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Cost-effectiveness of adding daratumumab or 
bortezomib to lenalidomide plus dexamethasone 
for newly diagnosed multiple myeloma
Nihal Narsipur, PharmD; Sabrina Bulla, BA; Connie Yoo, BA; Brenda Do, BS; Kyle Tran, BS; Dian Gu, PhD;  
Lixian Zhong, PhD; and Leslie Wilson, PhD

ABSTRACT
BACKGROUND: Multiple myeloma survival 
rates are steadily increasing due to availabil-
ity of new drug classes used in combination 
with corticosteroids and chemotherapy. 
The latest treatments are daratumumab or 
bortezomib in combination therapy with 

lenalidomide and dexamethasone (Rd). 
Daratumumab, a CD38-targeted, human 
IgG1k monoclonal antibody, and bortezomib, 
a proteasome inhibitor, are both approved as 
regimens for transplant-ineligible relapsed/
refractory multiple myeloma (RRMM). There 
have been cost-effectiveness analyses 
for daratumumab and bortezomib use in 

RRMM, but there are limited data regard-
ing cost-effectiveness for daratumumab or 
bortezomib use in newly diagnosed multiple 
myeloma patients who are ineligible for stem 
cell transplantation. 

OBJECTIVE: To compare the cost-effectiveness  
of 3 separate regimens—(1) daratumumab, 

What is already known  
about this subject

•	 Daratumumab added to lenalidomide 
and dexamethasone significantly 
improves progression-free survival for 
newly diagnosed multiple myeloma 
patients compared with lenalidomide 
and dexamethasone alone. 

•	 The National Comprehensive Cancer 
Network recommends triple therapy 
regimens of bortezomib added to 
lenalidomide and dexamethasone, 
triple therapy of daratumumab, 
lenalidomide, and dexamethasone, 
or dual therapy lenalidomide 
and dexamethasone as preferred 
treatment options for the treatment 
of newly diagnosed multiple myeloma 
patients ineligible for autologous 
stem cell transplantation.

•	 From previous cost-effectiveness 
studies, the triple therapy regimen of 
daratumumab added to lenalidomide 
and dexamethasone has not 
been shown to be cost-effective 
compared with lenalidomide and 
dexamethasone in patients with 
relapsed, refractory multiple 
myeloma.

What this study adds

•	 This study evaluates the cost-
effectiveness of both daratumumab 
and bortezomib in combination with 
lenalidomide and dexamethasone 
for the treatment of newly diagnosed 
multiple myeloma patients ineligible for 
autologous stem cell transplantation. 

•	 This study compares the 3 treatment 
regimens recommended by the National 
Comprehensive Cancer Network 
guidelines for newly diagnosed multiple 
myeloma patients ineligible for  
stem cell transplantation. 

•	 The direct comparison between 
multiple regimens provides essential 
guidance to payers, clinicians, and 
formulary decision makers, regarding 
which regimen is most cost-effective.
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Multiple myeloma is a hematologic malignancy that is char-
acterized by the proliferation of malignant plasma cells in 
the bone marrow and accounts for approximately 13% of 
hematologic cancers.1,2 In the United States, there were an 
estimated 32,270 new cases of multiple myeloma and 12,830 
deaths related to multiple myeloma in 2020.3 Within the 
past decade, there has been a 35% decline in mortality, but 
treatment costs for multiple myeloma have increased by 

26%.4 Despite recent advances in the treatment of multiple 
myeloma, it remains largely incurable with a 5-year survival 
rate of only 52.2%.5

Based on the National Comprehensive Cancer Network 
Multiple Myeloma Guidelines, preferred treatment for 
multiple myeloma patients is high-dose chemotherapy fol-
lowed by 2 autologous stem cell transplantations (ASCT).6,7 

However, more than half of patients with newly diagnosed 
multiple myeloma (NDMM) are deemed ineligible for ASCT 
because of common comorbidities and complications of 
multiple myeloma.8 Standard-risk patients with NDMM 
ineligible for ASCT are generally recommended for treat-
ment initiation of a 2-drug regimen of lenalidomide and 
dexamethasone (Rd).9 

However, a triple therapy with bortezomib (V) or 
daratumumab (D), combined with the lenalidomide and 
dexamethasone (Rd) backbone (VRd and DRd, respectively) 
can now also be considered for patients with NDMM, who 
are ineligible for ASCT, with category 1 recommendations 
(grade based on high-level evidence).9 In 2010, VRd was 
shown to be an effective treatment for patients with NDMM 
compared with Rd.10 In 2018, 2 separate landmark clinical 
trials demonstrated the effectiveness of daratumumab 
therapy added to bortezomib, melphalan, and prednisone 
and daratumumab therapy added to Rd in patients with 
NDMM.11-13

Currently, there is no head-to-head clinical trial and 
no cost-effectiveness analysis across all the newly recom-
mended treatment regimens for patients with NDMM.14 Our 
study goal was to determine if DRd is cost-effective com-
pared with guideline-recommended treatments, VRd and 
Rd in patients with NDMM ineligible for ASCT, by combining 
data from the 2 available trials that compare VRd with Rd 
and DRd with Rd in this sample.9,14 This study will help to 
understand the comparative value of these treatments in 
order to provide information that can guide treatment deci-
sions by health care providers for this patient population.

Methods
STUDY POPULATION
Our Markov model analysis is based on two phase 3 ran-
domized, open-label trials, MAIA and SWOG S0777, both of 
which contained a study population of patients with NDMM 
ineligible for ASCT. The MAIA and SWOG S0777 trials had 
no planned differences in the inclusion and exclusion cri-
teria across studies. However, there are slight differences 
in demographics between the final study populations in the 
MAIA (DRd vs Rd comparison) and SWOG S0777 (VRd vs Rd 
comparison) trials. The MAIA trial had more ISS stage II and 

lenalidomide, and dexamethasone triple therapy (DRd); (2) bortezo-
mib and lenalidomide plus dexamethasone triple therapy (VRd); and 
(3) lenalidomide plus dexamethasone (Rd)—in patients with multiple 
myeloma ineligible for autologous stem cell transplant.

METHODS: A 2-state Markov model was developed using a US health 
system perspective and lifetime time horizon. Transition probabilities 
were calculated from the latest progression-free survival data 
reported in two phase 3 randomized controlled trials—MAIA and 
SWOG S0777—and extrapolated using a Weibull distribution based 
on the Hoyle Henley method. National data sources were used 
to obtain costs in 2019 US dollars, discounted by 3%. Health state 
utilities from available literature were applied to each health state. 
Utility decrements for adverse events were individualized in each 
choice branch with utility decrement weighted by the percentage of 
patients who experienced the adverse event in the MAIA and SWOG 
S0777 trials. We assumed a treatment would be cost-effective at a 
willingness to pay (WTP) of $150,000 per progression-free quality-
adjusted life-year ($/PFQALY). One-way and probabilistic sensitivity 
analyses were conducted. 

RESULTS: Rd standard therapy had the lowest overall cost at 
$329,867, followed by VRd at $385,434 and DRd with the highest 
overall total cost at $626,900. Rd was estimated to result in the 
least amount (1.24) of PFQALYs, followed by VRd at 1.35 PFQALYs 
and DRd at 1.52 PFQALYs. With a WTP threshold of $150,000 per 
PFQALY, VRd was not cost-effective compared with Rd standard 
therapy, with an incremental cost-effectiveness ratio (ICER) of 
$530,256 per PFQALY. DRd was not cost-effective compared with VRd 
(ICER = $1,396,318 per PFQALY), nor as compared with Rd standard 
therapy (ICER = $1060,832). One-way sensitivity analysis showed 
that our model was sensitive to cost of DRd, VRd, and Rd drugs. 
Probabilistic sensitivity analysis showed that only at a WTP threshold 
of $550,000 was VRd cost-effective for 40% of iterations. There were 
no reasonable WTP thresholds, up to $800,00, where DRd became 
more cost-effective than VRd.

CONCLUSIONS: This study is the first analysis to directly compare the 
cost-effectiveness of 3 acceptable chemotherapy treatment regimens 
for patients with multiple myeloma ineligible for autologous stem 
cell transplant. Neither DRd nor VRd triple therapy were found to be 
cost-effective vs Rd. Further cost-effectiveness analyses that include 
overall survival data for daratumumab and bortezomib triple thera-
pies are needed to demonstrate an ICER in QALYs.



1693Cost-effectiveness of adding daratumumab or bortezomib to lenalidomide  
plus dexamethasone for newly diagnosed multiple myeloma

Vol. 27, No. 12 | December 2021 | JMCP.org

Cost-effectiveness was assessed at a willingness-to-
pay (WTP) threshold of $150,000, using the World Health 
Organization’s recommendation to set the WTP threshold 
at 3 times the per capital annual income of a country 
(approximately $50,000 in the United States).19 Although 
this recommendation is for QALYs rather than PFQALYs, 
there is no recommendation yet for a WTP for PFQALYs. 
However, estimates of the probability of new cancer drug 
comparisons remaining significantly positive when moving 
from PF survival (PFS) outcomes to overall survival (OS) 
outcomes is over 60%. In addition, when moving from PFS 
to OS, we expected the survival difference among treat-
ment and control drugs to narrow, whereas cost differences 
would remain similar. Given these 2 expectations, the WTP 
level should remain the same for PFS as OS, or even be 
more generous. Therefore, we used the standard WTP in 
this study. 

We conducted a 1-way sensitivity analysis on key costs 
and utilities to examine their effects on our model out-
comes (Table 1). Probabilistic sensitivity analysis (PSA) 
using a Monte Carlo simulation with 10,000 iterations was 
conducted to obtain a cost-effectiveness acceptability 
curve. We also looked at PF life-years (PFLY) saved over the 
lifetime horizon (Supplementary Table 3, available in online 
article). 

TRANSITION PROBABILITIES
To calculate transition probabilities, the PFS Kaplan-Meier 
(KM) curves for the treatment and active control arms in the 
MAIA and SWOG S0777 trials were extracted using a graphi-
cal digitizer (Engauge Digitizer, version 12; Mark Mitchell, 
Baurzhan Muftakhidinov and Tobias Winchen et al). The 
spreadsheet developed by Martin Hoyle and William Henley 
was used to estimate individual patient data from the KM 
curves.20 The estimated individual data points were then 
used to generate the scale and shape parameters for the 
most suitable model of 4 options: log-logistic, Weibull, log-
normal, and logistic. The most suitable model for each PFS 
curve was chosen based on the lowest Bayesian information 
criterion and Akaike information criterion. 

The modeled PFS curves were adjusted to account for 
the different trial lengths and rates of censoring in the 
MAIA and SWOG S0777 trials, by averaging the scale and 
shape parameters of the common comparator (Figure 1). 
The adjusted Rd survival curve scale parameter (0.0197) was 
derived by averaging the original scale parameters from 
the MAIA and SWOG S077 trials. The adjusted Rd survival 
curve shape parameter (1.0465) was derived by averaging 
the original shape parameters from the MAIA and SWOG 
S0777 trials.13,15 

fewer ISS stage III patients. The median age in the SWOG 
S077 and MAIA trials was 63 and 73 years, respectively, giv-
ing the average age of entry for patients into the Markov 
model of 68 years.13,15

The study population in the MAIA trial was randomized 
to receive either DRd, the triple therapy arm, or Rd, the 
standard of care arm. Patients in the DRd arm received 
28-day cycles of intravenous daratumumab 16 mg/kg once 
weekly for cycles 1 and 2, every 2 weeks for cycles 3 through 
6, and every 4 weeks thereafter; lenalidomide 25 mg for 
21 days; and dexamethasone 40 mg for 4 days, in addition to 
pre-infusion and post-infusion medications.13 

The study population in the SWOG S077 trial was ran-
domized to receive either 21-day cycles of VRd, the triple 
therapy arm, or 28-day cycles of Rd, the standard of care 
arm. Patients in the VRd arm received intravenous bortezo-
mib 1.3 mg/m2 4 times per cycle; oral lenalidomide 25 mg 
for 14 days; and oral dexamethasone 20 mg for 8  days, in 
addition to herpes simplex virus prophylaxis and oral aspi-
rin 325 mg to reduce the risk of thromboembolic events.15 

Both studies had a common comparative arm receiv-
ing Rd therapy consisting of oral lenalidomide 25 mg for 
21 days and oral dexamethasone 40 mg for 4 days per 
cycle (Supplementary Table 1, available in online article). 
However, patients in the Rd arm of the SWOG S077 addi-
tionally received 325 mg oral aspirin once a day.13

MARKOV MODEL
We developed a 2-state Markov model with 3 choice branches 
at the decision node—DRd, VRd, or Rd—using TreeAge Pro 
2020 (TreeAge Software). The patient populations, treat-
ment, and dosing regimens included in the model reflect the 
protocol used in the MAIA and SWOG S077 trials and from 
the products package inserts.16,17 A cycle of 28 days was used 
in the model, since Rd-based treatments are administered 
in 28-day cycles. The 21-day cycle of the VRd regimen was 
converted to a 28-day cycle by multiplying the values going 
into the model by 1.33 (28 days over 21 days) to account for 
the 7 fewer days in the cycle.

All patients began in the progression-free (PF) health 
state and either stayed in PF or transitioned to the pro-
gressed or dead health state (Supplementary Figure 1, 
available in online article).4,15,18 A half-cycle correction was 
implemented to correct for overestimations. We deter-
mined the incremental cost-effectiveness ratio (ICER) of 
the 3 comparisons using the formula ICER = change in cost/
change in effect. Our main outcome was PF quality-adjusted 
life-years (PFQALY) saved over the lifetime horizon. Our 
model took a health system perspective and costs were in 
US dollars. 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21228-1634232916.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21228-1634232916.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21228-1634232916.pdf
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than 10% in the MAIA and SWOG S077 
trials. The length of treatment for 
AEs was derived mainly from previ-
ous cost-effectiveness studies with 
similar side effects and treatment 
guidelines (Table 1). The main AEs 
were lymphopenia and sensory neu-
ropathy for VRd and neutropenia for 
Rd. Utilization and costs for grade 3 
or 4 AE management included the use 
of drugs to treat side effects, labora-
tory tests to diagnose and monitor 
the AEs, hospitalization, outpatient 
visits, and physician fees (Table 1) and 
were based on treatment guidelines, 
literature, and expert opinion. 

Current Procedural Terminology 
codes for laboratory tests and outpa-
tient visits were used to identify costs 
to Medicare from the 2019 University 
of Pittsburgh Medical Center Lab 
Fee Schedule and American Medical 
Association’s Resource-Based 
Relative Value Scale Data Manager 
and discounted 3% annually.23 Hos-
pitalization visits for all grade 3 or 
4 AEs were determined to be high 
severity. The mean cost of hospitaliza-
tion and mean length of stay were 
determined using the Healthcare 
Utilization and Cost Project (HCUP) 
and International Classification of 
Diseases, Tenth Revision, Clinical 
Modification codes for each AE.24 The 
cost was then adjusted for inflation 
using the Consumer Price Index.25 
Hospitalizations were followed by 
outpatient visits at every 2 weeks. 

In addition, we included a one-time 
progression cost that included sup-
portive care for all the patients that 
moved to the progression or dead 
branch. Best supportive care included 
tests for diagnosis of progression, pal-
liative pain treatment using radiation 
therapy, and bisphosphonate therapy 
(Table 1).9,26 

Health state utilities based on the 
EuroQol-5 Dimensions Questionnaire 
were derived from publicly available 

applied to reflect contract pricing and 
to be consistent with estimates for 
Medicare reimbursement.21 All costs 
and health outcomes were discounted 
3% annually.22 Drug treatment pro-
tocols were taken from MAIA for the 
DRd regimen and from SWOG S0777 
for the VRd regimen. Any weight-
based costs were calculated based on 
the number of vials needed to dose a 
standard patient with a weight of 70 kg 
and body surface area of 1.7m2. Drug 
costs per cycle were calculated as the 
sum of drug therapies, pre-infusion 
medications, and necessary prophy-
laxis medications (Table 1).

We used the adverse event (AE) 
data from the MAIA and SWOG S0777 
trials, which reported grade 3 or 4 
AEs.13,15 The AEs for the Rd arm were 
derived from AEs in the Rd groups that 
occurred with a frequency greater 

The adjusted scale and shape 
parameters of the DRd and VRd 
survival curves were derived by mul-
tiplying the original parameters by a 
conversion ratio. The conversion ratio 
was the adjusted Rd parameter divided 
by the original Rd parameter from 
its respective trial (Supplementary 
Table  2, available in online article). 
These distributions were then used 
to extend the PFS curves to lifetime 
curves and used to calculate transi-
tion probabilities for each monthly 
cycle of the Markov model.

COSTS AND UTILITIES 
All costs were updated to 2019 US dol-
lars using the medical care component 
of the Consumer Price Index. Average 
wholesale price (AWP) drug costs in 
2019 US dollars were taken from RED 
BOOK (IBM), with a 16% discount 
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FIGURE 1 Adjusted and Unadjusted PFS Curves for DRd, VRd, and Rd 

DRd = daratumumab/lenalidomide/dexamethasone; ICER = incremental cost-effectiveness ratio; 
PFS = progression-free survival; Rd = lenalidomide/dexamethasone; VRd = bortezomib/lenalidomide/
dexamethasone.

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21228-1634232916.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21228-1634232916.pdf
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were averaged across studies for the base-case estimates 
(Table 1). These utilities were varied in the PSA. 

Disutilities for each treatment arm were found by multi-
plying the disutility of an AE by the proportion of patients 
reporting the AE and summing them based on the respective 
AE for each treatment arm. The health state utility for the 3 
treatment arms were subtracted by the disutility of the AE 

literature. The baseline PF utility and all patients within 
the PF state in the model were assumed to have a utility of 
0.81 based on a previous cost-effectiveness analysis (CEA) 
of therapies for patients with NDMM ineligible for ASCT.14 

Disease progression utility of 0.701 was derived from aver-
aged progression utilities of past CEA literature for each 
treatment.14,27 These utilities ranged from 0.27 to 0.73 and 

Parameter Base case

Rangea

SourceLow value High value

Drug costs (γ distribution), $ 

DRd triple therapy (cycle 1-6)  62,223   46,667   77,779

23-24,  
RED BOOK

DRd triple therapy (cycle 7 or more)  22,352   16,764   27,941

Rd doublet therapy  16,191   12,143   20,239

VRd triple therapy  17,243   12,932   21,554

VRd triple therapy HSV prophylaxis  612   459   765

Cost of managing AEs (γ distribution), $ 

Anemia for DRd  1,061   796   1,326

16, 19,  
HCUP, UPMC Lab Fee 
Schedule, AMA RBRVS 

Data Manager

Neutropenia for DRd   9,248   6,936   11,560

Lymphopenia for DRd   1,388   1,041   1,735

Nonhematologic AEs for DRd   3,066   2,299   3,832

Anemia for Rd   1,605   1,204   2,006

Neutropenia for Rd   5,206   3,905   6,508

Lymphopenia for Rd   1,591   1,193   1,989

Nonhematologic AEs for Rd   6,324   4,743   7,905

Anemia for VRd   1,169   877   1,461

Neutropenia for VRd   3,514   2,635   4,393

Lymphopenia for VRd   2,114   1,586   2,643

Nonhematologic for VRd   4,207   3,155   5,259

Cost of progression (γ distribution), $   30,481   22,861   38,101 12, 25

Cost of supportive care (γ distribution), $   2,199   1,650   2,749 12, 25

Utilities and AE disutilitiesb (ß distribution)

Baseline alive with no progression for DRd, Rd, or VRd  0.81 0.61 1.01

18, 26-31

Progressed or dead for DRd, Rd, or VRd  0.701 0.53 0.88

Disutility for DRd AEs  0.12 0.09 0.15

Disutility for Rd AEs  0.07 0.05 0.09

Disutility for VRd AEs  0.09 0.07 0.11
a±25% of baseline was used to calculate low and high values for sensitivity analysis.
bCalculated by multiplying the expected disutility for each AE by the proportion of participants who reported grade 3 or 4 AEs and then summing all of the 
respective AEs for each treatment group.
AE = adverse event; AMA RBRVS = American Medical Association’s Resource-Based Relative Value Scale; DRd = daratumumab/lenalidomide/dexamethasone; 
HCUP = Healthcare Utilization and Cost Project; HSV = herpes simplex virus; Rd = lenalidomide/dexamethasone; UPMC = University of Pittsburgh Medical Center; 
VRd = bortezomib/lenalidomide/dexamethasone. 

Model Input Parameters Including Base Case, Ranges for Sensitivity Analysis, and Distributions for 
Probabilistic Sensitivity Analysis 

TABLE 1
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most sensitive variables, and they 
accounted for more than 83% of the 
variability of the cost-effectiveness 
model. Reducing the cost per cycle of 
DRd, increasing the cost per cycle of 
VRd, and increasing the utility of PFS 
decreased the ICER of DRd. We found 
that the cost of DRd triple therapy 
was the most sensitive in the model, 
accounting for 41% of the variability of 
the cost-effectiveness result, followed 
by the cost of VRd triple therapy, 
which accounted for 29%. 

When the overall cost per cycle 
of daratumumab triple therapy was 
decreased by 20% from the base-case 
cost of $22,352 to $17,882, there was 
approximately a 55% decrease in its 
ICER, from $1,396,318 per PFQALY to 
$767,619 per PFQALY, but this is still 
not cost-effective at a $150,000 WTP 
threshold. In order for DRd to be 
cost-effective at a WTP threshold of 
$150,000, the overall cost per cycle 
of daratumumab triple therapy would 
need to be discounted to $11,851, a 53% 
total discount from the base-case cost 
of $22,352 compared with Rd alone. 
In contrast, VRd triple therapy would 
be cost-effective compared with Rd 
alone, at a WTP of $150,000 when the 
overall cost of therapy is reduced to 
$15,373, an 11% discount from base-
case cost. 

We also performed a PSA (Figure 3). 
The acceptability curve from this 
analysis confirmed our findings that 
neither VRd nor DRd triple therapies 
were cost-effective options compared 
with Rd. At a WTP of $150,000, only 
Rd was cost-effective for the major-
ity, 65% of all iterations. Although, 
as WTP thresholds increased during 
the sensitivity analysis, the probability 
that both DRd and VRd triple therapy 
became more cost-effective relative to 
Rd increased, VRd was not cost-effec-
tive compared with Rd until a WTP 
threshold of $550,000 was reached. At 
this increased threshold, VRd became 
more cost-effective than Rd for 40% 

cost-effective treatment choice. 
However, DRd triple therapy and VRd 
triple therapy were more effective 
than Rd therapy in reducing progres-
sion or death for patients with NDMM 
ineligible for ASCT. VRd triple therapy 
was not cost-effective compared with 
Rd therapy, with an ICER of $530,256 
per PFQALY. In addition, DRd triple 
therapy was not cost-effective when 
compared with VRd triple therapy, 
with an ICER of $1,396,318, nor was 
it cost-effective compared with Rd 
standard therapy (ICER = $1,060,832 
per PFQALYs). These were not cost-
effective choices over Rd, when 
compared against a WTP threshold of 
$150,000 per PFQALY.

SENSITIVITY ANALYSIS
One-way sensitivity and threshold 
analysis were conducted on all costs, 
utilities, and disutilities included in our 
model, in order to determine which 
parameters were the most sensitive in 
our base-case model (Figure 2). When 
comparing DRd to VRd treatment 
choices, the overall drug cost per cycle 
for DRd, the overall drug cost per cycle 
of VRd, and the utility of PFS were the 

experienced by the patients receiving 
those treatments. Each disutility was 
weighted based on the percentage 
of patients who had each AE in the 
MAIA and SWOG S0777 trials. The 
percentage of each AE in the Rd group 
was derived from averaging the AE 
prevalence in both trials (Table 1).14,27-32

Results 
COST-EFFECTIVENESS ANALYSIS
In the base-case analysis, the total 
treatment costs of Rd standard ther-
apy had the lowest overall cost at 
$329,867, followed by the VRd triple 
therapy arm at $385,434 and DRd tri-
ple therapy with the highest overall 
total cost at $626,900 (Table 2). The 
cost of DRd triple therapy was nearly 
90% higher than Rd standard therapy 
and almost 62% more expensive than 
VRd triple therapy. However, Rd had 
the least (1.24) PFQALYs, and DRd had 
the most (1.52) PFQALYs. VRd had 1.35 
PFQALYs, which was more than Rd but 
less than DRd.

Our model demonstrated that 
Rd standard therapy is the most 

Total cost  
($)

Incremental 
cost  
($)

Effectiveness 
(PFQALY)

Incremental 
effectiveness 

ICERa  
($/PFQALY)

Rd standard therapy 329,867 – 1.24 – –

VRd triple therapy 385,434 55,567 1.35 0.10 530,256b

DRd triple therapy 626,900 241,466 1.52 0.17 1,396,318b

DRd triple therapy 626,900 297,033 1.52 0.28 1,060,832c

aICERs cannot be replicated based on disaggregated results due to rounding.
bCompared with the next lowest cost alternative.
cCompared with the lowest cost alternative.
DRd = daratumumab/lenalidomide/dexamethasone; ICER = incremental cost-effectiveness ratio; 
PFQALY = progression-free quality-adjusted life-year; Rd = lenalidomide/dexamethasone;  
VRd = bortezomib/lenalidomide/dexamethasone. 

Summary of Cost-Effectiveness of Lenalidomide 
and Dexamethasone Double Therapy; Bortezomib, 
Lenalidomide, and Dexamethasone Triple Therapy;  
and Daratumumab, Lenalidomide, and Dexamethasone 
Triple Therapy 

TABLE 2
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per PFLY, respectively, but remained above the $150,000 
WTP threshold.

Discussion 
Our study is the first to date to compare 3 clinically relevant 
treatments for patients with NDMM ineligible for ASCT, 
showing that neither DRd nor VRd is cost-effective compared 
with standard therapy, Rd, and that VRd is more cost-effec-
tive than DRd. Rd is a viable treatment regimen based on 
National Comprehensive Cancer Network guidelines, and it 

of iterations. DRd was not cost-effective compared with 
Rd until a WTP threshold of $750,000 was reached. At this 
threshold, DRd became more cost-effective than Rd for 
25% of iterations, while VRd, was still more cost-effective 
than DRd. There were no reasonable WTP thresholds, up to 
$800,00, where DRd became more cost-effective than VRd.

In our PFLY analysis, the total treatment costs for the 3 
groups remained the same (Supplementary Table 3, avail-
able in online article). The PFLY saved for DRd triple therapy 
was longest (2.03 years), whereas for Rd standard therapy 
PFLY saved was shortest (1.62 years). The overall ICERs for 
DRd and VRd decreased to $963,815 per PFLY and $360,673 

FIGURE 2 Tornado Diagrams for 1-Way Sensitivity Analysis
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In our analysis, we found an ICER for DRd vs VRd of 
$1,396,318 per PFQALY and vs Rd of $530,256 per PFQALY. 
These results are similar to previous CEA findings that 
looked at DRd vs Rd in patients with relapsed/refractory 
multiple myeloma (RRMM). Patients who progressed to 
RRMM were similar to patients with NDMM ineligible for 
ASCT because the traditional regimen for both is Rd. In 
RRMM, the ICER was $1,369,062 per QALY for DRd vs Rd. 
In addition, DRd was found not to be cost-effective under 
any discount level.14 Another CEA looking at DRd vs Rd for 
second-line therapy in RRMM found an ICER of $187,728 
per QALY.37 DRd as second-line therapy had a lower ICER 
due to spending less time in the PF health state, therefore, 
spending less time on treatment. However, even when DRd 
was prescribed as second-line therapy for RRMM, the ICER 
did not meet the $150,000 WTP threshold. 

In order to elucidate the effects of the high cost of drugs, 
1-way sensitivity analyses are recommended to provide 
additional cost-effectiveness information. The cost of DRd 
triple therapy followed by the cost of VRd triple therapy had 
the most impact on the overall ICER when comparing DRd 
with VRd (Figure 2). This is understandable considering that 
the cost of 1 cycle of DRd and VRd after loading is $22,352.68 
and $17,243.13, respectively (Table 1). In addition, the 3.5 mg 
vial size for bortezomib is higher than the average dose 

is the therapy shown to be the most cost-effective choice.9 
The high-cost of daratumumab and bortezomib had the 
most contribution to the lack of cost-effectiveness com-
pared with our other treatment alternatives.33 

Our results were based on PFQALY rather than QALY, 
because of the availability of only PFS data for these drugs. 
Current WTP estimates are based on OS rather than PFS. 
Therefore, once OS data becomes available across all stud-
ied treatments, our model can be restructured to calculate 
QALYs and allow for comparison with WTP thresholds 
commonly cited across diseases. 

Currently, there is no accepted recommendation for WTP 
estimates for PF CEA outcomes. However, for nonsmall-cell 
lung cancer, 1 study showed that access granted to drugs 
with PFS benefit between 3 and 3.5 months were robustly 
beneficial across all model parameters, whereas access for 
drugs with any PFS benefit was usually not beneficial.34 

Therefore, given that the average PFS length is 4.9 months 
and 14.9 months in nonsmall-cell lung cancer and multiple 
myeloma, respectively, we would expect the CEA relative 
comparison to remain largely unchanged due to the PFS 
benefit being 3.4 months and 1.3 months for DRd and VRd, 
respectively.35,36 Nevertheless, we recommend conducting 
an additional CEA when OS data becomes available. 

C. ICER ($/PFQALY) - DRd vs VRd
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FIGURE 2 Tornado Diagrams for 1-Way Sensitivity Analysis (continued)

DRd = daratumumab/lenalidomide/dexamethasone; EV = expected value; ICER = incremental cost-effectiveness ratio; PFQALY = progression-free quality-adjusted 
life-year; Rd = lenalidomide/dexamethasone; VRd = bortezomib/lenalidomide/dexamethasone.
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of $750,000 per PFQALY and $550,000 per PFQALY was 
reached (Figure  3). Both analyses confirm that the prob-
ability of DRd or VRd being cost-effective compared with Rd 
at a WTP threshold of $150,000 per PFQALY was very low.

This CEA analysis can play a role in the decision-making 
process of clinicians when determining the most cost-
effective choice for patients with NDMM ineligible for 
ASCT. However, formulary considerations and channels of 
distribution for each product also heavily influence treat-
ment choices. Although the addition of daratumumab or 
bortezomib to Rd may be recommended by the National 
Comprehensive Cancer Network for “non-frail” patients 
with NDMM ineligible for ASCT, the results of our CEA 

prescribed, leading to 36.9% of the dose being wasted for a 
person with a body surface area of 1.7m2.38 This amount of 
wastage was included in our model and was a factor leading 
to the high ICER for VRd. 

Our acceptability curve (Figure 3) was generated by 
varying drug costs, costs of AE management, costs of 
progression, costs of supportive care, utilities of health 
states, and AE disutilities. Previous acceptability curves for 
DRd vs Rd in RRMM showed that after the WTP increased to 
$1,500,000 per QALY, DRd had a greater than 50% probabil-
ity of being cost-effective compared with the Rd regimen.14 
This is similar to our findings that DRd and VRd were not 
cost-effective compared with Rd until a WTP threshold 
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DRd = daratumumab/lenalidomide/dexamethasone; ICER = incremental cost-effectiveness ratio; PFQALY = progression-free quality-adjusted life-year; 
Rd = lenalidomide/dexamethasone; VRd = bortezomib/lenalidomide/dexamethasone.
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