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Aim: Expanding treatment options for transplant-ineligible newly diagnosed multiple myeloma (ndMM) in
China has increased the need to identify treatment strategies that improve patient outcomes while using
healthcare resources efficiently. This study evaluated the cost-effectiveness of in-class transition (iCT) to
ixazomib, lenalidomide and dexamethasone (IRd) versus daratumumab, lenalidomide and dexamethasone
(DRd) for transplant-ineligible ndMM from the perspective of the Chinese healthcare system. Materials
& methods: A cost-effectiveness analysis was conducted using a Markov cohort model that simulated
lifetime health benefits and medical costs for the two treatment modalities. Model inputs were estimated
from best available real-world evidence in the literature and from public data sources. Deterministic,
probabilistic and scenario sensitivity analyses were performed to assess uncertainty in model results.
Results: In the base-case analysis, iCT IRd was projected to generate 0.580 additional quality-adjusted
life years versus DRd (4.724 vs 4.144) and save lifetime medical costs by $7751. One-way sensitivity
analysis indicated that cost-effectiveness was driven by uncertainty in model inputs related to treatment
discontinuation and subsequent disease progression. Probabilistic sensitivity analysis estimated that iCT
IRd had 79.2%, 88.0% and 91.3% probabilities of being cost-effective at willingness-to-pay thresholds of
one, two and three-times China’s 2025 gross domestic product per capita per quality-adjusted life year,
respectively. Conclusion: Based on best available real-world evidence, the iCT IRd modality could be cost-
effective compared with the DRd modality for transplant-ineligible patients with ndMM in China. Future
real-world studies are needed to confirm the projected outcomes.

Plain language summary: Comparing the value of an ixazomib-based sequential strategy with antibody-
based treatment for newly diagnosed myeloma in China
What is this article about? Multiple myeloma is an incurable blood cancer. For newly diagnosed patients
in China who are not eligible for stem cell transplant, selecting an initial treatment strategy is clinically
important and can also affect long-term health outcomes and medical costs. This study used a computer
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model to simulate lifetime health outcomes and medical costs under the two treatment strategies
(started with bortezomib-based induction therapy and followed by maintenance treatment containing
oral ixazomib [iCT IRD] versus using daratumumab [DRd] as induction and maintenance treatment) that
could be used in real-world clinical practices.
What were the results? The model projected that iCT IRd could provide more quality-adjusted survival
while reducing total medical expenditures over a patient’s lifetime compared with DRd. These projected
differences were driven mainly by treatment discontinuation, the risk of disease progression after
discontinuation and the later-line treatments.
Why is this important? This study suggests that for newly diagnosed multiple myeloma patients in China
who cannot undergo a stem cell transplant, the iCT IRd strategy could offer a practical alternative to DRd
by extending quality-adjusted life expectancy while reducing overall medical costs. These findings provide
initial economic evidence that may help health system planners and policymakers evaluate treatment
access, though because these conclusions rely on computer modeling and assumptions, future real-world
clinical studies will be essential to confirm whether these projected health and cost benefits hold true in
actual practice.

First draft submitted: 3 July 2026; Accepted for publication: 28 August 2026; Published online:
13 October 2026
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Multiple myeloma (MM) is an incurable hematological malignancy whose incidence in China increased by nearly
30% over a 10-year period [1]. The main therapeutic goal in MM is to optimize overall survival (OS) and health-
related quality of life (HRQoL) through appropriate treatment sequencing. The advent of novel treatment options
has significantly improved survival outcomes and encouraged evaluation of strategies that combine and sequence
these therapies to further optimize patient outcomes [2–4]. According to the 2024 Chinese clinical guideline,
recommended first-line options for transplant-ineligible newly diagnosed MM (ndMM) include bortezomib-
based induction regimens followed by maintenance, daratumumab-lenalidomide-dexamethasone (DRd) and oral
proteasome inhibitor-based regimens [5]. Daratumumab, a monoclonal antibody targeting CD38, has demonstrated
favorable efficacy in transplant-ineligible ndMM in randomized clinical trials. In a clinical trial setting, 85% of
patients receiving DRd achieved progression-free survival (PFS) at 12 months [6]. Such trial settings may provide
more intensive compliance management for intravenous treatments than routine real-world settings [7]. However,
the drug acquisition cost, intravenous administration requirements and healthcare resource demands associated
with daratumumab may challenge the efficient use and real-world effectiveness of DRd in routine practice [8–10].

In a real-world study conducted in the USA, 80.5% of transplant-ineligible patients with ndMM discontinued
DRd within 15 months [7]. By contrast, all-oral treatments, such as ixazomib and lenalidomide, may offer advantages
in administration convenience, reduced hospital visits and improved adherence [11,12], which are particularly
relevant in the Chinese healthcare system. In the Phase III TOURMALINE-MM2 randomized controlled trial [13],
upfront ixazomib-lenalidomide-dexamethasone (IRd) did not achieve statistical significance for its primary PFS
end point compared with lenalidomide plus dexamethasone (Rd) in transplant-ineligible ndMM. However, the
treatment strategy evaluated in the present study differs from upfront IRd as tested in TOURMALINE-MM2. In
routine Chinese clinical practice, clinicians may adopt a pragmatic in-class transition (iCT) strategy, transitioning
from bortezomib-based injectable induction to oral ixazomib-based continuous therapy, particularly for elderly or
transplant-ineligible patients. For these patients, an all-oral continuous regimen may reduce the burden of repeated
injections and hospital visits, which may be particularly relevant for those with frailty, limited mobility or dependence
on caregivers [11,12]. Therefore, the present analysis was designed to evaluate a real-world treatment-sequencing
strategy rather than to infer the relative front-line efficacy of IRd versus DRd from randomized trial data. A Chinese
real-world study including nontransplant patients with ndMM and patients with first relapse after lenalidomide
maintenance reported a 2-year PFS rate of 84.3% among patients receiving ixazomib-containing oral regimens
following bortezomib-based induction [12]. Although these results were reported from a single-arm observational
study without a direct comparator, they suggest favorable PFS outcomes with ixazomib-containing oral regimens
in nontransplant MM and may complement evidence from studies of DRd in similar populations [6,7,12]. In light
of these findings, this study conducted a cost-effectiveness analysis (CEA) comparing iCT IRd with DRd, defined
as DRd used for both induction and continuous therapy, from the perspective of the Chinese healthcare system.
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In this comparison, DRd was modeled as a complete frontline regimen initiated at treatment start and continued
until disease progression or unacceptable toxicity, consistent with the MAIA regimen and Chinese guideline
recommendations [5,6], rather than as maintenance following bortezomib induction. Rather than comparing two
isolated regimens, this analysis evaluated two clinically relevant treatment strategies: a sequential oral proteasome
inhibitor-based strategy that preserves additional anti-CD38 antibody-based regimen options, including DRd,
for later lines, and an upfront antibody-based strategy. The study aimed to identify the most efficient treatment
modality for transplant-ineligible ndMM in real-world settings, defined as achieving better or similar outcomes
while making more efficient use of healthcare resources. Because both intravenous and subcutaneous formulations
of daratumumab have been approved in China, the analysis assessed the cost-effectiveness of iCT IRd versus DRd
using both daratumumab formulations at the same level of comparison.

Materials & methods
This study used a CEA framework to evaluate the comparative economic and health outcomes of the iCT IRd
modality versus the DRd modality for transplant-ineligible ndMM from the perspective of the Chinese healthcare
system. The economic evaluation was reported in accordance with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) 2022 statement [14]. According to the latest Chinese clinical guideline [5], several
first-line modalities are available for transplant-ineligible ndMM. This study selected bortezomib-based induction
followed by continuous treatment with ixazomib plus lenalidomide and dexamethasone as the iCT IRd modality,
and daratumumab-based treatment for both induction and continuous treatment as the DRd modality. The
analysis considered direct medical costs and health benefits measured as quality-adjusted life years (QALYs) over
a lifetime horizon. These modalities were selected because DRd represents a guideline-recommended antibody-
based option, whereas iCT IRd represents an oral proteasome inhibitor-based sequencing strategy supported by
real-world evidence in Chinese patients. Treatment dosages and administration schedules for the included regimens
were obtained from the corresponding prescribing information and published clinical studies; regimen-specific
details are provided in Supplementary Table 3. The CEA model was constructed using Microsoft Excel 365 Version
16.111.1 (Microsoft Corporation, WA, USA).

Model structure
A Markov model was constructed to simulate the two treatment modalities (iCT IRd vs DRd) for transplant-
ineligible ndMM and subsequent sequential therapies for relapsed and refractory multiple myeloma (rrMM) until
death. The model first simulated response to front-line induction therapy and then used a Markov structure
to simulate continuous maintenance therapy among patients achieving an overall response, defined as partial
response (PR), very good partial response (VGPR) or complete response (CR). Continuous therapy was defined as
maintenance treatment administered after induction until disease progression, treatment discontinuation unrelated
to progression, or death. Patients who discontinued continuous therapy were classified as having discontinued
because of disease progression (relapse) or for reasons unrelated to progression. Patients experiencing disease relapse
were further simulated to receive subsequent therapies until all available treatment options were exhausted. For
patients who discontinued treatment for other reasons, such as clinical intolerance, the model simulated the risk of
disease progression under the residual treatment effects of continuous therapy.

Basket-based treatment allocation frameworks have previously been adopted in economic evaluations of hema-
tologic malignancies to address heterogeneity in treatment distribution in the absence of direct comparative
evidence [15]. To reflect contemporary clinical practice in China, where available rrMM treatment options may be
used sequentially, the CEA model used a consolidated basket approach [16] to simulate subsequent lines of therapy.
Although MM therapies are sequential rather than cyclic, the cited treatment-sequence framework was used as a
mathematical approach for structuring treatment availability and exclusion rules, rather than as a disease-specific
clinical proxy. In the present model, this framework was adapted to handle exclusionary treatment rules so that
agents used in the front-line setting were excluded from the subsequent rrMM treatment pool while downstream
multi-drug treatment distributions were mapped simultaneously. Accordingly, the treatment baskets differed be-
tween modalities, because DRd and IRd were excluded from subsequent rrMM therapies if they had already been
used for transplant-ineligible ndMM. Exclusion was applied to the same complete regimen rather than to the entire
therapeutic class; therefore, other daratumumab-containing or proteasome inhibitor-containing regimens could
remain available if they were not identical to the previously used regimen. The basket distributions were structural
cohort-allocation inputs and should not be interpreted as directly observed patient-level sequencing probabilities.
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The subsequent-line treatment sequencing map illustrating the exclusion rules and basket composition for the two
modalities is presented in Supplementary Appendix Section 2.2.

To enhance methodological rigor, the simulation tracked cohorts across mutually exclusive health states using
constant monthly transition probabilities derived from aggregated literature evidence. This structure is a standard
discrete state-transition Markov framework and does not involve patient-level survival curve fitting or parametric
survival extrapolation curves commonly associated with partitioned survival models. Instead, monthly transition
probabilities for disease progression and mortality were derived from reported median PFS and OS under a constant
hazard assumption, using λ = ln(2)/median time and converting this rate into monthly probabilities as p = 1 -
exp(-λ) [17]. Long-term outcomes were therefore simulated through repeated Markov state transitions based on
summary survival inputs rather than through direct extrapolation of fitted Kaplan–Meier survival curves. The
Markov cycle length was 1 month, and half-cycle correction was applied. The model used a lifetime horizon
for the full cost-effectiveness assessment. Health benefits and medical costs were discounted at an annual rate of
4.5%, consistent with the China Guidelines for Pharmacoeconomic Evaluations [18]. The CEA model structure is
illustrated in Figure 1.

Model inputs
To maximize model generalizability, this study conducted a systematic literature search of major Chinese databases
(CNKI, Wanfang and VIP) and international databases (MEDLINE, Embase and Web of Science) from 1 January
2018 to 22 March 2024, focusing on observational studies from China, Japan, and Korea to ensure relevance to the
Chinese healthcare context. A supplementary search without restrictions on study region or publication date was
also conducted to address scarce evidence in China and selected Asian countries. The searches combined controlled
vocabulary and free-text terms for MM, observational or real-world study designs, treatment regimens and individual
drug names, clinical and safety outcomes, HRQoL and utility measures, healthcare resource utilization and costs
and economic outcomes. Search syntax, controlled vocabulary, field tags and limits were adapted to the requirements
of each database. The principal search concepts and representative terms used across the international and Chinese
databases are summarized in Supplementary Appendix Section 1.1. Identified observational studies were assessed
for quality using the Newcastle-Ottawa Scale, and only studies of moderate or high quality were included in the
evidence synthesis. Single-arm meta-analysis with a random-effects model was the main approach for aggregating
evidence from multiple studies where available. Statistical heterogeneity was assessed where estimable, with detailed
methods and results reported in Supplementary Appendix Sections 1.4 & 1.5. Overall, 280 studies were included
to estimate model inputs. The detailed systematic literature review (SLR) methodology, screening process, evidence
synthesis approach and primary parameter meta-analysis results are provided in Supplementary Appendix Section 1.
The estimated model inputs are summarized in Table 1.

Model cohort
Based on a meta-analysis of 190 observational studies reporting characteristics of Chinese patients with transplant-
ineligible ndMM, the baseline cohort characteristics were derived as model inputs. The simulated cohort had a
mean starting age of 60.5 years (95% CI: 59.2–61.8), with 57.2% (95% CI: 56.1–58.2%) of patients being male,
and a mean body weight of 64.0 kg (95% CI: 61.5–66.5).

Clinical data inputs
This study selected five commonly used induction therapies for the iCT IRd modality: bortezomib, lenalidomide and
dexamethasone (VRd); bortezomib, cyclophosphamide and dexamethasone (VCd); bortezomib, doxorubicin and
dexamethasone (VAd); bortezomib and dexamethasone (Vd); and bortezomib, thalidomide and dexamethasone
(VTd). These regimens were selected based on endorsement in the latest Chinese clinical guideline and the
availability of sufficient real-world evidence [5]. Other less frequently used regimens were not included because they
are rarely adopted in current practice or lack adequate data to inform model inputs. The estimated distributions
of these five induction therapies in Chinese patients with transplant-ineligible ndMM, together with pooled
overall response rates (ORRs) from the literature, were used to calculate the weighted mean ORR for iCT IRd
induction therapy. The collected discontinuation rates and follow-up durations for continuous therapies in the
two modalities were used to calculate monthly treatment discontinuation risks using an exponential survival
function [7,12,27–29]. Reported reasons for treatment discontinuation from identified studies were pooled to estimate
the proportion of patients who discontinued continuous therapy because of disease relapse [6,12,27,30,31]. For patients
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Table 1. Model inputs for the cost-effectiveness analysis comparing in-class transition to ixazomib, lenalidomide and
dexamethasone with daratumumab, lenalidomide and dexamethasone in transplant-ineligible patients with newly
diagnosed multiple myeloma in China.
Model inputs iCT IRd baseline (95% CI) DRd baseline (95% CI) iCT IRd data source DRd data source Ref.

Demographics

Age (years) 60.5 (59.2–61.8) 60.5 (59.2–61.8) SLR pooled Same as iCT IRd

Male (%) 57.2% (56.1%–58.2%) 57.2% (56.1%–58.2%) SLR pooled Same as iCT IRd

Weight (kg) 64.0 (61.5–66.5) 64.0 (61.5–66.5) SLR pooled Same as iCT IRd

Treatment duration of induction

Front-line induction duration (weeks) 16 24 Product label and
prescribing
information

Product label and
prescribing
information

Treatment persistence during continuous therapy

Monthly treatment discontinuation risk 0.043 (0.026–0.071) 0.055 (0.037–0.081) SLR pooled
(Supplementary
Appendix Section 1.5.1)

SLR pooled
(Supplementary
Appendix Section 1.5.1)

Proportion of discontinuations due to PD 26.0% (18.8%–34.8%) 50.1% (-) SLR pooled
(Supplementary
Appendix Section 1.5.2)

SLR pooled
(Supplementary
Appendix Section 1.5.2)

Treatment efficacy

ORR during front-line induction therapy 82.6% (-) 87.3% (80.3%–92.1%) Weighted pooled
(Supplementary
Appendix Section 1.5.3)

SLR pooled
(Supplementary
Appendix Section 1.5.3)

ORR during subsequent-line induction
therapy

67.4% (-) 61.2% (-) Basket-weighted
pooled estimate
(Supplementary
Appendix Section 1.5.3)

Basket-weighted
pooled estimate
(Supplementary
Appendix Section 1.5.3)

Monthly progression risk

Front-line discontinuation for non-PD
reasons (residual effects)

0.035 (-) 0.018 (0.004–0.057) Weighted pooled
(Supplementary
Appendix Section 1.5.4)

SLR pooled
(Supplementary
Appendix Section 1.5.4)

Subsequent continuous therapy for rrMM 0.037 (-) 0.064 (-) Basket approach
matrix (Supplementary
Appendix Sections
2.1–2.3)

Basket approach
matrix (Supplementary
Appendix Sections
2.1–2.3)

Monthly post-progression mortality risk

PPS state after rrMM progression 0.012 (-) 0.022 (-) Basket approach
matrix (Supplementary
Appendix Sections
2.1–2.3)

Basket approach
matrix (Supplementary
Appendix Sections
2.1–2.3)

Supportive care 0.064 (-) 0.064 (-) Weighted average
(Supplementary
Appendix Section 2.4)

Same as iCT IRd

Health-related quality of life (utility ratio)†

PFS under continuous therapy for ndMM 0.914 (-) 0.914 (-) Same as iCT IRd [19–21]

PFS under subsequent continuous therapy
for rrMM

0.879 (-) 0.879 (-) Same as iCT IRd [22,23]

PPS 0.738 (-) 0.738 (-) Same as iCT IRd [19,20,22–25]

Disutility associated with SAE 0.049 (-) 0.049 (-) Same as iCT IRd [24,26]

Medical costs per model cycle (US$) Based on national public bidding prices and clinical resource
utilization

Induction therapy for ndMM

Drug acquisition costs $169 $4425

Hospital administration costs $259 $259

SAE management costs $50 $71

†Utility ratios were applied to age- and sex-matched Chinese general population utilities in each model cycle to estimate cycle-specific absolute health-state utilities. A dash indicates
that a CI was not available or not applicable. Costs are reported in 2026 US dollars.
DRd: Daratumumab, lenalidomide and dexamethasone; iCT IRd: In-class transition to ixazomib, lenalidomide and dexamethasone; ndMM: Newly diagnosed multiple myeloma; ORR:
Overall response rate; PD: Progressive disease; PFS: Progression-free survival; PPS: Post-progression survival; rrMM: Relapsed or refractory multiple myeloma; SAE: Serious adverse event;
SLR: Systematic literature review.
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Table 1. Model inputs for the cost-effectiveness analysis comparing in-class transition to ixazomib, lenalidomide and
dexamethasone with daratumumab, lenalidomide and dexamethasone in transplant-ineligible patients with newly
diagnosed multiple myeloma in China (cont.).
Medical costs per model cycle (US$) Based on national public bidding prices and clinical resource

utilization

Disease monitoring costs $111 $111

Disease management costs $84 $84

Continuous therapy for ndMM

Drug acquisition costs $2257 $1714

Hospital administration costs $0 $259

SAE management costs $28 $71

Disease monitoring costs $63 $63

Disease management costs $84 $84

Subsequent induction therapy for rrMM

Drug acquisition costs $2912 $2867

Hospital administration costs $223 $223

SAE management costs $105 $139

Disease monitoring costs $111 $111

Disease management costs $84 $84

Subsequent continuous therapy for rrMM

Drug acquisition costs $1440 $1480

Hospital administration costs $214 $214

SAE management costs $114 $151

Disease monitoring costs $63 $63

Disease management costs $84 $84

PD management costs $656 $656

Supportive care costs $713 $713

†Utility ratios were applied to age- and sex-matched Chinese general population utilities in each model cycle to estimate cycle-specific absolute health-state utilities. A dash indicates
that a CI was not available or not applicable. Costs are reported in 2026 US dollars.
DRd: Daratumumab, lenalidomide and dexamethasone; iCT IRd: In-class transition to ixazomib, lenalidomide and dexamethasone; ndMM: Newly diagnosed multiple myeloma; ORR:
Overall response rate; PD: Progressive disease; PFS: Progression-free survival; PPS: Post-progression survival; rrMM: Relapsed or refractory multiple myeloma; SAE: Serious adverse event;
SLR: Systematic literature review.

discontinuing continuous therapy for nonprogression reasons (e.g., clinical intolerance), the immediate transition
risk of progressive disease was anchored to the constant monthly progression hazard of their completed front-
line induction chemotherapy. This hazard rate was derived mathematically from literature-reported median PFS
using an exponential survival function under a constant hazard assumption, a structural proxy widely validated
in international state-transition modeling guidelines [17,32]. The explicit formulation, mathematical derivation and
individual regimen trial-derived inputs are detailed in Supplementary Appendix Section 1.5.4. Reported incidences
of grade ≥3 adverse events were pooled and used as regimen-specific serious adverse event (SAE) inputs to estimate
monthly safety-event risks during continuous treatment for the two modalities. The ORR of induction therapy
and the monthly risk of disease progression for treatment baskets in the two modalities were estimated from pooled
outcomes from included real-world rrMM studies, including ORR, median PFS and OS.

Utility inputs
Utility values for progression-free and progressed disease health states were obtained from seven published studies
conducted in East Asia, including six from China and one from Japan [19–25]. To account for differences in
background population health utility across countries and by age, utility inputs were modeled as health-state utility
ratios. Specifically, the reported MM health-state utility from each study was divided by the corresponding age- and
sex-matched general population utility of the source country or region. These utility ratios were then multiplied
by age- and sex-matched Chinese general population utility values in each cycle to generate cycle-specific absolute
utilities for Chinese patients with MM [33]. To reflect the quality-of-life impact of SAEs, reported SAE-associated
disutility was applied to health states for patients receiving continuous therapies [24,26].
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Cost inputs
Model inputs for direct medical costs included drug acquisition costs, administration costs for intravenous treat-
ments, disease management costs for PFS and progressive disease and SAE management costs. A bottom-up
approach was used to estimate cost inputs based on publicly available unit prices for healthcare resources and
estimated healthcare resource utilization from clinical practice. Both subcutaneous and intravenous daratumumab
acquisition costs were included, consistent with the analysis framework described in the Introduction. Historical
cost inputs were first inflated to 2026 Chinese Yuan (CNY) using the Chinese Consumer Price Index to ensure
consistent price levels across cost categories. Costs were then converted into US dollars (USD) using exchange rate
on 22 June 2026 (¥6.82 per $1.00).

Model analysis
We conducted base-case analysis (BCA), one-way sensitivity analysis (OWSA), probabilistic sensitivity analysis (PSA)
and scenario analysis to assess the cost-effectiveness of iCT IRd relative to DRd. The BCA used baseline model
inputs to calculate cumulative medical costs and QALYs over a lifetime horizon for the two modalities. The baseline
incremental cost–utility ratio (ICUR) for iCT IRd compared with DRd was calculated using estimated cumulative
QALYs and lifetime direct medical costs for both modalities. In accordance with China’s pharmacoeconomic
evaluation guidelines, three-times the 2025 gross domestic product per capita (GDPPC) per additional QALY
gained was used as the cost-effectiveness threshold for interpreting results.

To assess parameter robustness, OWSA was conducted by varying inputs across empirical 95% CIs, or across
a prespecified default range of ±25% from baseline values for the minority of operational cost variables lacking
documented variance. In the PSA, 5000 Monte Carlo iterations sampled clinical, utility and probability parameters
primarily from literature-reported 95% CIs mapped to prespecified probability distributions, as tabulated in
Supplementary Table 7. In accordance with the China Guidelines for Pharmacoeconomic Evaluations 2025 [18],
PSA and BCA results were treated with equal importance and interpreted together rather than drawing conclusions
solely from point estimates. Cost-effectiveness acceptability curves for iCT IRd and DRd were generated based on
the probabilities of being cost-effective for the two modalities under thresholds ranging from one to three-times
GDPPC.

To address recent reimbursement coverage of subcutaneous daratumumab, a scenario analysis replaced intra-
venous daratumumab with subcutaneous daratumumab in the CEA model. Only drug acquisition costs were
changed, because clinical studies have reported comparable efficacy, safety and treatment compliance between
subcutaneous and intravenous daratumumab for rrMM [34].

Results
Base-case analysis
The BCA suggested that iCT IRd was projected to have more favorable outcomes under the base-case assumptions
for transplant-ineligible patients with ndMM in China. Although the ORR for first-line induction treatment with
DRd was marginally higher than that for bortezomib-based induction treatment (87.3% vs 82.6%), the model
used a lower monthly treatment-discontinuation risk for IRd than for DRd during the continuous phase (0.043 vs
0.055), as well as a lower proportion of discontinuations attributed to disease progression (26.0% vs 50.1%). In
addition, the model included more eligible subsequent-line treatment options following iCT IRd, some of which
had lower modeled disease progression risks. Consequently, in the lifetime simulation, iCT IRd was projected to
yield an OS gain of 0.738 years (5.914 vs 5.177 years) and 0.580 additional QALYs (4.724 vs 4.144 QALYs)
compared with DRd. For medical costs, iCT IRd had lower total first-line drug acquisition costs than DRd
($37,751 vs $52,086; difference, -$14,335). This cost saving was projected to fully offset higher subsequent-line
drug acquisition costs ($22,123 vs $16,701; difference, $5422). Overall, iCT IRd reduced lifetime direct medical
costs by $7751 versus DRd ($89,274 vs $97,025). The model incorporated regimen-specific SAE risks throughout
both front-line and subsequent-line treatment. Front-line SAE-management costs were projected to be $681 for
iCT IRd and $1438 for DRd, while subsequent-line SAE-management costs were $1290 and $1151, respectively.
Consequently, total lifetime SAE-management costs were $1971 for iCT IRd and $2589 for DRd. Detailed SAE
inputs for IRd and DRd during continuous treatment are provided in Supplementary Appendix Table 4. In
addition, the mean results from 5000 PSA simulations showed that iCT IRd generated an incremental life-year
gain of 0.508 and an incremental QALY gain of 0.379, with cost savings of $5012. These PSA mean results were
directionally consistent with the BCA, suggesting favorable expected health benefits and lower expected costs for
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Table 2. Base-case analysis results comparing in-class transition to ixazomib, lenalidomide and
dexamethasone with daratumumab, lenalidomide and dexamethasone in transplant-ineligible patients
with newly diagnosed multiple myeloma in China.
Outcome iCT IRd DRd Difference

Life years 5.914 5.177 0.738

Front-line treatment (years) 3.111 3.321 -0.210

Induction therapy 0.372 0.535 -0.163

Continuous therapy 2.740 2.787 -0.047

Subsequent-line treatment (years) 2.803 1.856 0.947

Induction therapy 0.307 0.301 0.006

PFS 0.660 0.358 0.302

PPS 1.836 1.197 0.639

QALYs 4.724 4.144 0.580

Front-line treatment 2.679 2.775 -0.096

Induction therapy 0.327 0.396 -0.069

Continuous therapy 2.352 2.379 -0.027

Subsequent-line treatment 2.045 1.369 0.676

Induction therapy 0.255 0.249 0.006

PFS 0.541 0.294 0.247

PPS 1.249 0.827 0.422

Lifetime medical costs (US$) $89,274 $97,025 -$7,751

Front-line treatment $46,963 $66,546 -$19,583

Drug acquisition costs $37,751 $52,086 -$14,335

Treatment administration costs $1154 $5234 -$4080

SAE management costs $681 $1438 -$757

Disease monitoring costs $2379 $2635 -$256

Disease management costs $5000 $5154 -$154

Subsequent-line treatment $42,310 $30,479 $11,832

Drug acquisition costs $22,123 $16,701 $5422

Treatment administration costs $2513 $1721 $791

SAE management costs $1290 $1151 $139

Disease monitoring costs $909 $672 $237

Disease management costs $15,475 $10,233 $5242

ICUR for iCT IRd vs DRd Dominant

Note: Costs are reported in 2026 US dollars.
DRd: Daratumumab, lenalidomide and dexamethasone; ICUR: Incremental cost–utility ratio; iCT IRd: In-class transition to ixazomib, lenalidomide and dexametha-
sone; ndMM: Newly diagnosed multiple myeloma; PFS: Progression-free survival; PPS: Post-progression survival; QALY: Quality-adjusted life year; SAE: Serious
adverse event.

iCT IRd under the model assumptions. Thus, iCT IRd was dominant over DRd in the base-case model. BCA
results are summarized in Table 2.

One-way sensitivity analysis
For lifetime cumulative QALY differences between modalities, the incremental QALY was substantially affected by
uncertainty in the monthly disease progression risk among patients who discontinued DRd for reasons other than
disease progression (range, -0.544 to 1.200 QALYs; span, 1.744 QALYs). Uncertainty in the monthly treatment
discontinuation risk during continuous therapy also had a substantial impact on QALYs for both modalities (range
for IRd, 0.234 to 1.067 QALYs, span, 0.833 QALYs; range for DRd, 0.235 to 0.842 QALYs, span, 0.607 QALYs).
The proportion of patients discontinuing DRd because of disease relapse also had a substantial impact (range,
0.329 to 0.830 QALYs; span, 0.501 QALYs). Across all OWSAs, lifetime cumulative QALY differences between
the two modalities ranged from -0.544 to 1.200.

For lifetime cumulative medical cost differences, uncertainty in monthly treatment discontinuation risks during
continuous therapy had a substantial impact on differences between modalities (range for IRd, -$21,102 to $12,399,
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span, $33,501; range for DRd, -$19,749 to $737, span, $20,487). The monthly pneumonia risk associated with
DRd also had a substantial impact on cost differences (range, -$19,451 to -$7676; span, $11,775), as did the
distribution of daratumumab plus dexamethasone in the subsequent-therapy treatment basket under the iCT IRd
modality (range, -$10,386 to -$4651; span, $5735). Across tested model inputs, lifetime cost differences between
the two modalities ranged from -$21,102 to $12,399.

The primary driver of the ICUR for IRd relative to DRd was uncertainty in monthly treatment discontinuation
risks during continuous therapy for the two modalities (range for IRd, -$90,110/QALY to $11,616/QALY, span,
$101,726/QALY; range for DRd, -$84,079/QALY to $875/QALY; span, $84,954/QALY). However, considering
uncertainty across all tested model inputs, the ICUR for IRd relative to DRd remained below one-time GDPPC
($14,614). OWSA results for ICUR are illustrated in Figure 2.

Probabilistic sensitivity analysis
Based on ICURs generated from 5,000 Monte Carlo iterations, the PSA produced a median incremental cost of
-$5729 (95% credible interval, -$25,500 to $20,021) and a median incremental health benefit of 0.479 QALYs
(95% credible interval, -1.183 to 1.538) for iCT IRd compared with DRd. Because the PSA distribution of
incremental QALYs crossed zero, ICUR-based summaries were interpreted cautiously, and PSA interpretation
focused primarily on the joint distribution of incremental costs and QALYs, cost-effectiveness dominance and
cost-effectiveness acceptability probabilities. The probability of cost-effectiveness dominance for iCT IRd over
DRd was 55.0%. The cost-effectiveness proportions for iCT IRd under cost-effectiveness thresholds of one, two
and three-times GDPPC were 79.2%, 88.0% and 91.3%, respectively. Scatter plots of generated ICURs from the
PSA and cost-effectiveness acceptability curves for the two modalities are shown in Figures 3 & 4, respectively.

Scenario analysis
After intravenous daratumumab was replaced with subcutaneous daratumumab in the CEA model, iCT IRd still
yielded more health benefits than DRd (life years, 5.914 vs 5.177; QALYs, 4.724 vs 4.144), because administration
route was assumed not to affect the effectiveness, safety or treatment compliance of induction and continuous
therapy for the DRd modality. The lower drug acquisition cost of subcutaneous daratumumab reduced lifetime
cumulative direct medical costs for DRd from $97,025 to $93,352. Because DRd was also included as an available
subsequent-line option in the iCT IRd treatment basket, replacing intravenous with subcutaneous daratumumab
also affected subsequent-line costs in the iCT IRd modality. However, cumulative lifetime direct medical costs
for DRd remained higher than those for iCT IRd ($88,298) in the scenario analysis. Thus, iCT IRd remained
cost-effective compared with DRd irrespective of daratumumab administration route. Detailed scenario analysis
results are provided in Supplementary Appendix Table 8.

Discussion
This CEA projected potentially favorable clinical and economic outcomes for the all-oral iCT IRd modality
compared with DRd under the base-case assumptions. These modeled differences primarily reflected the treatment-
persistence inputs and the broader range of subsequent-line options represented for patients starting with iCT
IRd, including the potential later use of antibody-based regimens. This finding reflects differences in treatment
sequencing patterns rather than restrictions on access to subsequent effective therapies in the DRd group. Sensitivity
analyses supported the probabilistic value of sequential oral modality, which showed a 91.3% probability of
being cost-effective under the recommended willingness-to-pay threshold of three-times GDPPC, while also
demonstrating uncertainty in long-term health benefits. Scenario analysis further suggested that cost-effectiveness
findings were not materially changed by daratumumab administration route.

Oral regimens can ease common adherence barriers, including frequent healthcare visits and administration
challenges associated with injectable treatments [11]. In the context of China’s Diagnosis-Related Group (DRG)
system, oral therapies may reduce hospital-related resource utilization, including inpatient stays and associated
healthcare expenditures, thereby improving hospital resource efficiency. These findings are qualitatively supported
by broader oncology adherence literature. For example, European multicenter real-world evidence has reported that
oral regimens may reduce logistical time burden for patients and caregivers compared with injectable pathways [35].
Although these external data do not directly validate the risk inputs encoded in the Markov model, they provide
behavioral context for why an all-oral sequence may support persistence in older populations [36,37]. Clinically, these
findings underscore the importance of considering patient convenience and adherence when selecting treatment
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Figure 3. Scatter plot of generated incremental cost–utility ratios for in-class transition to ixazomib, lenalidomide
and dexamethasone relative to daratumumab, lenalidomide and dexamethasone from the probabilistic sensitivity
analysis.
DRd: Daratumumab, lenalidomide and dexamethasone; iCT IRd: In-class transition to ixazomib, lenalidomide and
dexamethasone; PSA: Probabilistic sensitivity analysis; QALY: Quality-adjusted life year.

100%

(0.0 times GDPPC,

55.0%)

(1.0 times GDPPC,

79.2%)

Willingness-to-pay threshold (multiples of 2025 Chinese GDPPC per QALY)

P
ro

b
a
b

il
it

y
 o

f 
c
o

s
t-

e
ff

e
c
ti

v
e
n

e
s
s
 (

%
)

(2.0 times GDPPC,

88.0%)

(3.0 times GDPPC,

91.3%)

90%

80%

70%

30%

20%

10%

0%

-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0

DRd iCT IRd

60%

40%

50%

Figure 4. Cost-effectiveness acceptability curves for in-class transition to ixazomib, lenalidomide and
dexamethasone versus daratumumab, lenalidomide and dexamethasone for transplant-ineligible newly diagnosed
multiple myeloma under varying willingness-to-pay thresholds.
DRd: Daratumumab, lenalidomide and dexamethasone; GDPPC: Gross domestic product per capita; iCT IRd: In-class
transition to ixazomib, lenalidomide and dexamethasone; ndMM: Newly diagnosed multiple myeloma.

strategies, because these factors can influence long-term survival and therapeutic outcomes. In addition, these
findings should be interpreted as evidence of the long-term value of the treatment strategy, not as proof of superior
front-line efficacy of IRd over DRd. TOURMALINE-MM2 did not show a statistically significant PFS benefit
for upfront IRd over Rd in transplant-ineligible ndMM [13], whereas MAIA established the clinical benefit of
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upfront DRd over Rd [6]. In this model, the greater simulated benefit of iCT IRd was mainly driven by treatment
sequencing: iCT IRd preserved DRd as a later-line option, while upfront DRd excluded reuse of the same regimen
after progression, though other daratumumab-containing options remained available where clinically appropriate.
Thus, the results reflect the potential downstream value of sequencing effective therapies rather than a direct efficacy
advantage of IRd. In practice, sequencing decisions should balance clinical evidence, economic efficiency, long-term
treatment options and patient preferences [5,38–42].

SAE incidence associated with continuous therapy had a comparatively minor influence on the CEA. The model
accounted for both the medical costs and disutility of SAEs, recognizing their potential effects on quality of life
and healthcare utilization. Although differences in SAE incidence between IRd and DRd could affect outcomes,
this effect was relatively small compared with survival and health utility inputs. Clinical studies suggest distinct
safety profiles for the two regimens: DRd is associated with higher rates of infusion-related reactions and infections,
whereas IRd has slightly higher incidences of gastrointestinal disturbances and rash [8,9]. In separate trials of rrMM
populations, SAE-related treatment discontinuation was reported less frequently with IRd in TOURMALINE-
MM1 than with DRd in POLLUX [31,43]. However, because these findings were derived from different trials and
patient populations, they cannot establish a comparative tolerability advantage between IRd and DRd. Although
the aggregate statistical impact of SAEs on the baseline ICUR appeared limited, management of these clinical
complications remains important for high-risk subgroups. Transplant-ineligible patients with severe baseline renal
impairment or high-risk cytogenetic abnormalities may be particularly vulnerable to drug-induced nephrotoxicity or
severe hematologic toxicities [5,44]. In clinical practice, tailored dosing and close toxicity monitoring are important to
preserve tolerability, prevent premature discontinuation, and maintain adherence in these fragile patient subsets [5].
The currently available evidence was insufficient to support a robust high-risk subgroup scenario analysis in this
model. As larger real-world datasets become available, future studies should evaluate the cost-effectiveness of iCT
IRd versus DRd in clinically relevant high-risk subgroups, including patients with renal impairment, high-risk
cytogenetic abnormalities or elevated infection risk.

Sensitivity analyses demonstrated substantial uncertainty in the magnitude and direction of the projected
incremental health benefit. In the OWSA, the incremental QALY for iCT IRd became negative when the monthly
progression risk after nonprogression discontinuation of DRd was varied to the lower boundary of its confidence
interval. In addition, 26.7% of PSA simulations generated negative incremental QALYs, and the 95% credible
interval for incremental QALYs crossed zero. These findings indicate that the model did not consistently project
a clinical advantage of iCT IRd over DRd. Although iCT IRd had a 55.0% probability of cost-effectiveness
dominance and a 91.3% probability of being cost-effective under the recommended willingness-to-pay threshold
of three-times GDPPC [18], these probabilities incorporate both costs and health outcomes and should not be
interpreted as probabilities of clinical superiority. The findings therefore suggest that iCT IRd may offer favorable
economic value under the modeled assumptions, while its comparative long-term health benefit remains uncertain.

This study underscores the potential clinical and policy relevance of iCT IRd in managing transplant-ineligible
ndMM. Across sensitivity analyses, iCT IRd remained a potentially cost-effective treatment-sequencing option
under the modeled assumptions, although the magnitude and direction of the comparative long-term health
benefit remained uncertain. The oral administration of iCT IRd may reduce logistical and time burdens associated
with injection-based therapy; however, improved adherence and patient satisfaction were not directly evaluated in
this study. Oral regimens may also reduce economic pressures by lowering costs related to hospital visits, infusion-
related care, and caregiver support [45]. These advantages support consideration of iCT IRd as a patient-centered
and potentially cost-effective treatment modality that addresses both clinical and systemic healthcare challenges in
China.

Several limitations should be considered in this study. First, no real-world evidence directly compared compliance
and effectiveness between iCT IRd and DRd, so the analysis relied on extrapolated data and assumptions that may
not fully reflect routine practice. Second, results were sensitive to key inputs, including treatment discontinuation,
disease progression and relapse-related discontinuation; PSA uncertainty may also be incomplete for parameters
without empirical variance estimates. Third, the subsequent-line treatment baskets relied on structural assumptions
regarding regimen availability, exclusion of an identical previously used regimen, and allocation across the remaining
treatment options. Complete longitudinal evidence was unavailable to determine the actual probability, timing, or
order of subsequent treatments after iCT IRd or upfront DRd. In clinical practice, treatment selection may depend
on prior response, duration of response, intolerance, drug resistance, patient characteristics, reimbursement policies,
regional availability and physician preference. The modeled downstream benefit associated with preserving DRd for
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later use is therefore assumption-dependent and may be smaller or absent under alternative real-world sequencing
patterns. Fourth, long-term survival estimates should also be interpreted cautiously. Because IPD and complete
Kaplan–Meier curves were unavailable, median PFS and OS were converted into constant monthly transition
probabilities under an exponential assumption, preventing formal survival-curve fitting, alternative distribution
testing, or external validation against Chinese registry data. Because hazards in oncology may vary over time,
this constant-hazard assumption may not fully capture changes in progression or mortality risk over the disease
course. Finally, the absence of IPD prevented MAIC or STC adjustment, so evidence synthesis relied on single-arm
meta-analyses that may retain residual confounding. Despite the use of random-effects models, parameter-specific
geographic restrictions, and study-quality assessment, residual heterogeneity and confounding across the pooled
observational studies may remain and may limit the transferability of model inputs to Chinese clinical practice.
These methods can reduce but cannot eliminate uncertainty arising from differences in study populations, settings
and outcome definitions, and they cannot replace adjusted comparative evidence. Future head-to-head real-world
studies are needed to refine inputs and validate model findings.

In conclusion, iCT IRd may represent a cost-effective and patient-centered sequencing option for transplant-
ineligible ndMM in China, with potential lifetime survival and QALY benefits versus DRd under modeled real-world
assumptions. These findings highlight the importance of treatment persistence and strategic sequencing, including
preservation of effective regimens for later lines of therapy. However, results should be interpreted cautiously given
limited comparative real-world evidence, input uncertainty and model assumptions. Further real-world studies are
needed to validate these findings and inform clinical and reimbursement decisions.

Summary points

• In-class transition to ixazomib, lenalidomide and dexamethasone was projected to generate greater lifetime
health benefits and lower lifetime direct medical costs than daratumumab, lenalidomide and dexamethasone
under the base-case assumptions, suggesting that it may be a dominant strategy.

• Results were most sensitive to assumptions about treatment discontinuation and post-discontinuation disease
progression.

• Probabilistic sensitivity analysis suggested that in-class transition to ixazomib, lenalidomide and dexamethasone
IRd may be cost-effective under commonly used Chinese willingness-to-pay thresholds, although 26.7% of
simulations projected fewer quality-adjusted life years than daratumumab, lenalidomide and dexamethasone.

• Scenario analysis suggested that the findings were not materially affected by the administration route of
daratumumab.

• The results highlight the potential importance of treatment sequencing and persistence, while the projected
downstream benefit remains dependent on the model’s assumptions regarding subsequent treatment availability.

• Findings should be interpreted cautiously given uncertainty in key inputs and the need for further comparative
real-world evidence.
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