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Oral-drug based regimens are useful in certain circumstances for transplant-ineligible newly diagnosed 
multiple myeloma (TI-NDMM), but few studies have compared Ixazomib based regimen with 
lenalidomide based regimen head-to-head. We carried out a prospective randomized, open, parallel 
group trial in patients with TI-NDMM in 3 China centers from March 2020 to December 2022. Sixty-
three patients were available for final analysis, ICd (Ixazomib/cyclophosphamide/dexamethasone, 
n = 31) and RCd (lenalidomide/cyclophosphamide/dexamethasone, n = 32). The primary objective 
was to compare the two regimens by analyzing the overall response rate (ORR), safety profiles, 
progression-free survival (PFS) and overall survival (OS). We also explored clinical and the biological 
characteristics of the patients with primary drug resistance. Baseline characteristics were well balanced 
between ICd and RCd groups, with the median age 70 vs. 70 years; 12.9% vs. 12.5% of patients had 
stage III disease; 25.8% vs. 28.1% had high-risk cytogenetic abnormalities. The overall response 
rate (ORR) at the end of 4 cycles was 87.1% vs. 71.9% (odds ratio [OR], 1.212; 95% CI, 0.938–1.565; 
P = 0.213); the best ≥ VGPR rate was 41.9% vs. 31.2% (OR, 1.342; 95% CI 0.694–2.597; P = 0.439). 
Among high-risk cytogenetic patients, ORR was higher in the ICd group, 75% vs. 55.5% (P = 0.620), 
respectively. After 35 months follow-up, the median PFS were 22 and 23 months between ICd and 
RCd groups (P = 0.897). Median OS was not reached, estimated 3-year OS rate was 86.4% vs. 85.4% 
(P = 0.774). The most common adverse events of grade 3 or 4 were neutropenia (6.5% in the ICd group 
vs. 31.3% in the RCd group), anemia (19.4% vs. 18.8%), pneumonia (0 vs. 15.6%) and diarrhea (12.9% 
vs. 0). Treatment emergent adverse events (TEAEs) induced dose reduction and discontinuation were 
22.6% vs. 37.5% and 3.2% vs. 6.3% in the ICd vs. RCd group, respectively. Exploration data showed 
that patients with t (4;14) were insensitive to initial RCd treatment. The ICd regimen showed a 
tendency towards improved ORR compared to RCd regimen. Both ICd and RCd regimens demonstrated 
less dose reduction and treatment discontinuation, suggesting their tolerability and feasibility for older 
individuals with TI-NDMM.

Trial registration: This study was registered at Chinese Clinical Trial Register (ChiCTR). Trial registration 
number: ChiCTR2000029863. Date of registration: 15/02/2020. 
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Proteasome inhibitors (PIs) and/or immunomodulators combined with other drugs of different mechanisms 
are the standards of care for transplant-ineligible newly diagnosed multiple myeloma (TI-NDMM) patients, of 
which bortezomib combined with lenalidomide and dexamethasone (VRd) is the most widely recommended 
and applied1,2. But a real-world study of TI-NDMM patients treated with VRd showed that the median duration 
of therapy was only 5.5 months, median PFS were 26.5, which was notably shorter than that observed in the 
clinical trials3.

It’s undeniable that bortezomib significantly improves survival in myeloma patients, but neurotoxicity and 
frequent hospital trips, reduce tolerance in older patients and affect long-term administration and effectiveness. 
An increased focus on continuous therapy4,5has heightened the need for regimens that have acceptable side-effect 
profiles and that are easy to administer. Ixazomib is an oral PI with low neurotoxicity and amenable to weekly 
administration. TOURMALINE-MM2 demonstrates that ixazomib-Rd (IRd) is a feasible all-oral treatment 
option for TI-NDMM, more than half the patients completed the initial 18 cycles therapy. In contrast, in SWOG 
S0777, only 55.7% of patients received VRd for the protocol-specified maximum of 8 cycles6,7 However, as a 
regimen for continuous therapy, especially for elderly myeloma patients, IRd was not the best and only option. 
The safety data showed the Treatment Emergent Adverse Events (TEAEs) resulting in dose discontinuation of 
the full study drug was 35%, grade ≥ 3 thrombocytopenia and pneumonia were 13.3% and 10.9%.

In practice, there were still alternative oral-drug based induction treatment options for TI-NDMM, 
especially when face to the economic burden, treatment tolerability concerns, and health insurance limitations 
(lenalidomide and ixazomib cannot be covered by insurance at the same time in China). Sometimes a three-
drug combination regimen consisting of only one new drug combined with an alkylating agent is used, such 
as RCd8,9(lenalidomide/cyclophosphamide/dexamethasone) or ICd10,11 (Ixazomib/cyclophosphamide/
dexamethasone).

To date, there was no relevant studies to clarify whether RCd or ICd is more suitable for TI-NDMM as a first 
line of therapy. We therefore conducted a randomized, controlled, open, parallel group, multi-center clinical trial 
of RCd compared to ICd in elderly NDMM patients who were not eligible for transplantation, to determine the 
efficacy and safety of RCd and ICd. Meanwhile we expect to explore the clinical and biological characteristics of 
patients with primary insensitivity to Ixazomib or Lenalidomide based therapy.

Methods
It was conducted by Hematology Department, Ruijin Hospital Affiliated to Shanghai Jiao Tong University 
School of Medicine and enrolling patients from 3 sites in China between March 2020 to December 2022. The 
study was approved by Ruijin hospital’s Clinical Research and animal Ethics Committee and registered at the 
Chinese Clinical Trials Registry (ChiCTR200002986). The trial was conducted in accordance with the principles 
of the Declaration of Helsinki and the International Conference on Hgrouponization of Good Clinical Practice 
guidelines. Written informed consent was collected for all participants.

Patients
The study enrolled patients, who were ineligible to the auto stem cell transplantation due to age ≥ 65 years, 
with newly diagnosed MM fulfilling the International Myeloma Working Group (IMWG)12 criteria for 
symptomatic MM. Patients were required to have measurable disease (serum M-protein ≥ 1  g/dL or urine 
M-protein ≥ 200 mg/24 h or involved free light chain level ≥ 10 mg/dL provided the serum free light chain ratio 
was abnormal). Eastern Cooperative Group Performance Status (ECOG PS) 0–2, adequate hematologic (absolute 
neutrophil count ≥ 1000/mm3, platelets ≥ 50,000/mm3), hepatic (total bilirubin ≤ 1.5 × upper limit of normal 
[ULN], alanine/aspartate aminotransferase ≤ 3 × ULN), and creatinine clearance (CrCl) ≥ 30 mL/min. Patients 
with high-risk genetics was defined by one of the following abnormalities on FISH testing: t (4;14), t (14;16), t 
(14;20) or del17p. Patients with plasma cell leukemia, amyloidosis, and POEMS syndrome were excluded.

Intervention
Induction therapy was defined as 8 cycles of three-drug combination (each cycle of 4 weeks). Patients in the RCd 
group received lenalidomide 25 mg for CrCl ≥ 60 ml/min and 10 mg for CrCl 30–60 ml/min, orally on days 1–21, 
with cyclophosphamide 750 mg/m2 IV drip on day 1 and dexamethasone 40 mg orally on days 1–4. Patients in 
the ICd group received lxazomib 4 mg orally on days 1, 8 and 15, with the same dose cyclophosphamide and 
dexamethasone as above. For age ≥ 75, the starting dose of dexamethasone reduced to 20 mg. The maintenance 
regimens were Rd (R, 10 mg orally on days 1–21; D, 10 mg orally on days 1–4) in the RCd group and Id (I, 4 mg 
orally on day 1, 8, 15; and D, 10 mg orally on days 1–4) in the ICd group every 4 weeks. Participants received 
treatment until disease progression, intolerance, or consent withdrawal. If at least partial response (PR) was not 
reached after 4 cycles, patients went off study and were permitted to crossover group (from RCd to ICd, vice 
versa) or receive alternative treatment. Aspirin prophylaxis (75 ~ 100 mg oral daily) was given in RCd group. 
All patients received antiviral therapy (acyclovir 400 mg twice daily) for prevention of herpes zoster and were 
allowed to receive bisphosphonates and other supportive care as needed.

Assessments
Myeloma disease response was defined according to the 2016 IMWG response criteria13. Disease assessments 
included serum and 24-hour urine protein electrophoresis, immunofixation, serum free light chain was 
performed after every cycle during the induction phase and every three cycles during the maintenance phase. 
Bone marrow examination was performed after 4 cycles and 8 cycles and for documentation of a complete 
response. Safety and toxicity data were graded using the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events, version 4.0 (NCI CTCAE v 4.0).
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Statistical analyses
The primary endpoint was to compare overall response rate (ORR) and safety profiles. The secondary endpoint 
was progression-free survival (PFS), overall survival (OS). In the statistical analyses of PFS, patients who achieved 
less than PR after 4 cycles treatment, proceeding to alternative therapy prior to progression considered as 
censored. Student’s t-tests or the Mann-Whitney test were used to compare the numerical variables. Categorical 
variables were compared using the Chi-square or Fisher’s exact tests. The Kaplan–Meier curves were used for 
survival analysis, and differences were analyzed using the log-rank test. P < 0.05 were considered statistically 
significant. Safety, toxicity and treatment compliance were summarized descriptively. Analysis was performed 
using SPSS software version 25.0 (SPSS Inc., Chicago, IL, USA).

Results
Patients’ characteristics
Between March 2020 and December 2022, 63 participants from 3 China hospitals were randomized, ICd group 
(n = 31) and RCd group (n = 32). Baseline characteristics were generally well balanced between two groups 
(Table 1). Median age was 70 (range, 66–82) vs. 70 (range, 65–77) years; 12.9% vs. 12.5% of patients had stage 
III disease; 80.6% vs. 93.8% had bone lesion disease; 25.8% vs. 28.1% had high-risk cytogenetics abnormalities 
in the ICd and RCd groups, respectively.

Response to treatment, progression-free, and overall survival
The overall response rate (ORR) at the end of 4 cycles and best response rate were list in Table 2. At the end 
of 4 cycles, the ORR were 87.1% vs. 71.9% (OR, 1.212; 95% CI, 0.938–1.565; P = 0.213), with 22.6% vs. 25% 
achieving ≥ VGPR (OR, 0.903; 95% CI 0.372–2.191; P = 0.822) in the ICd vs. RCd group, respectively. As to the 
best response, ≥ VGPR rate were 41.9% vs. 31.2% (OR, 1.342; 95% CI 0.694–2.597; P = 0.439); CR rates were 
19.3% vs. 15.6% in the ICd vs. RCd group (OR, 1.239; 95% CI 0.421–3.645; P = 0.697), respectively.

Although the samples were small, subgroup analysis showed, 100% ORR were achieved in both ICd (n = 4) 
and RCd (n = 4) groups in patients aged ≥ 75 years. Among the patients with high-risk cytogenetics (8 patients 

Characteristics ICd (N = 31) RCd (N = 32) P value

Age (years), median (range) 70 (66 ~ 82) 70 (65 ~ 77) 0.624

Age ≥ 75 years, n (%) 4 (12.9) 4 (12.5) 0.962

Gender, male/female (number) 14/17 16/16 0.701

Type of myeloma, n (%) 0.988

IgG 16 (51.6) 16 (50.0)

IgA 9 (29.0) 9 (28.1)

Light chain 6(19.4) 7 (21.9)

ECOG, n (%) 0.825

0 9 (29.0) 8 (25.0)

1 17 (54.8) 16 (50.0)

2 5 (16.1) 8 (25.0)

ISS stage, n (%) 0.881

Stage 1 14 (45.2) 12 (37.5)

Stage 2 13 (41.9) 16 (50.0)

Stage 3 4 (12.9) 4 (12.5)

Bone lesion, n (%) 25 (80.6) 30 (93.8) 0.148

Hemoglobin (g/l), median(range) 99 (56 ~ 138) 92 (45 ~ 148) 0.739

Platelet, ×109/L, median (range) 170 (50 ~ 312) 165 (74 ~ 293) 0.834

Serum calcium, mmol/L, median (range) 2.3 (1.7 ~ 2.7) 2.3 (2.0 ~ 2.7) 0.573

Creatinine clearance, ml/min, n (%) 0.732

30 to <60 ml/min 4(12.9) 6(18.8)

≥60 ml/min 27　(87.1) 26(81.3)

Albumin, mg/dl, median (range) 36 (25 ~ 49) 35 (21 ~ 52) 0.725

Serum β2MG, mg/L, median (range) 3.2 (1.8 ~ 10.1) 3.3 (1.7 ~ 12.3) 0.448

LDH, IU/L, median (range) 181 (94 ~ 1381) 163.5 (95 ~ 330) 0.430

Cytogenetic abnormality by FISH, n (%) 0.836

High risk [t (4;14), t (14;16), del(17p)] 8 (25.8) 9 (28.1)

Standard risk 23 (74.2) 23 (71.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group performance status; ISS, 
international staging system; β2- MG, β2- microglobulin; LDH, lactate dehydrogenase; 
FISH, fluorescence in situ hybridization.

Table 1.  Baseline characteristics of the patients in ICd and RCd groups.
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in the ICd group and 9 patients in the RCd group), the ORR was slightly higher in the ICd group, 75% vs. 55.5% 
(OR, 1.350; 95% CI, 0.665–2.741; P = 0.620), Fig. 1.

With a median follow-up of 35 (95% CI 30.295–39.705) months, 35.5% (11/31) responders and 25% (8/32) 
responders were still progression-free in the ICd and RCd groups, respectively. There was no significant 
difference in the PFS times (22 vs. 23 months) between ICd and RCd group (HR, 1.045; 95% CI 0.533–2.047; 
P = 0.897, Fig. 2a). The median OS was not reached in either group, 16.1% (5/31) and 15.6% (5/32) patients dying 

Fig. 1.  Best response rates of the subgroups in the ICd and RCd groups.

 

ICd(N = 31) RCd(N = 32) OR (95% CI) P value

End of 4 cycles, n (%)

ORR 27(87.1) 23(71.9) 1.212 (0.938–1.565) 0.213

≥VGPR 7(22.6) 8(25.0) 0.903 (0.372–2.191) 0.822

CR + sCR 3(9.7) 3(9.4) 1.032 (0.225–4.370) 0.967

VGPR 4(12.9) 5(15.6)

PR 20(64.5) 15(46.9)

MR 2(6.5) 4(12.5)

SD 1(3.2) 4(12.5)

PD 1(3.2) 1(3.1)

Best response, n (%)

ORR 27(87.1) 23(71.9) 1.212 (0.938–1.565) 0.213

≥VGPR 13(41.9) 10(31.2) 1.342 (0.694–2.597) 0.439

CR + sCR 6(19.3) 5(15.6) 1.239 (0.421–3.645) 0.697

VGPR 7(22.6) 5(15.6)

PR 14(45.2) 13(40.6)

MR 2(6.5) 4(12.5)

SD 1(3.2) 5(15.6)

PD 1(3.2) 0

Abbreviations: ORR overall response rate; CR, complete response; sCR, stringent 
complete response; VGPR, very good partial response; PR, partial response; MR, 
minimal response; SD, stable disease; PD, progressive disease.

Table 2.  Response rates at the end of 4 cycles and the best response rates.
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in the ICd and RCd groups, and the estimated 3-year OS rate were 86.4% and 85.4%, respectively (HR, 1.201; 
95% CI 0.344–4.194; P = 0.774, Fig. 2b).

Exploratory analysis
Per protocol, 13 patients went off study for lack of an adequate response (less than PR) after 4 cycles therapy 
(4 in ICd groups and 9 in RCd groups). We analyzed the clinical data of these patients with primary resistance 
(Table 3). RNA sequencing (RNA-seq) data were collected in 6 (2 in ICd and 4 in RCd groups) of the 13 patients. 
By RNA-seq technology, 2 cases with IgH-NSD2, 1 case with IgH-MYC and 1 case with IgH-MAF were found, 
which were undetectable by FISH. At data cutoff (May 2024), only one patient died (due to progress disease).

There were 4 patients (MR 2 cases, SD 1 case and PD 1 case) who were not sensitive to the first line ICd 
therapy. Three patients crossed over to the RCd regimen and achieved PR; one patient with PD (patient #3) 
was given DPARD (daratumumab/bortezomib/doxorubicin/lenalidomide/dexamethasone) as the second line 
of therapy and achieved CR. In the RCd group, there were 9 patients who did not achieved at least PR after 
4 cycles induction (SD 4 cases, MR 4 cases and PD 1 case). 6 patients cross over to ICd therapy, one of them 
achieved (patient #7) CR, one patient with t (11;14) remain SD status (patient #12). One patient in PD (patient 
#13) received DVD (daratumumab/bortezomib/dexamethasone) as the second line of therapy, achieved CR. The 
second line of treatment regimens and response outcomes were shown in Fig. 3.

Treatment exposure and safety
At the time data frozen (May 2024), 11 (35.5%) and 8 (25.0%) patients were still ongoing on maintenance 
therapy in the ICd and RCd groups, respectively. Patients received a median of 18 (range, 2–48) cycles and 15 
(range, 2–44) cycles of treatment in the ICd and RCd groups. 87.1% vs. 71.9% of patients completed 8 cycles 
of induction therapy. During induction, the median relative dose intensity (RDI) for all agents were slightly 
lower in the RCd group (91.4% vs. 96.1%). Dose reductions occurred more frequently in the RCd group than 
in ICd group (37.5% vs. 22.6%). Treatment discontinuation occurred mostly for disease progression, patients 
discontinued intervention for TEAEs were 3.2% vs. 6.3% in the ICd vs. RCd group, respectively, (Table 4).

The most common any-grade AEs were neutropenia, anemia, thrombocytopenia, diarrhea, constipation, 
rash and pneumonia (Table 5). Any-grade neutropenia occurred more frequently in the RCd group 26 (81.3%) 

patient Age Sex Type FISH RNA seq 1 L Res1 2 L Res2 Survival

#1 74 M IgG 17p-,13q-,1q21+ ND ICd MR RCd PR die, 21 m

#2 66 M IgA 13q-,1q21+ ND ICd MR RCd PR alive, 40 m

#3 69 F IgG 13q- IgH-MAF ICd PD DPARD CR alive, 22 m

#4 67 F IgG 17p-,13q-,1q21+ 1q21+ ICd SD RCd PR alive, 23 m

#5 69 M IgA 1q21+ ND RCd SD ICd PR alive, 49 m

#6 68 M k 13q-1q21+ ND RCd MR ICd PR alive, 45 m

#7 70 M IgA 13q-,1q21+,t(4;14) ND RCd MR ICd CR alive, 40 m

#8 69 F IgG 17p-,1q21+ IgH-NSD2 RCd MR ICd PR alive, 36 m

#9 68 F IgG 17p- IgH-NSD2 RCd MR DRD PR alive, 35 m

#10 71 F IgG 17p-,13q-,1q21+ IgH-MYC RCd SD ICd PR alive, 33 m

#11 67 M λ 13q-1q21+ ND RCd SD RCd SD alive, 32 m

#12 66 M IgG 13q-,1q21+,t(11;14) IgH-CCND1 RCd SD ICd SD alive, 26 m

#13 71 F k IgH deficiency ND RCd PD DVD CR alive, 20 m

Table 3.  Clinical data of patients who primary resistant to ICd or RCd. Abbreviations: RNA seq, RNA 
sequencing; 1L, first line of therapy; Res1, response to the first line of therapy; 2L, second line of therapy; Res2, 
response to the second line of therapy; ND, not done.

 

Fig. 2.  Kaplan-Meier analysis of survival. (a) PFS in the ICd and RCd groups. (b) OS in the ICd and RCd 
groups.
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ICd (N = 31) RCd (N = 32)

Median treatment cycles, n (range) 18 (2–48) 15 (2–44)

Completed 8 cycles induction therapy, n (%) 27 (87.1) 23 (71.9)

Mean (SD) relative dose intensity during induction, %

Ixazomib 95.9 (10.9) /

Lenalidomide / 89.0 (19.8)

Cyclophosphamide 100 96.1 (15.7)

Dexamethasone 92.7 (19.6) 89.2 (20.7)

For all 3 agents 96.1 (16.7) 91.4 (18.6)

Any TEAE, n (%) 31 (100) 32 (100)

Any grade ≥ 3 TEAE, n (%) 9 (29.0) 10 (31.3)

TEAE result in dose reduction of ≥ 1 of the 3 agents in the study, n (%) 7 (22.6) 12 (37.5)

TEAE result in dose reduction of Ixazomib, n (%) 4 (12.9) /

TEAE result in dose reduction of Lenalidomide, n (%) / 8 (25.0)

TEAE result in discontinuation of ≥ 1 of the 3 agents in the study, n (%) 1 (3.2) 2 (6.3)

Relative dose intensity defined as: 100 × (total dose received in mg)/ (sum of prescribed dose of all 
treated cycles); TEAE, Treatment emergent adverse event.

Table 4.  Treatment exposure and overall safety profile.

 

Fig. 3.  The second line of treatment regimens and the response outcomes in the 13 cases of patients who were 
not achieved less than PR in the primary treatment with ICd or RCd.
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than in the ICd group 19 (61.3%) (P = 0.080). Grade 3 or 4 neutropenia were reported in 10 (31.3%) patients 
in the RCd group and in 2 (6.5%) in the ICd group (P = 0.012). Grade 3 or 4 pneumonia occurred in 5 (15.6%) 
of patients in the RCd group. Fewer patients experienced grade 3 or 4 other nonhematological AEs, except 4 
patients (ICd group) reported grade 3 or 4 diarrhea. Both the RCd and the ICd group reported grade 1 or 2 rash, 
4 (12.9%) and 5 (15.6%), respectively. Vein thrombosis occurred both in the RCd group with 3 (9.4%) patients 
and in the ICd group with 2 (6.5%) patients, while all were in grade 1or 2.

Discussion
Although DRD and VRd-lite are currently the mainstream first-line treatment options for TI-NDMM, NCCN 
guidelines (version 1. 2025) still confirm that options such as RCd8,9and VCd are useful in certain circumstance. 
Bortezomib is often replaced by ixazomib due to its neurotoxicity and long-term convenience. In some previous 
studies, ICd10,11 regimen has been confirmed to be feasible for the newly diagnosed multiple myeloma. As an 
oral based option, it is unclear whether the ICd or the RCd regimen is more appropriate for the elderly transplant 
ineligible newly diagnosed multiple myeloma patients. The current study is the first trial to compare the efficacy 
and safety of the RCd and ICd regimes in patients with TI-NDMM head-to-head.

In the present study, it seemed that the ORR of ICd regimen was numerically superior to that of RCd, 87.1% 
vs. 71.9%, including ≥ VGPR in 41.9% vs. 31.2%. The advantage in ORR of the ICd regimen did not translate into 
a survival benefit, and there was no statistical difference between the two groups in PFS and OS. The median PFS 
was 22 vs. 23 months, and the estimated 3-years OS rate was 86.4% vs. 85.4%, respectively. This might be related 
to the timely replacement regimen for patients who did not achieve PR after initial therapy, and more effective 
subsequent therapy (such as the regimen containing CD38 monoclonal antibody) for relapsing patients.

In terms of safety, the incidence of 3–4 grade adverse events was low in both groups, at 29% and 31.3%. 
Neutropenia and pneumonia were more common in the RCd group (31.3% and 15.6%), always leading to dose 
reductions. However, these rates were still lower than those reported in the MAIA (DRd) study (54% and 19%)14. 
Grade 3 or 4 diarrhea was reported in the ICd group (12.9%), but not result in discontinuation. Overall, the ICd 
regimen appeared to be better tolerated than the RCd regimen, with treatment-related dose reductions at 22.6% 
vs. 37.5% and discontinuations at 3.2% vs. 6.3%, respectively.

These results were consistent with previous studies, with slight differences in efficacy and safety profile that 
might appear to be affect by the difference of patient age and therapeutic dose. In the phase II study of RCd8, 
43% of patients were age>65 years (median 64, range 37–82), an ORR 85% received, including ≥ VGPR in 47%. 
Patients were given lenalidomide at 25 mg (p. o. D1-21) and CTX (300 mg/m2 D1,8,15). While in the phase 3 
trial9, 33% of patients were aged>75 years, lenalidomide was given 10 mg per day for 21 days, oral CTX 50 mg 
every other day for 21–28 days, the ORR was slightly decrease at 68%. In our RCd group, all the patient were 
aged ≥ 65 years, including 12.5% ≥ 75 years, lenalidomide was given 25 mg (p. o. D1-21), except 10 mg was 
received in patients with CrCl 30–60ml/min, CTX was administered intravenously at 750 mg/m2 D1 (reference 
to the dose in CHOP regimen of lymphoma). Intravenous CTX seemed to be more tolerable in our study, the 
relative dose intensity (RDI) of CTX were 100% and 96.1% in the ICd group and RCd group. While in a Phase 
2 trial of ICd11, 20% of patients occurred AEs resulting in dose reduction of cyclophosphamide, when given 
300 mg/m2 or 400 mg/m2 of cyclophosphamide orally in D1,8,15.

Although the sample size was small (n= 13), the exploratory analysis of patients with primary resistance 
(less than PR at the end of 4 cycles) provided some interesting findings and validated some previously reported 
studies. (a) Combined RNA-seq data allowed more precise identification of the translocation breakpoints than 
is possible with fluorescent in situ hybridization (FISH). Such as IgH-NSD2, IgH-MYC and IgH-MAF. The 
next generation sequencing technique should be used to detect more high-risk patients in the future15,16. (b) 
Patient with IgH-MAF might be insensitive to ixazomib (patient #3). Ya-Wei Qiang17et al. had reported that 

Any Grade, n (%) Grade 3 or 4, n (%)

ICd (N = 31) RCd (N = 32) P ICd (N = 31) RCd (N = 32) P

Hematological adverse events

Neutropenia 19 (61.3) 26 (81.3) 0.080 2 (6.5) 10 (31.3) 0.012

Anemia 21 (67.7) 26 (81.3) 0.257 6 (19.4) 6 (18.8) 0.951

Thrombocytopenia 11 (35.5) 12 (37.5) 0.868 2 (6.5) 2 (6.3) 0.974

Nonhematological adverse events

Nausea and vomiting 5 (16.1) 0 0.024 / / /

Diarrhea 8 (25.8) 2 (6.3) 0.043 4 (12.9) 0 0.053

Constipation 9 (29.0) 7 (21.9) 0.468 / / /

Rash 4 (12.9) 5 (15.6) 0.758 0 1 (3.1) 0.942

Herpes zoster 4 (12.9) 3 (9.4) 0.708 1 (3.2) 0 0.912

Vein thrombosis 2 (6.5) 3 (9.4) 1.000 / / /

Pneumonia 6 (19.4) 8 (25.0) 0.590 0 5 (15.6) 0.053

Liver impairment 0 2 (6.3) 0.492 / / /

Heart failure 1 (3.2) 1 (3.1) 1.000 1 (3.2) 1 (3.1) 1.000

Table 5.  Adverse events of patients in ICd and RCd groups.
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high expression of MAF protein in myeloma due to t (14;16) translocation confers innate resistance to PIs. 
And PIs prevent GSK3-mediated degradation of MAF protein, which further augments the resistance to PIs 
in t (14:16) myeloma. (c) Patient with t (4;14) was insensitive to RCd but sensitive to ICd (patient #7, #8, #9). 
t (4;14) translocation results in the generation of 2 derivative chromosomes that place fibroblast growth factor 
receptor 3 (FGFR3) and nuclear receptor SET domain protein 2 (NSD2) under the control of the IgH super 
enhancer elements18. A pooled analysis showed that a PFS benefit was observed in patients with t (4;14) and 
amp1q21 with ixazomib-based therapy19. Coincidentally, in our cohort, patient #7 with amp1q21 and t (4; 14), 
CR was obtained after conversion from RCd to ICd regime. The other two patients (#8 and #9) had both 17p- 
and IgH-NSD2 cytogenetic abnormalities that converted to ICd and DRd, respectively, but only achieved PR. 
There were three breakpoint observed in IgH::NSD2 (no-disruption, early-disruption and late-disruption)16,20. 
Stong et al.16indicated ~ 25% of t (4;14) patients had an overall survival (OS) < 24 months. Biomarkers associated 
with this poor outcome included translocation breakpoints located within the NSD2 gene (later disruption) 
or accompanied by additional abnormal cytogenetics, such as deletion 17p or 1p. (d) Patient with t (11;14) 
was insensitive to both lenalidomide and ixazomib (patient #12). As reported in the literature21–23, patients 
with t (11;14) had some unique characteristics, such as poorer response to single novel agent-based induction 
therapy, even with the use of RVD regimens, it had inferior outcomes compared to the other standard risk 
myeloma. Since bcl-2 is highly expressed among MM patients carrying the t (11;14), there were growing number 
of reports indicating venetoclax for treatment myeloma patients with t (11;14)24,25. (e) Second-line treatment 
with daratumumab based treatment was more likely to achieve CR (patient #3 and #13). A pooled meta-
analysis including MAIA, ALCYONE, and CASSIOPEA for TI-NDMM26–28demonstrated that the addition of 
Daratumumab to each control group at induction, significantly improved PFS and MRD-negativity rates. But the 
higher incidence of neutropenia and infections need to take into account, especially in the frail patients26,29,30.

A limitation of the current study is that our study sample size was not completed as planned due to the 
COVID-19 pandemic and China’s approval of Daratumumab as a first-line health insurance indication for the 
TI-NDMM in the year 2023. Another limitation is that our second-generation sequencing was performed in 
only a small subset of patients, resulting in a lack of complete biological data for all patients to explore primary 
drug resistance, so the conclusions may be biased, and more complete data will be needed in the future to 
confirm the current conclusions. However, as a standard RCT study, we had no patient loss of follow-up, and the 
limited data provided some reliable results. Trends in ORR benefit with ICd had seemed, especially in patients 
with high-risk cytogenetics. Many studies31–33 have suggested that Ixazomib prolongs PFS in high-risk RRMM. 
With fewer dose reduction and discontinuation during treatment, ICd and RCd regimens were well tolerated 
and feasible for TI-NDMM. Intravenous injection of CTX 750 mg/m2 on the first day of each cycle was safe and 
well tolerated.

In conclusion, this study at least provides good clinical guidance for doctors who choose the ICd or RCd 
regimen as first-line treatment in TI-NDMM. With nearly two-year of PFS times and about 85% estimated 
3-year OS times, it provides ample opportunity for patients to expect and convert to new subsequently launched 
drugs.

Data availability
All data generated or analyzed during this study are included in this published article.
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