenia (20% of carfilzomib plus lenalidomide vs.
23% of lenalidomide alone), infections (5% vs. 7%), and
vascular events (7% vs. 1%). One death occurred due
to TEAE in the carfilzomib plus lenalidomide mainte-
nance group. These results indicate the superiority of
carfilzomib plus lenalidomide as maintenance therapy
to lenalidomide alone, with a comparable safety profile
between these regimens.
The usefulness of combination therapy as a mainte-
nance therapy in high-risk patients must be evaluated
in future studies.

Ixazomib-maintenance Therapy for
Transplant-ineligible Patients Intolerant to

Lenalidomide (IMTIL) Study
(UMIN000048285)

In medical practice, strategies to choose the drug for
maintenance therapy are determined for transplant-
eligible and transplant-ineligible patients. In this re-
gard, we suggest that ixazomib maintenance therapy
will benefit patients intolerant to lenalidomide. We
commenced a multi-center prospective clinical trial to
determine the efficacy and safety of ixazomib mainte-
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Figure　3　Outline of ixazomib maintenance therapy for transplant-ineligible patients intolerant to lenalidomide (IMTIL) study 
(UMIN000048285).

PR, partial response; NGS, next-generation sequencing 

nance therapy in transplant-ineligible patients with
MM who cannot be treated with standard doses of le-
nalidomide due to adverse reactions or frailty during
or after induction therapy (Fig. 3). We will also investi-
gate the relationship between the efficacy of ixazomib
in maintenance therapy and driver mutation and im-
mune status in the bone marrow microenvironment of
patients with MM.
This study consists of a two-stage registration to se-
cure the enrollment of 30 patients for ixazomib mainte-
nance therapy. Primary registration (up to 40 patients)
will comprise two criteria: (1) Transplant-ineligible pa-
tients who cannot tolerate a standard dose of lenalido-
mide due to frailty; (2) Patients are scheduled to re-
ceive ixazomib maintenance therapy for two years af-
ter achieving at least a PR to induction therapy. Secon-
dary registration will consist of patients initially en-
rolled and those who cannot be treated with standard
doses of lenalidomide due to adverse reactions during
or after induction therapy and before starting ixa-
zomib maintenance therapy for two years (planned en-
rollment: 30 patients).
In a previous study, we demonstrated that driver
mutations, such as NRAS, KRAS, and TP 53 mutations
in cell-free DNA from peripheral blood, are sensitive
biomarkers for diagnosing relapse32). Analysis of the dy-
namics of clones with driver mutations in tumor cells

during and following ixazomib maintenance therapy
will help elucidate whether deep responses and true
MRD negativity can be achieved with ixazomib main-
tenance therapy. The relationship between the sur-
vival of patients with myeloma and immune status also
showed that patients with high expression of the natu-
ral killer (NK) cell-activating receptor NKG2D ligand
MICA/MICB, ULBp- 2/5/6 on myeloma cells have a
better prognosis33). Furthermore, suppression of anti-
tumor immunity by immune checkpoints, such as PD-1
and TIGIT expressed on cytotoxic T cells, has at-
tracted attention34). The impact of the expression of
these immune-related molecules on the therapeutic ef-
fect of ixazomib maintenance therapy is unknown, and
its elucidation will help to identify effective cases of
ixazomib maintenance therapy.

Conclusion

Each drug for maintenance therapy has specific
characteristics as described in Fig. 4. The role of main-
tenance therapy in MM is to inhibit disease progres-
sion after induction therapy with the minimum physi-
cal and financial burden for patients. Furthermore,
making therapeutic antibody and IMiDs free duration
will expand the treatment options for patients who be-
come relapse/refractory to the maintenance therapy.
Personalized maintenance therapy based on the cyto-
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Figure　4　Summary of maintenance therapy with a single agent for patients with MM.

genetic risk of MM and the frailty of patients will help
improve the prognosis of patients with MM.

References

1) Japanese Society of Myeloma: Guidelines for multiple
myeloma (5th ed). Tokyo: Bunkodo, 2020. (in Japanese).

2) Paiva B, van Dongen JJ, Orfao A: New criteria for re-
sponse assessment: role of minimal residual disease in
multiple myeloma. Blood 125: 3059-3068, 2015. https://
doi.org/10.1182/blood-2014-11-568907.

3) Attal M, Harousseau JL, Leyvraz S, et al.: Mainte-
nance therapy with thalidomide improves survival in
patients with multiple myeloma. Blood 108: 3289-3294,
2006. https://doi.org/10.1182/blood-2006-05-022962.

4) Spencer A, Prince HM, Roberts AW, et al.: Consolida-
tion therapy with low-dose thalidomide and predniso-
lone prolongs the survival of multiple myeloma pa-
tients undergoing a single autologous stem-cell trans-
plantation procedure. J Clin Oncol 27: 1788-1793, 2009.
https://doi.org/10.1200/JCO.2008.18.8573.

5) Barlogie B, Tricot G, Anaissie E, et al.: Thalidomide
and hematopoietic-cell transplantation for multiple
myeloma. N Engl J Med 354: 1021-1030, 2006. https://d
oi.org/10.1056/NEJMoa053583.

6) Morgan GJ, Gregory WM, Davies FE, et al.: The role

of maintenance thalidomide therapy in multiple
myeloma: MRC Myeloma IX results and meta-
analysis. Blood 119: 7-15, 2012. https://doi.org/10.1182/
blood-2011-06-357038.

7) Palumbo A, Bringhen S, Liberati AM, et al.: Oral mel-
phalan, prednisone, and thalidomide in elderly patients
with multiple myeloma: updated results of a random-
ized controlled trial. Blood 112: 3107-3114, 2008. http
s://doi.org/10.1182/blood-2008-04-149427.

8) Wijermans P, Schaafsma M, Termorshuizen F, et al.:
Phase III study of the value of thalidomide added to
melphalan plus prednisone in elderly patients with
newly diagnosed multiple myeloma: the HOVON 49
Study. J Clin Oncol 28: 3160-3166, 2010. https://doi.or
g/10.1200/JCO.2009.26.1610.

9) Palumbo A, Bringhen S, Rossi D, et al.: Bortezomib-
melphalan-prednisone-thalidomide followed by mainte-
nance with bortezomib-thalidomide compared with
bortezomib-melphalan-prednisone for initial treatment
of multiple myeloma: a randomized controlled trial. J
Clin Oncol 32: 634-640, 2014. https://doi.org/10.1200/J
CO.2013.52.0023.

10) Zweegman S, van der Holt B, Mellqvist UH, et al.:
Melphalan, prednisone, and lenalidomide versus mel-
phalan, prednisone, and thalidomide in untreated mul-



273Maintenance therapy for MM2 (4) (2023)

tiple myeloma. Blood 127: 1109-1116, 2016. https://doi.o
rg/10.1182/blood-2015-11-679415.

11) Attal M, Lauwers-Cances V, Marit G, et al.: Lenalido-
mide maintenance after stem-cell transplantation for
multiple myeloma. N Engl J Med 366: 1782-1791, 2012.
https://doi.org/10.1056/NEJMoa1114138.

12) McCarthy PL, Owzar K, Hofmeister CC, et al.: Le-
nalidomide after stem-cell transplantation for multiple
myeloma. N Engl J Med 366: 1770-1781, 2012. https://d
oi.org/10.1056/NEJMoa1114083.

13) Palumbo A, Cavallo F, Gay F, et al.: Autologous trans-
plantation and maintenance therapy in multiple
myeloma. N Engl J Med 371: 895-905, 2014. https://doi.
org/10.1056/NEJMoa1402888.

14) McCarthy PL, Holstein SA, Petrucci MT, et al.: Le-
nalidomide Maintenance After Autologous Stem-Cell
Transplantation in Newly Diagnosed Multiple
Myeloma: A Meta-Analysis. J Clin Oncol 35: 3279-3289,
2017. https://doi.org/10.1200/JCO.2017.72.6679.

15) Pawlyn C, Menzies T, Davies FE, et al.: Defining the
Optimal Duration of Lenalidomide Maintenance after
Autologous Stem Cell Transplant - Data from the
Myeloma XI Trial. Blood 140 (Supplement 1): 1371-
1372, 2022. https://doi.org/10.1182/blood-2022-165376.

16) Palumbo A, Hajek R, Delforge M, et al.: Continuous le-
nalidomide treatment for newly diagnosed multiple
myeloma. N Engl J Med 366: 1759-1769, 2012. https://d
oi.org/10.1056/NEJMoa1112704.

17) Facon T, Dimopoulos MA, Dispenzieri A, et al.: Final
analysis of survival outcomes in the phase 3 FIRST
trial of up-front treatment for multiple myeloma.
Blood 131: 301-310, 2018. https://doi.org/10.1182/blood-
2017-07-795047.

18) Goldschmidt H, Lokhorst HM, Mai EK, et al.: Borte-
zomib before and after high-dose therapy in myeloma:
long-term results from the phase III HOVON-65/
GMMG-HD4 trial. Leukemia 32: 383-390, 2018. https://
doi.org/10.1038/leu.2017.211.

19) Rosiñol L, Oriol A, Teruel AI, et al.: Bortezomib and
thalidomide maintenance after stem cell transplanta-
tion for multiple myeloma: a PETHEMA/GEM trial.
Leukemia 31: 1922-1927, 2017. https://doi.org/10.1038/l
eu.2017.35.

20) Chakraborty R, Muchtar E, Kumar SK, et al.: Out-
comes of maintenance therapy with lenalidomide or
bortezomib in multiple myeloma in the setting of
early autologous stem cell transplantation. Leukemia
32: 712-718, 2018. https://doi.org/10.1038/leu.2017.256.

21) Mateos MV, Oriol A, Martínez-López J, et al.: Mainte-
nance therapy with bortezomib plus thalidomide or
bortezomib plus prednisone in elderly multiple
myeloma patients included in the GEM2005MAS65
trial. Blood 120: 2581-2588, 2012. https://doi.org/10.118
2/blood-2012-05-427815.

22) Dimopoulos MA, Gay F, Schjesvold F, et al.: Oral ixa-
zomib maintenance following autologous stem cell
transplantation (TOURMALINE-MM3): a double-blind,
randomised, placebo-controlled phase 3 trial. Lancet
393: 253-264, 2019. https://doi.org/10.1016/S0140-6736
(18)33003-4.

23) Avet-Loiseau H, Bahlis NJ, Chng WJ, et al.: Ixazomib
significantly prolongs progression-free survival in
high-risk relapsed/refractory myeloma patients. Blood
130: 2610-2618, 2017. https://doi.org/10.1182/blood-201
7-06-791228.

24) Yoshida T, Ri M, Fujinami H, et al.: Impact of chromo-
somal abnormalities on the efficacy of lenalidomide
plus dexamethasone treatment in patients with re-
lapsed/refractory multiple myeloma. Int J Hematol
110: 228-236, 2019. https://doi:10.1007/s12185-019-0266
9-z.

25) Avet-Loiseau H, Soulier J, Fermand JP, et al.: Impact
of high-risk cytogenetics and prior therapy on out-
comes in patients with advanced relapsed or refrac-
tory multiple myeloma treated with lenalidomide plus
dexamethasone. Leukemia 24: 623-628, 2010. https://do
i:10.1038/leu.2009.273.

26) Dimopoulos A, Špička I, Quach H, et al.: Ixazomib as
Postinduction Maintenance for Patients With Newly
Diagnosed Multiple Myeloma Not Undergoing Autolo-
gous Stem Cell Transplantation: The Phase III
TOURMALINE-MM4 Trial. J Clin Oncol 38: 4030-4041,
2020. https://doi.org/10.1200/JCO.20.02060.

27) Paiva B, Manrique I, Dimopoulos MA, et al.: MRD dy-
namics during maintenance for improved prognostica-
tion of 1280 patients with myeloma in the
TOURMALINE-MM3 and -MM4 trials. Blood 141: 579-
591, 2023. https://doi.org/10.1182/blood.2022016782.

28) Bessou A, Colin X, Nascimento JD, et al.: Assessing
the treatment pattern, health care resource utilisation,
and economic burden of multiple myeloma in France
using the Système National des Données de Santé
(SNDS) database: a retrospective cohort study. The
Eur J Health Econ 24: 321-333, 2023. https://doi.org/1
0.1007/s10198-022-01463-9.

29) Moreau P, Hulin C, Perrot A, et al.: Maintenance with



274 Yoichi Imai DKMJ

daratumumab or observation following treatment
with bortezomib, thalidomide, and dexamethasone
with or without daratumumab and autologous stem-
cell transplant in patients with newly diagnosed multi-
ple myeloma (CASSIOPEIA): an open-label, random-
ised, phase 3 trial. Lancet Oncol 22: 1378-1390, 2021. ht
tps://doi.org/10.1016/S1470-2045(21)00428-9.

30) Patel KK, Shah JJ, Feng L, et al.: Safety and Efficacy
of Combination Maintenance Therapy with Ixazomib
and Lenalidomide in Patients with Posttransplant
Myeloma. Clin Cancer Res 28: 1277-1284, 2022. https://
doi.org/10.1158/1078-0432.CCR-21-3420.

31) Gay F, Musto P, Rota-Scalabrini D, et al.: Carfilzomib
with cyclophosphamide and dexamethasone or le-
nalidomide and dexamethasone plus autologous trans-
plantation or carfilzomib plus lenalidomide and dex-
amethasone, followed by maintenance with carfil-
zomib plus lenalidomide or lenalidomide alone for pa-
tients with newly diagnosed multiple myeloma
(FORTE): a randomised, open-label, phase 2 trial. Lan-
cet Oncol 22: 1705-1720, 2021. https://doi.org/10.1016/
S1470-2045(21)00535-0.

32) Yasui H, Kobayashi M, Sato K, et al.: Circulating cell-
free DNA in the peripheral blood plasma of patients is
an informative biomarker for multiple myeloma re-

lapse. Int J Clin Oncol 26: 2142-2150, 2021. https://doi.o
rg/10.1007/s10147-021-01991-z.

33) Hirano M, Imai Y, Kaito Y, et al.: Small-molecule
HDAC and Akt inhibitors suppress tumor growth and
enhance immunotherapy in multiple myeloma. J Exp
Clin Cancer Res 40: 110, 2021. https://doi.org/10.1186/
s13046-021-01909-7.

34) Guillerey C, Harjunpää H, Carrié N, et al.: TIGIT im-
mune checkpoint blockade restores CD8. Blood 132:
1689-1694, 2018. https://doi.org/10.1182/blood-2018-01-
825265.

©Dokkyo Medical Society 2023. This
article is licensed under the Creative

Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (https://creativecommons.org/
licenses/by-nc-nd/4.0/). The copyright of this article re-
mains with Dokkyo Medical Society. This license allows
anyone to download, reuse, copy, reprint, or distribute
the article, provided the work is attributed to the origi-
nal author(s) and the source, but does not allow for the
distribution of modified versions or for commercial uses
without permission of Dokkyo Medical Society (https://
dokkyomed-igakukai.jp/dkmj/)


