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Table S1. Cost Estimation and Survival Derivation for Monotherapy Regimens in Multiple Myeloma This table presents the estimated treatment costs and overall survival (OS) values for selected monotherapy regimens used in multiple myeloma. OS was derived from published studies using methods such as Kaplan–Meier AUC integration, 1.3× median OS extrapolation, or directly reported mean OS values. Costs are calculated per patient based on standardized treatment cycles, administration routes, and dosage assumptions. These monotherapy estimates serve as a baseline reference for further comparative QALY and ICER analyses provided in Supplementary Table S4. Detailed assumptions and calculation methods are described in the Supplementary Methods. 
	Drugs
	OS (month)
	OS Estimation Method*
	Calculation
	Cost
(Today)
	Ref.

	Melphalan
	29.9 months

	Kaplan-Meier
	1mgx70kgx30.44daysx29.9 months/46=1,385.02 mg
	31,758.5 USD
	[8,9]

	Bortezomib
	50.1 months
	30.8 x 1.3 =50.1 months
	1.3mgx1.8m2 x72.62cyclex4dose=679.72 mg
	55,247.29 USD
	[10]

	Carfilzomib
	22.9 months
	Reported mean OS
	2daysx20mgx1.7m2=68mg+
27mgx1.7m2(23,89cyclex6+4days) = 6830.9 mg
	432,168.65 USD
	[11,12]

	Dexamethasone
	No value
	-
	80 times x 40 mg=3200 mg
	1,120 USD
	[13, 14]

	Thalidomide
	32.1 months
	Reported mean OS
	30.44**daysx32.1months/28x400mgx12= 167,506.97mg
	485,231.8 USD
	[14]

	Lenalidomide
	23.2 months
	Reported mean OS
	21 timesx30mgx25.22cycles=15,888.6 mg
	1,008,235.58 USD
	[15]

	Pomalidomide
	17.7 months
	13.6*1.3= 17.7
	21 timesx4mgx19.242 cycles=1,616.364 mg
	492,429.7 USD
	[16]

	Daratumumab
	26.13 months
	20.1x1.3= 26.13
	(24.41 cyclesx16mgx70kg)+(16timesx16mgx70kg)=45,259.2 mg
	379,272.1 USD
	[17]

	Isatuximab
	18.9 months
	Reported mean OS
	(20mgx70kgx4)+(20.55-1cyclesx20mgx70kgx2times)=60,340mg
	544,181.12 USD
	[18]








	

Table S2. Cost and Survival Estimates for Combination Therapy Regimens in Multiple Myeloma This table provides cost calculations and overall survival (OS) estimates for selected combination therapy regimens used in the treatment of multiple myeloma. OS values were derived from clinical trials and observational studies using Kaplan–Meier curve integration, 1.3× median OS extrapolation, or directly reported data. Cost estimations were calculated per patient per regimen based on cycle length, administration frequency, dosage, and drug pricing. These values complement the monotherapy data presented in Table S2 and provide a comparative foundation for QALY and ICER calculations outlined in Supplementary Table S5. Detailed assumptions and methodological explanations are included in the Supplementary Methods section.
	Drugs
	OS (month)
	OS Estimation Method*
	Calculation
	Cost
(2025)
	Ref.

	Rd
	57 months

	Kaplan-Meier AUC (Area under the curve)
	Lenalidomide: 21daysx25mgx61.97cycle=32,534.25mg
Dexamethasone: 
4timesx40mgx61.97= 9915.2mg
	 1,239,182,5 USD
	[19]

	VRd
	81.7 months
	62.9x1.3= 81.7
	Bortezomib: 
1.3mgx1.7m2x8cyclex4times=70.72mg
Lenalidomide:
14daysx25mgx8cycle=2,800mg
Dexamethasone:
25mgx8timesx8cycle=1600mg
+ Maintanence:
Lenalidomide: 21daysx25mgx82cycles=43,050mg
Dexamethasone:
4timesx40mgx82cycles=13,120mg
+AlloHSCT
	1,752,474.04 USD
+
1,000,000 USD 
	[20, 21]

	D-VRd
	>66 months 
	No value
	Based on 66-month follow-up:
Lenalidomide: (14daysx6cyclesx25mg)+(21daysx10mgx67.25cycles)=16,222.5
Dexamethasone:
6timesx6cyclex20mg=720mg
Bortezomib:
6cyclesx1.3mgx1.7m2x4times=53.04
Daratumumab:
(3timesx4cyclesx16mgx70kg)+(2cyclesx1timesx16mgx70kg)+(16mgx70kgx44.83remainedcycles)=65,889.6
+AlloHSCT
	1,149,366.39 USD <
+1,000,000 USD 
	[22, 21, 23, 6]

	KRd
	59.5 months
	Reported mean OS
	Carfilzomib:
(1.7m2x20mgx2times)+(1.7m2x4timesx27mg)+(1.7m2x27mgx11cyclesx6times)+(1.7m2x27mgx4timesx6cycles)= 4,382.6mg
Lenalidomide: 
21daysx25mgx64.685cycles=33,959.625mg
Dexamethasone:
40x4x64.685cycles=10,349.6 mg
	1,570,748.37 USD 
	[24, 25]

	D-Rd
	60.4 months
	Kaplan-Meier
	Lenalidomide:
25mgx21daysx65.66cycles= 34,471.5mg
Dexamethasone:
40mgx4timesx65.66cycles= 10,505.6mg
Daratumumab:
(16mgx70kgx2cyclesx4times)+(16mgx70kgx4cyclesx2times)+(16mgx70kgx59.66cyclesx1time)= 84,739.2mg
	1,990,833.13 USD
	[19, 26]

	D-VMP

	82.7 months
	Reported mean OS
	Daratumumab (“Daratumumab use estimated until progression (PFS × 1.3= 23.66 months)):
(8daysx1cyclex16mgx70kg)+(8cyclesx2daysx16mgx70kg)+(12.22cyclex16mgx70kg)= 40,566.4 mg
Bortezomib: 
(1cyclex8x1.3mgx1.7m2)+(8cyclesx4daysx1.3mgx1.7m2)= 88.4mg
Melphalan:
4 daysx9mgx1.7m2x59.94cycles= 3,668.328 mg
Prednisone: 
4x60mgx1.7m2x59.94cycles= 24,455.52 mg
	572,836.525 USD
	[27, 28, 29, 30]

	D-Kd
	66 months
	50.8x1.3=66
	Carfilzomib:
(2daysx20mgx1.7m2)+(4daysx56mgx1.7m2)+(69.751cyclesx56mgx1.7m2)= 7089.1 mg
Dexamethasone: 
4daysx71.751cyclesx40mg= 11,480 mg
Daratumumab:
(8mgx70kgx2cycles)+(6daysx70kgx16mg)+(4cyclesx16mgx70kgx2)+(66.751cyclesx16mgx70kg)=91,561.1mg
	1,181,548.3 USD
	[31]

	Isa-Kd
	66 months ***
	PFS: 35.6 months
	Isatuximab:
(4daysx10mgx70kg)+(2daysx10mgx70kgx49.4543cycles)=72,036 mg
Carfilzomib:
(20mgx1.73m2x2days)+4daysx56mgx1.73m2)+(56mgx1.73m2x6x49.4543)= 29,201mg
Dexamethasone:
20mgx8daysx50.4543cycles=8,072.7mg
	2,858,764.64 USD
	[32,31]

	Isa-Pd
	27.5 months
	Kaplan-Meier
	Isatuximab: 
10mgx70kgx4daysx1cycle=2800 mg
10mgx70kgx2daysx20cycle= 40,600 mg, Total= 43,400 mg
Pomalidomide:
4mgx21daysx30cycles=2,520mg
Dexamethasone:
40mgx4daysx30cycles=4800 mg
	1,159,385.4 USD
	[33]

	Isa-Rd
	60.4 months*
	Reported OS for D-Rd because of data lackness
	Isatuximab:
(10mgx70kgx12cycles)+(10mgx70kgx2days)+(6cyclesx10mgx70kg)+( 40dosex10mgx70kg=42,000 mg
Lenalidomide:
65.66cyclesx21daysx25mg= 34,471.5 mg
Dexamathasone:
12cyclesx4daysx20mg=960mg
	1,716,545.7 USD
	[34, 19,26]

	Isa-VRd
	66 months<*
	Reported OS dor D-VRd, because of data lackness
	 Isatuximab: 
(10mgx70kgx12cycles)+(2daysx10mgx70kg)+(52 cyclesx10mgx70mg)= 50,400 mg
Lenalidomide:
71.75cyclesx21daysx25mg=37,669.5 mg
Bortezomib: 
(1.3mgx1.73m2x3daysx12cycles)+ (6cyclesx1.73m2x1.3mg)+ (54.75cyclesx0.5x1.3mgx1.73m2= 156 mg
Dexamethasone: 
12cyclesx4daysx20mg= 960 mg
	1,888,783 USD
	[34, 22, 21, 23, 6]

	X-Vd
	22.65 months
	Kaplan-Meier
	Selinexor:
28.7cyclesx5daysx100mg= 14,350.3 mg
Bortezomib:
28.7cyclesx1.3mgx1.73m2x5days= 322.73 mg
Dexamethasone:
20mgx10daysx28.7cycles=5,740mg
	1,284,064.42 USD
	[35]

	Teclistamab 
	24 months
	MSx1.3 and Kaplan-Meier
	Teclistamab:
24monthsx4timesx1.86mgx70kg= 12,499.2 mg
	879,439.62 USD
	[36]

	Talquemab
	-
	-
	Talquemab:
0.87mgx70kgx4timesx12month=2923.2 mg
	869,874.16 USD per year
	[37]

	D-Pd
	73.7 months
	53.7x1.3=73.7 
	Daratumumab:
(16mgx70kgx2cyclesx4days)+(16mgx70kgx2daysx4cycles)+(74.133cyclesx16mgx70kg)=100,948.96mg
Pomalidomide:
21daysx4mgx80.133cycles=6,731.1mg
Dexamethasone:
30mgx4daysx80.133cycles=9,615.96 mg
	2,858,764.64 USD
	[38]

	PVd
	46.3 months
	Kaplan-Meier
	Pomalidomide:
14daysx4mgx67.11cycles=3758.16 mg
Bortezomib:
(1.3mgx1.73m2x4daysx8cycles)+ (1.3mgx1.73m2x3daysx61.11cycles)=484.3 mg
Dexamethasone:
(15mgx8daysx8cycles)+(15mgx4daysx61.11cycles)= 4626.6 mg
	1,187,117.36 USD
	[39, 40, 41]

	Elo-Pd
	16 months
	Kaplan-Meier
	Elotuzumab:
(2cyclesx4daysx10mgx70kg) + (20mgx70kgx15.34cycles)= 27,076 mg
Pomalidomide:
21daysx4mgx17.34cycles= 1,456.56 mg
Dexamethasone:
(17.34cyclesx4x28mgOral)+(17.34cyclesx4x8mgIV)= 2,496.96 mg

	664,034.41 USD
	[42]

	Elo-Rd
	49 months
	Kaplan-Meier
	Elotuzumab:
(2cyclesx10mgx70kgx4days)+(50.18cyclesx10mgx70kgx2days)=75,852 mg
Lenalidomide:
25mgx21daysx52.18cycle=27,394.5 mg
Dexamethaasone:
(28mgx4daysx2cycles)+(28mgx2daysx50.18cycles)+(40mgx2daysx50.18cycles)= 7,048.48 mg

	1,660,109.56 USD
	[43, 19, 44]

	Elo-VRd
	56.1 months
	Kaplan-Meier
	Induction
Bortezomib:
8cyclesx1.3mgx1.73m2x4days=71.97 mg
Lenalidomide:
25mgx14daysx8cycle=2,800 mg
Dexamethasone:
20mgx8daysx8cycle=1,280 mg
Elotumumab:
(2cyclesx10mgx70kgx3days)+(6cyclesx10mgx70kgx2days)=12,600 mg
Maintenance
Bortezomib:
3daysx1mgx1.73m2x55cycles=285.45 mg
Lenalidomide:
21daysx15mgx55cycles=17,325 mg
Dexamethasone:
12mgx3daysx55cycles=1,980 mg
Elotuzumab:
10mgx70kgx2daysx55cycles=77,000 mg
	1,525,668.6 USD
	[45]

	Elo-PVd
	32 months

	Kaplan Meier
	Elotumumab:
(10mgx70kgx4times) + (10mgx70kgx2timesx6cycles) +(20mgx70kgx26.79cycles) = 48,706mg
Pomalidomide:
21daysx4mgx34.79cycles=2,922.36mg
Bortezomib:
(8cyclesx3daysx1.3mgx1.73m2)+(26.79cyclesx2daysx1.3mgx1.73m2)=176.5mg
Dexamethasone:
(8weeksx28mg)+(6cyclesx2daysx28mg)+(6cyclesx2daysx40mg)+ (26.79cyclesx4daysx40mg)=5,326.4mg

	1,301,795.13 USD
	[46]

	Kd
	56.7 months
	43.6x1.3= 56.7
	Carfilzomib:
(20mgx1.73m2x2days)+(56mgx1.73m2x4days)+(56mgx6daysx1.73m2x60.62cycles)=35,694 mg
Dexamethasone:
30mgx61.62cyclesx4= 7394.4 mg
	2,258,619.13 USD
	[31]

	DVd
	62 months
PFS:37.7 months
	Kaplan-Meier
	Daratumumab: 
(16mgx70kgx3cycle) + (5cyclex1daysx16mgx1.73m2) + (16mgx70kgx34.985cycles) = 48,143.2mg
Bortezomib:
(4daysx1.3mgx1.73m2x8) =71.968 mg
Dexamethasone:
8cyclex8daysx20mg=1280 mg
	391,367.5 USD
	[47, 48]


    














	
Table S3. Quality-Adjusted Life Years (QALY) Estimates for Monotherapy Regimens This table presents quality-adjusted life year (QALY) estimates and cost-effectiveness data for selected monotherapy regimens in multiple myeloma. QALYs were calculated by multiplying estimated mean overall survival (OS) with utility scores derived from ECOG performance status. Cost-effectiveness was evaluated using incremental cost-effectiveness ratio (ICER) calculations, with all values expressed in USD. These results provide a baseline framework for assessing monotherapy value, distinct from multi-agent regimens discussed in Table S5. Methods are detailed in the Supplementary section.
	Drugs
	Cost (USD)
	OS

	Utility Estimate
	QALY Estimate
	ICER
(USD/ QALY)
	Ref.

	Melphalan
	 31, 758.5 USD
	29.9 months
	0.4 utility
	0.997 QALY
ΔQALY: 0.697
	45,564.56 
	[8,9]

	Bortezomib
	571.490 USD
	40 months
	Reported QALY
	1.49 QALY
ΔQALY: 1.19
	383,550.3
	[10, 13]

	Carfilzomib
	432,168.6 USD
	22.9 months
	0.685 utility
	1.3 QALY
ΔQALY: 1

	432,168.6
	[11,12]

	Lenalidomide
	1,008,235.58
	23.2 months
	0,728 utility
	1.4 QALY
ΔQALY: 1.1
	916,577.8 
	[15,16]

	Pomalidomide
	492,429.7
	17.7 months
	 0.728 utility
	1.0738 QALY
ΔQALY: 0.747
	470,324.45
	[16]

	Daratumumab
	379,272.1
	26.13 months
	0.876 utility
	1.9 QALY
ΔQALY: 1.6
	237,045 
	[17]

	Isatuximab
	544,181.1
	18.9 months
	0.845 utility
	1.33 QALY
ΔQALY: 1.003
	409,158.7
	[18]














Table S4. Quality-Adjusted Life Years (QALY) Estimates for Combination Therapy Regimens This table summarizes quality-adjusted life year (QALY) estimates and cost-effectiveness outcomes for major combination therapy regimens used in the treatment of multiple myeloma. QALYs were derived by multiplying the estimated mean overall survival (OS) by utility values based on ECOG performance status. Incremental cost-effectiveness ratios (ICERs) were calculated to evaluate the economic value of each regimen compared to standard therapies. All cost figures are presented in USD. These data allow for comparative evaluation across combination therapies, highlighting trade-offs between clinical benefit and economic burden. Full methodological details are provided in the Supplementary Methods section.
	Combinations
	Cost (USD)
	OS
(Months)
	Utility Estimate
	QALY
	ICER (USD/ QALY)
	Ref.

	Rd
	1,239,182.5
	57
	0.647
	3.07
ΔQALY: 2.77
	305,518.37
	[19, 49]

	VRd
	2,752,474
	81.7
	0.793
	5.4
ΔQALY: 5.1
	539,700.78
	[20, 21, 7]

	D-VRd
	2,149,366
	66+
	0.7875
	5.356
ΔQALY: 5.056
	424,775
	[21,22,23, 6,7]

	KRd
	1,570,748.4
	59.5
	0.7
	3.47
ΔQALY: 3.17
	495,504.2
	[24, 25]

	D-Rd
	1,990,833.1
	60.4
	0.744
	3.745
ΔQALY: 3.445
	578,730.56
	[19,26]

	D-VMP
	572,836.5
	82.7
	1.002
	6.91
ΔQALY: 6.61
	86.662.1
	[27, 28, 29, 30]

	Kd
	2,258,619.1
	56.7
	0.7737
	3.65
ΔQALY: 3.35
	674,214.66
	[31]

	D-Vd
	391,367.5
	62
	0.724
	3,742
ΔQALY: 3,442
	113,703.5
	[29, 47]

	D-Kd
	1,181,548.3
	66
	0.7878
	4.333
ΔQALY: 4.033
	292,970
	[31]

	D-Pd
	2,858,764.6
	73.7
	0.68
	4.176
ΔQALY: 3.876
	737,555.37
	[38]

	PVd
	1,187,117.4
	46.3
	0.793
	3,06
ΔQALY: 2.76
	430,115
	[39,40,41]

	Elo-Pd
	664,034.4
	16
	0.698
	0.93
ΔQALY: 0.63
	1,054,022.85
	[42]

	Elo-Rd
	1,660,109
	49
	0.698
	2.55
ΔQALY:
2.25
	651,023.13
	[43,44, 19]

	Elo-VRd
	1,525,668
	56.1
	0.7948
	3.716
ΔQALY: 3.416
	446,624.3
	[45,50]

	Elo-PVd	
	1,301,795.1
	32
	0.7948
	2.2
ΔQALY: 1.9
	685,155.33
	[46, 50]

	Isa-Pd
	1,159,385.4
	27.5
	0.763
	1.74
ΔQALY: 1.44
	805,128.75
	[33]

	Isa-Kd
	2,858,764
	66
	0.7878
	4.333
ΔQALY: 4.033
	708,843
	[31,32]

	Isa-Rd
	1,716,545.7
	60.4
	0.8175
	4.114
ΔQALY: 3.814
	450,064
	[7,33]

	Isa-VRd
	1,888,763
	66+
	0.794
	4.367
ΔQALY: 4.067
	464,411.85
	[6, 34, 51, 22, 21,23]

	X-Vd
	905,743.38
	22.65
	0.754
	1.423
ΔQALY: 1.123
	806,539
	[35]

	Teclistamab
	879,439
	24
	0.515
	1.03
ΔQALY: 0.697
	1,261,748.9
	[36,54]

	Abecma (CART)
	600,000
	41.4
	0.348
	1.2 QALY
ΔQALY: 0.9

	666,666.67
	[52,55]

	Cilta-cel
(CART)
	650,000
	45.5
	0.92
	3.49 QALY
ΔQALY: 3.19

	203,761.75
	[53,54]


(R: Lenalidomide, P: Pomalidomide, M:Melphalan, d: Dexamethasone, V: Bortezomib, K: Carfilzomib, D: Daratumumab, Isa: Isatuximab, Elo: Elotuzumab, X:Selinexor, Pr: Prednisone); (QALY: The quality-adjusted life year, ICER: The incremental cost-effectiveness ratio, USD: United States dollar, OS: Overall Survival)
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Supplementary Figure 1. Total cost of monotherapies used in the treatment of multiple myeloma. Therapies are ranked from lowest to highest cumulative cost. Data are presented in USD based on 2025 estimated prices. Lenalidomide represents the highest cost burden among all options.
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Supplementary Figure 2. Total cost of combined therapies used in the treatment of multiple myeloma. Data are presented in USD based on 2025 estimated prices. D-Pd and Isa-Kd represent the highest cost burden among all options.
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Supplementary Figure 3. QALY Outcomes of Monotherapies in Multiple Myeloma. Our analysis shows Melphalan and Teclistamab provide the lowest QALY gain among monotherapies. In contrast, cilta-cel, offered the highest QALY benefit, supporting its potential as a cost-effective option when normalized to utility-adjusted survival.
*Although Teclistamab and melphalan are included in the same cost-effectiveness model, their clinical contexts differ significantly. Teclistamab is utilized in advanced-line settings with refractory disease, while melphalan represents a historic standard for early-line or transplant-ineligible patients. These differences should be considered when interpreting comparative outcomes.
** In the late-line setting, particularly among frail or elderly patients with significant comorbidities, monotherapy is often favored due to its tolerability and lower toxicity profile. Agents such as pomalidomide or subcutaneous daratumumab are frequently used in this context, despite their limited incremental QALY when compared to combination therapies.
*** Despite being administered as a late-line treatment, cilta-cel demonstrated high progression-free survival ratio and overall survival exceeding 3 years, along with the highest QALY among all evaluated monotherapies. Notably, its cumulative cost remained lower than that of many continuously administered combination regimens. These findings reinforce the rationale for exploring earlier use of cilta-cel, particularly in high-risk or biologically aggressive cases where conventional therapies offer limited long-term benefit.
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Supplementary Figure 4. QALY Outcomes of Combination Therapies in Multiple Myeloma
*Among combination regimens, D-VMP demonstrated the highest QALY, suggesting robust efficacy over prolonged periods. Conversely, certain combinations such as Isa-Kd or Elo-Pd yielded lower QALY despite their intensive nature, highlighting the need to balance treatment complexity with measurable benefit. Notably, Cilta-cel and Ide-cel, although monotherapies, provided higher QALY than several combination regimens.
**It should be acknowledged that the high QALY outcomes observed in regimens such as D-VMP, VRd, and D-VRd may partially reflect the favorable baseline characteristics of transplant-eligible patients with newly diagnosed multiple myeloma (NDMM). These regimens are often used in conjunction with autologous stem cell transplantation (ASCT), contributing significantly to the observed long-term survival and quality-of-life benefits.
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Supplementary Figure 5. Monotherapies: A Cost-Effectiveness Perspective (ICER)
*The remarkably low ICER observed for melphalan reflects its extremely low cost in the current market, rather than its historical clinical impact or therapeutic efficacy. Once a groundbreaking cytotoxic agent, melphalan has become symbolically affordable due to its long-standing generic status and limited modern-day use. This paradox highlights the role of time and pharmaceutical economics in shaping cost-effectiveness interpretations.
** The exceptionally low ICER observed for melphalan reflects its present-day affordability rather than its clinical efficacy or historical context. Initially developed as a derivative of nitrogen mustard compounds used in chemical warfare, melphalan was once considered a major therapeutic advancement in hematologic malignancies. However, over decades of generic availability and decreased usage, its cost has dramatically declined. This paradox exemplifies how older therapies, despite limited modern clinical utility, may appear disproportionately cost-effective when assessed through contemporary economic lenses.
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Supplementary Figure 6. Combined Therapies: A Cost-Effectiveness Perspective (ICER)
*Lower ICERs in early-line regimens may reflect both therapeutic efficacy and baseline patient fitness, though transplant-related complications may diminish long-term benefit in later lines.
**The lower ICER values seen in early-line regimens such as D-VRd or VRd may be influenced not only by drug efficacy but also by patient-related factors, including transplant eligibility and treatment-naïve status. While autologous stem cell transplantation (ASCT) improves short-term outcomes, it may inadvertently limit the long-term benefit of subsequent lines of therapy due to transplant-related toxicities, graft failure, or progressive frailty.










Supplementary Methods
1. Study Design and Stratification
Treatment regimens were categorized based on transplant eligibility, which served as a primary stratification criterion. Within each transplant category (eligible/ineligible), further stratification was performed according to risk groups (standard, intermediate, high-risk). Treatment combinations were selected based on clinical relevance to each subgroup and availability of data regarding survival outcomes.
2. Overall Survival (OS) Estimation
Mean overall survival (OS) data were derived using two primary methods:
· Kaplan-Meier Curve Digitization: When Kaplan-Meier survival curves were available, they were digitized using the WebPlotDigitizer tool (version 4.5). The area under the survival curve (AUC) was calculated using the trapezoidal rule to estimate mean OS in months.
· Median-to-Mean Conversion: In studies where Kaplan-Meier curves or mean OS were not reported, median OS was multiplied by a correction factor of 1.3, based on standard health economics modeling practices [57,58]. Monthly values were converted to years using the average month length of 30.44 days (365.25 ÷ 12).
3. Utility Mapping and QALY Estimation
Utility values were assigned based on ECOG performance status, acknowledging the absence of empirically validated mappings for multiple myeloma. Informed by previous literature and functional equivalence of ECOG and Karnofsky scales, the following approximations were used:
	ECOG Score
	Utility Value

	0
	0.9

	1
	0.7

	2
	0.5

	3
	0.3

	4
	0.1

	5
	0.0



QALYs were calculated using the formula:
 [image: ]
For the historical baseline, the first reported multiple myeloma case by Dr. Samuel Solly (1844) was assumed to have an OS of 12 months and a health status equivalent to ECOG 3, yielding a reference QALY of 0.3.
4. Cost Estimation
Cost per treatment regimen was calculated by projecting the total duration of drug administration across the estimated survival period:
· Drug dosing was based on a standardized body surface area (BSA) of 1.73 m² and body weight of 70 kg.
· For transplant-eligible regimens, an additional $1,000,000 was added to reflect the cost of autologous stem cell transplantation (ASCT).
· If the clinical study reported a specific endpoint (e.g., progression or response), treatment duration was adjusted accordingly.
· Cost per patient per regimen was calculated in USD and included medication, administration, and supportive care costs when available.
5. ΔQALY and ICER Calculation
[image: ]
In cases where utility or OS data were not directly available, estimates were derived based on drugs of the same class or comparable regimens.
6. Conceptual Framework: The “See-Saw Model”
We propose the See-Saw Model as a simplified conceptual and visual tool to represent the total therapeutic burden of treatment strategies in multiple myeloma. This model aggregates ICER values across treatment lines within a subgroup and compares them against QALY gains. As ICER values increase disproportionately (i.e., the see-saw becomes unbalanced), this may indicate either excessive cost or insufficient quality-of-life benefit.
While USD and QALY were used in this study, the See-Saw Model is intended to be methodologically flexible adaptable to other currencies, utility scales, and disease settings. Development of a web-based application based on this model is currently under consideration.
7. ICER, QALY Calculations and Details
Mean overall survival (OS) data were obtained from all referenced studies. OS values were either directly extracted as reported or calculated when necessary. In studies presenting Kaplan–Meier survival curves, the area under the curve was estimated using integral approximation methods. When Kaplan–Meier data were not available, survival was estimated using a predictive multiplier of 1.3. Treatment costs were calculated based on the mean OS data. Estimated costs and drug prices obtained from Drugs.com are presented in Table S2 and Table S3. Pricing was standardized according to market data available in May 2025. It should be noted that drug prices may vary between countries and are subject to local institutional policies and pricing regulations. Details of QALY and cost calculations are provided below. Post-treatment ECOG scores, as directly reported in the studies, were used to estimate utility values. (Nevertheless, the calculated estimates and potential hypothetical deviations do not compromise the integrity of our hypothesis. For example, patients oftenly recruited at ECOG 0–1 and gradually shifted to ECOG 2 or 3, suggesting a decline in functional capacity despite progression-free status. This paradox, survival without vitality, reflects the overlooked burden of therapy. This burden is not captured by PFS or OS metrics alone, and justifies the inclusion of patient-centered outcomes in cost-effectiveness evaluations.)
Sensivity Analysis: When ECOG (≥3) and values ​​are not given explicitly, we interpreted it as negligible since ecog 5 utility coefficient is 0 and ecog 4 is 0.1. For other values, the average coefficient will be used. That’s why we preferred to choose this path to calculate [177-179]:
Study X: ECOG 0 (progressed disease or death /all events: 8/100)  92x0.9
ECOG1 65/200  135x0.7
Total utility: (135x0.7+92x0.9)/(135+92)
Study Y: ECOG 0  26/100

ECOG 1 ≤ 74/100; (26x0.9+74x0.6)/100
Melphalan: Karnofsky data were converted to ECOG. The QALY value of Melphalan was calculated by multiplying the utility coefficient obtained from the ECOG value with the life years.
ECOG: (43x0.8+25x0.5+15x0.1)/83=0.4 utility; 29.9/12x0.4=0.997QALY; ΔQALY=0.697
Cost:31,758.5 USD; ICER: 45,564.562 
Bortezomib: Reported QALY value by Matsela et al., 2022 =1.49 QALY; ΔQALY=1.19
Cost:571,490 USD; ICER: 383,550.3 
Carfilzomib: (69.6x0.5+94.1x0.6)/(94.1+69.6)=0.685 utility; 22.9/12x0.685=1.3 QALY; ΔQALY= 1
Cost: 432,168.6 USD; ICER: 432,168.6 
Lenalidomide: Since the ECOG value is given as 0-1, the multiplication coefficient is taken as 0.8 (0.9-0.7), for ECOG values ​​of 2 and above, 0.4 was adopted (0.5-0.3) = (0.8x82+0.4x18)/100 = 0.728 utility; 23.2/12x0.728= 1.4 QALY; ΔQALY= 1.1 
Cost: 1,008,235.58 USD; ICER: 916,577.8 
Pomalidomide: Although ECOG data was obtained before the study, Lenalidomide data were obtained because there was no ECOG data after the study. 0.728 utility; 17.7/12x0.728=1.0738 ΔQALY= 0.738
Cost:492,429.7 USD; ICER: 667,248.916 
Daratumumab: ((165-53)x0.9+(29-14)x0.7)/127= 0.876 utility; 26.13/12x0.876= 1.9 QALY ΔQALY= 1.6
Cost: 379,272.1 USD; ICER: 237,045 
Isatuximab: (0.48x0.9+0.54x0.7+0.5x0.07) =0.845 utility; 18.9/12x0.845= 1.33 QALY; ΔQALY= 1.03 
Cost: 544,181.1 USD; ICER: 528,331.16 
Lenalidomide/Dexamethasone (Rd): (335x0.8+139x0.5+ 0.2x32)/531= 0.647 utility; 57/12x0.647= 3.07 QALY; ΔQALY= 2.773
Cost: 1,239,182.5 USD; ICER: 446,874.32 
Bortezomib/Lenalidomide/Dexamethasone (VRd): (160x0.9+88x0.6)/248=0.793 utility; 81.7/12x0.793= 5.4 QALY; ΔQALY= 5.1
Cost: 2,752,474 USD; ICER: 539,700.78 (Bone marrow transplantation costs are included in the costs, it should not be ignored that bone marrow transplantation is a directly effective parameter in QALY and treatment success)
Daratumumab/BortezomibLenalidomide/Dexamethasone (D-VRd): (195x0.9+ 117x0.6)/312= 0.7875 utility; 81.7/12x0.7875= 5.356 QALY; ΔQALY= 5.06
Cost: 2,149,366 USD; ICER: 424,775.89 
Carfilzomib/Lenalidomide/Dexamethasone (KRd): 100x 0.7/100= 0.7 utility; 59.5/12x0.7= 3.47 QALY; ΔQALY= 3.17 
Cost:1,570,748.37 USD; ICER: 495,504.2 
Daratumumab/Lenalidomide/Dexamethasone (D-Rd): (201x0.8+34x0.5+3x0.2)= 0.744 utility; 60.4/12x0.744= 3.745 QALY; ΔQALY= 3.44 
Cost: 1,990,833.13 USD; ICER: 578,730.56 
Daratumumab/Bortezomib/Melphalan/Prednisone (D-VMP): Reported QALY used = 6.91 QALY; ΔQALY= 6.61; (6.91=utilityx82.7/12 ; 1.002 utility).
Cost: 572,836.525 USD; ICER: 86,662.1 QALY 
Carfilzomib/Dexamethasone (Kd): (73x0.8+7x0.5)/0= 0.7737 utility; 56.7/12x0.7737=3.65 QALY; ΔQALY: 3.35
Cost: 2,258,619.13 USD; ICER: 674,214.66 
Daratumumab/Bortezomib/Dexamethasone (D-Vd): ((106-77)x0.9+(144-103)x0.6)/70= 0.724 utility; 62/12x0.724=3.742 QALY; ΔQALY: 3.442 
Cost:391,367.5 USD; ICER: 113,703.5 
Daratumumab/Carfilzomib/Dexamethasone (D-Kd): (142x0.8+6x0.5)/148=0.7878 utility; 66/12x0.7878= 4.333QALY; ΔQALY: 4.033
Cost: 1,181,548.3; ICER: 292,970 
Daratumumab/Pomalidomide/Dexamethasone (D-Pd): ((44-19) x 0.8+0.6x (68-31))/62=0.68utility; 73.7/12x0.68= 4.176 QALY; ΔQALY: 3.876  
Cost: 2,858,764.64 USD; ICER: 737,555.37 
Pomalidomide/ Bortezomib/ Dexamethasone (PVd): “In the absence of validated utility scores from the MAIA trial, we adopted a model-based approach and assigned a utility value of 0.793 for VRd, derived from ECOG performance status and clinical outcome projections in our cohort. This value aligns with utility ranges reported for functionally preserved patient populations undergoing standard induction regimens.” 
46.3/12x0.793= 3.06 QALY; ΔQALY: 2.76
Cost: 1,187,117.4; ICER: 430,115 
Elotuzumab/Pomalidomide/Dexamethasone (Elo-Pd): Weisel et al., 2023 reported utility value as 0.698 for Elo-Pd. 16/12x0.698= 0.93 QALY; ΔQALY: 0.63
Cost: 664,034.4 USD; ICER: 1,054,022.85 
Elotuzumab/ Lenalidomide/Dexamethasone (Elo-Rd): Because of lackness of utility value, we adopted Elo-Pd value.
Utility is 0.698; 49/12x0.698= 2.85 QALY; ΔQALY: 2.55
Cost:1,660,109 USD; ICER: 651,023.13 
Elotuzumab/Bortezomib/Lenalidomide/Dexamethasone (Elo-VRd): (0.8X 38+ 0.6x1)/39 = 0.7948 utility; 56.1/12x 0.7948= 3.716 QALY; ΔQALY: 3.416 
Cost: 1,525,668.6 USD; ICER: 446,624.3 
Elotuzumab/Pomalidomide/ Bortezomib/Dexamethasone (Elo-PVd): Due to lack of data, Elo-VRd data were used. Utility: 0.7948; 32/12x0.7948= 2.2 QALY; ΔQALY: 1.9
Cost: 1,301,795.13 USD; ICER: 685,155.33 
Isatuximab/Carfilzomib/Dexamethasone (Isa-Kd): Due to the lack of mature health utility data for Isa-Kd and regimen at the time of analysis, utility scores for Daratumumab-based equivalent (D-Kd) were used as proxy values. This approximation was based on the structural and clinical similarity of monoclonal antibody-containing regimens and supported by the absence of significant adverse event divergence between Isa- and Dara-based protocols in comparable trials.
0.7878 utility; 66/12x0.7878= 4.333 QALY; ΔQALY: 4.033
Cost: 2,858,764 USD; ICER: 708,843 
Isatuximab/Pomalidomide/Dexamethasone (Isa-Pd): (93x0.8+13x0.5)/106=0.763utility; 27.5/12x0.763=1.74 QALY; ΔQALY: 1.44 
Cost:1,159,385.4 USD; ICER: 805,128.75 
Isatuximab/Lenalidomide/Dexamethasone (Isa-Rd): Utility ve Ecog verilerine erişilemediği için D-Rd verileri kullanıldı. Utility: 0.7458 utility; 60.4/12x0.7458= 3.7538 QALY; ΔQALY= 3.4538
Cost: 1,716,545.7 USD; ICER: 497,002  
Due to the lack of mature health utility data for Isa-Rd and regimen at the time of analysis, utility score for Daratumumab-based equivalent (D-Rd) were used as proxy values. This approximation was based on the structural and clinical similarity of monoclonal antibody-containing regimens and supported by the absence of significant adverse event divergence between Isa- and Dara-based protocols in comparable trials.

Isatuximab/Bortezomib/Lenalidomide/Dexamethasone (Isa-VRd): 0.8x0.985=0.788+0.4x0.015= 0.794 utility; 4.367 QALY; ΔQALY= 4.067
Cost: 1,888,763 USD; ICER: 464,411.85 
Teclistamab: Reported QALY :1.03 ΔQALY: 0,697; 24/12xutility= 1.03 0.515utility
Cost: 879,439 USD; ICER: 1,261,748.92 
Ciltacel: Reported QALY used: 3.49 QALY Cost: 650,000 ICER: 203,761.75 
Although ECOG scores were available at pre-treatment timepoints (CAR-T evaluation and lymphodepletion), they do not reflect post-treatment performance. Therefore, model-based utility and QALY values were derived from published cost-effectiveness data, which incorporated both clinical outcomes and patient-reported quality of life. 
Abecma: Reported QALY used.
QALY: 1.2 Cost: 600,000 USD ICER: 666,666,67 
Supplementary Conclusion
Across the reviewed clinical trials, a recurring limitation is the absence of longitudinal patient-centered data, including follow-up ECOG performance scores, post-treatment quality-of-life assessments, and detailed adverse event trajectories. While baseline measures are consistently reported as part of eligibility criteria, post-intervention assessments arguably more critical in determining real-world therapeutic value are either sparsely presented or omitted entirely. This inconsistency hampers comprehensive cost-effectiveness modeling and undermines the ethical imperative to assess treatment beyond clinical endpoints. We emphasize the need for transparent, structured, and patient-focused reporting frameworks in all future trials evaluating therapies with high financial and functional burdens.
Contrary to common perception, the highest cost burden in our analysis was not associated with CAR-T or bispecific therapies, but rather with multi-agent combinations such as DPd and Isa-Kd. These regimens, while not curative, require prolonged administration of high-cost agents, contributing to a cumulative financial impact exceeding that of one-time cellular therapies.
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