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■■  Corrections
Cost-effectiveness of Drugs to Treat Relapsed/Refractory Multiple Myeloma in the United States. 
Carlson JJ, Guzauskas GF, Chapman RH, Synnott PG, Liu S, Russo ET, Pearson SD, Brouwer ED, and Ollendorf DA. J Manag Care 
Spec Pharm. 2018;24(1):29-38.

The authors would like to make the following corrections to the above article:
Page 31, Table 1: The progression-free survival hazard ratio estimate for PAN+BOR+DEX versus LEN+DEX was corrected. 
Corrections are shown in bold below:

Page 31, Table 1: Estimated drug costs were updated. Corrections are shown in bold below:

Page 33, Table 2: Comparative estimates in the Third Line section have been changed for PAN+BOR+DEX, as shown in bold 
below:
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Survival Hazard Ratios Base Case Lower Upper PSA Distribution Source

Second-line PFS hazard ratios vs. LEN-DEX
CFZ-LEN-DEX 0.69 0.53 0.91 LogNormal Network meta-analysis
ELO-LEN-DEX 0.70 0.56 1.00 LogNormal Network meta-analysis
IX-LEN-DEX 0.74 0.65 1.19 LogNormal Network meta-analysis
DAR-LEN-DEXa 0.37 0.27 0.52 LogNormal Network meta-analysis
DAR-BOR-DEXa 0.39 0.28 0.53 LogNormal Network meta-analysis

Third-line PFS hazard ratios vs. LEN-DEX
BOR-DEX 0.93 0.58 2.04 LogNormal Network meta-analysis
CFZ-LEN-DEX 0.69 0.54 0.87 LogNormal Network meta-analysis
ELO-LEN-DEX 0.70 0.49 0.87 LogNormal Network meta-analysis
IX-LEN-DEX 0.74 0.40 0.84 LogNormal Network meta-analysis
PAN-BOR-DEX 0.59 0.31 1.10 LogNormal Network meta-analysis
DAR-LEN-DEXa 0.37 0.27 0.52 LogNormal Network meta-analysis
DAR-BOR-DEXa 0.39 0.28 0.53 LogNormal Network meta-analysis

Hazard ratio for OS vs. PFS 0.41 0.31 0.58 LogNormal 24

Quality of Life Base Case Lower Upper PSA Distribution Source

Second-line health state utilities
Progression-free, on treatment 0.82 0.78 0.88 Beta Data on fileb

Progression-free, off treatment 0.84 0.82 0.97 Beta Data on fileb

Progressed disease 0.65 0.62 0.74 Beta Data on fileb

Third-line health state utilities
Progression-free, on treatment 0.65 0.52 0.78 Beta 25

Progression-free, off treatment 0.72 0.58 0.86 Beta 37

Progressed disease 0.61 0.49 0.73 Beta 25

Adverse event disutility 0.08 0.07 0.08 Beta 25

Costs Base Case Lower Upper PSA Distribution Source

Drug acquisition and administration costs,c $
Bortezomib 3.5 mg vial 1,503.00 1,202.40 1,803.60 Normal RED BOOK
Bortezomib administration 111.42 89.14 133.70 Normal CPT 96409
Carfilzomib 60 mg vial 1,971.50 1,577.20 2,365.80 Normal RED BOOK
Carfilzomib administration 209.24 167.39 251.09 Normal CPT 96360, 96361, 96413
Dexamethasone per mg 0.32 0.26 0.39 Normal RED BOOK
Elotuzumab 300 mg vial 1,776.00 1,420.80 2,131.20 Normal RED BOOK
Elotuzumab 400 mg vial 2,368.00 1,894.40 2,841.60 Normal RED BOOK
Elotuzumab administration 227.87 182.30 273.44 Normal CPT 96413, 96415, 96417
Ixazomib capsule 3,006.00 2,404.80 3,607.20 Normal RED BOOK
Lenalidomide capsule 552.98 442.38 663.58 Normal RED BOOK
Panobinostat capsule 1,222.22 977.78 1,466.67 Normal RED BOOK
Daratumumab 400 mg vial 1,850.40 1,480.32 2,220.48 Normal RED BOOK
Daratumumab 100 mg vial 462.60 370.08 555.12 Normal RED BOOK
Daratumumab administration 399.83 319.86 479.80 Normal CPT 96413, 96415, 96417

Health State Cost per Week Progression-Free AE Prophylaxis, $ Progressed Disease Treatment, $
LEN-DEX 22.00 427.45
CFZ-LEN-DEX 104.73 367.30
ELO-LEN-DEX 85.37 369.26
IX-LEN-DEX 85.26 377.05
PAN-BOR-DEX 39.16 337.41
DAR-LEN-DEX 49.45 273.54
DAR-BOR-DEX 90.71 283.94

aDAR hazard ratios were assessed for a general population and were assumed to be equivalent in second- and third-line settings.
bAmgen. Data provided in response to ICER data request. QOL/Utility Data from ASPIRE Cost Effectiveness Model. February 22, 2016.
cCosts assessed March 2016.
BOR = bortezomib; CFZ = carfilzomib; CPT = Current Procedural Terminology; DAR = daratumumab; DEX = dexamethasone; ELO = elotuzumab; IX = ixazomib; 
LEN = lenalidomide; OS = overall survival; PAN = panobinostat; PFS = progression-free survival; PSA = probabilistic sensitivity analysis. 

TABLE 1 Key Model Parameters
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Survival Hazard Ratios Base Case Lower Upper PSA Distribution Source

Second-line PFS hazard ratios vs. LEN-DEX
CFZ-LEN-DEX 0.69 0.53 0.91 LogNormal Network meta-analysis
ELO-LEN-DEX 0.70 0.56 1.00 LogNormal Network meta-analysis
IX-LEN-DEX 0.74 0.65 1.19 LogNormal Network meta-analysis
DAR-LEN-DEXa 0.37 0.27 0.52 LogNormal Network meta-analysis
DAR-BOR-DEXa 0.39 0.28 0.53 LogNormal Network meta-analysis

Third-line PFS hazard ratios vs. LEN-DEX
BOR-DEX 0.93 0.58 2.04 LogNormal Network meta-analysis
CFZ-LEN-DEX 0.69 0.54 0.87 LogNormal Network meta-analysis
ELO-LEN-DEX 0.70 0.49 0.87 LogNormal Network meta-analysis
IX-LEN-DEX 0.74 0.40 0.84 LogNormal Network meta-analysis
PAN-BOR-DEX 0.59 0.31 1.10 LogNormal Network meta-analysis
DAR-LEN-DEXa 0.37 0.27 0.52 LogNormal Network meta-analysis
DAR-BOR-DEXa 0.39 0.28 0.53 LogNormal Network meta-analysis

Hazard ratio for OS vs. PFS 0.41 0.31 0.58 LogNormal 24

Quality of Life Base Case Lower Upper PSA Distribution Source

Second-line health state utilities
Progression-free, on treatment 0.82 0.78 0.88 Beta Data on fileb

Progression-free, off treatment 0.84 0.82 0.97 Beta Data on fileb

Progressed disease 0.65 0.62 0.74 Beta Data on fileb

Third-line health state utilities
Progression-free, on treatment 0.65 0.52 0.78 Beta 25

Progression-free, off treatment 0.72 0.58 0.86 Beta 37

Progressed disease 0.61 0.49 0.73 Beta 25

Adverse event disutility 0.08 0.07 0.08 Beta 25

Costs Base Case Lower Upper PSA Distribution Source

Drug acquisition and administration costs,c $
Bortezomib 3.5 mg vial 1,503.00 1,202.40 1,803.60 Normal RED BOOK
Bortezomib administration 111.42 89.14 133.70 Normal CPT 96409
Carfilzomib 60 mg vial 1,971.50 1,577.20 2,365.80 Normal RED BOOK
Carfilzomib administration 209.24 167.39 251.09 Normal CPT 96360, 96361, 96413
Dexamethasone per mg 0.32 0.26 0.39 Normal RED BOOK
Elotuzumab 300 mg vial 1,776.00 1,420.80 2,131.20 Normal RED BOOK
Elotuzumab 400 mg vial 2,368.00 1,894.40 2,841.60 Normal RED BOOK
Elotuzumab administration 227.87 182.30 273.44 Normal CPT 96413, 96415, 96417
Ixazomib capsule 3,006.00 2,404.80 3,607.20 Normal RED BOOK
Lenalidomide capsule 552.98 442.38 663.58 Normal RED BOOK
Panobinostat capsule 1,222.22 977.78 1,466.67 Normal RED BOOK
Daratumumab 400 mg vial 1,850.40 1,480.32 2,220.48 Normal RED BOOK
Daratumumab 100 mg vial 462.60 370.08 555.12 Normal RED BOOK
Daratumumab administration 399.83 319.86 479.80 Normal CPT 96413, 96415, 96417

Health State Cost per Week Progression-Free AE Prophylaxis, $ Progressed Disease Treatment, $
LEN-DEX 22.00 427.45
CFZ-LEN-DEX 104.73 367.30
ELO-LEN-DEX 85.37 369.26
IX-LEN-DEX 85.26 377.05
PAN-BOR-DEX 39.16 337.41
DAR-LEN-DEX 49.45 273.54
DAR-BOR-DEX 90.71 283.94

aDAR hazard ratios were assessed for a general population and were assumed to be equivalent in second- and third-line settings.
bAmgen. Data provided in response to ICER data request. QOL/Utility Data from ASPIRE Cost Effectiveness Model. February 22, 2016.
cCosts assessed March 2016.
BOR = bortezomib; CFZ = carfilzomib; CPT = Current Procedural Terminology; DAR = daratumumab; DEX = dexamethasone; ELO = elotuzumab; IX = ixazomib; 
LEN = lenalidomide; OS = overall survival; PAN = panobinostat; PFS = progression-free survival; PSA = probabilistic sensitivity analysis. 

TABLE 1 Key Model Parameters
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Sensitivity Analyses
One-way sensitivity analyses used 95% CIs from clinical evi-
dence when available and plausible values from the published 
literature when absent. We also conducted a probabilistic sensi-
tivity analysis by jointly varying all model parameters over 4,000 
simulations, then calculating 95% credible range estimates for 
each model outcome. The following distributions were applied to 
model variables: hazard ratios (log-normal distribution), utility 
values (beta distribution), proportions of AEs (beta distribution), 
costs of drugs (normal distribution), costs of AEs (normal distri-
bution), monthly cost of progression (normal distribution), and 
administration costs (normal distribution). 

We ran 4 scenario analyses: (1) using an unadjusted esti-
mate of the relationship of median PFS to median OS based on 
a weighted average from the trials in our analysis that report 
both outcomes (3.27-month increase in OS for each additional 
month of median PFS); (2) using BOR+DEX as the baseline 
comparator; (3) adjusting the second- and third-line baseline 
curves to reflect more recent LEN+DEX regimen curves using 
the relationship between the ASPIRE trial LEN+DEX data and 
the MM-009/MM-010 pooled LEN+DEX data6,7; and (4) using 
different second-line utility estimates for triplet (0.83, 0.85, 
and 0.66 for PFS on treatment, PFS off treatment, and progres-
sion, respectively) versus doublet regimens (0.81, 0.83, 0.4, 
respectively) derived from the ASPIRE trial data (triplet regi-
mens include 3 drugs [e.g., CFZ+LEN+DEX]; doublet regimens 
include 2 drugs [e.g., LEN+DEX].7,8,18

■■  Results
Network Meta-analysis
Results of the NMA are included in Table 1. Trial populations 
were similar with respect to age, ECOG performance status, ISS 
stage, receipt of previouis stem cell transplant, and number and 
distribution of previous regimens. (Appendix A). Definitions of 
disease risk varied, but the percentage of patients with high-
risk disease ranged from 13%-32% across studies reporting 

this element. All of the regimens had favorable hazard ratios 
compared with LEN+DEX; ELO+LEN+DEX and IX+LEN+DEX 
had the greatest uncertainty. Results for PAN+BOR+DEX in 
the third-line setting should be interpreted with great caution 
because of censoring issues and high rates of toxicity-related 
discontinuation in the overall and third-line subgroup popula-
tions of the PANORAMA-1 study.14 PAN+BOR+DEX is also only 
1 of 2 regimens without direct comparative evidence versus 
LEN+DEX; therefore, greater reliance on the study network and 
its assumptions regarding minimal heterogeneity across study 
populations and constant hazards over time was required. 
While censoring was factored into our analytic approach, the 
relative treatment effect of PAN+BOR+DEX versus LEN+DEX 
had much greater uncertainty than the other comparisons.

Cost-effectiveness
The results for the aggregate discounted clinical and economic 
outcomes by line and regimen are provided in Tables 2 and 3. 
In the second line, total QALYs ranged from a low of 2.59 for 
LEN+DEX to a high of 5.44 for DAR+LEN+DEX. Total life years 
ranged from 3.53 for LEN+DEX to 7.38 for DAR+LEN+DEX. 
Total costs ranged from $189,357 for BOR+DEX to $845,527 
for DAR+LEN+DEX. In the third line, results followed a simi-
lar pattern, with total QALYs ranging from a low of 2.04 for 
LEN+DEX to a high of 4.38 for DAR+LEN+DEX. Total life years 
ranged from 3.25 for LEN+DEX to 6.97 for DAR+LEN+DEX. 
Total costs ranged from $175,315 for BOR+DEX to $789,202 
for DAR+LEN+DEX. 

Table 2 shows the comparative results using a league table 
approach, which listed interventions from lowest to highest 
QALYs and then calculated an incremental cost-effectiveness 
ratio (ICER) for each intervention compared with the next 
best option. Interventions that were dominated were removed 
from the calculations, and a new ICER was computed versus 
the next best comparator. Table 2 shows that in the second 
line, BOR+DEX dominates LEN+DEX; DAR+BOR+DEX has an 
ICER of $50,704 versus BOR+DEX; and DAR+LEN+DEX has 

Regimen Second Line Third Line (All Comparators) Third Line (PAN-BOR-DEX Omitted)

 Total Cost, $ QALYs ICER Total Cost, $ QALYs ICER Total Cost, $ QALYs ICER

LEN-DEX 309,997 2.59 Dominated 281,754 2.04 Dominated 281,754 2.04 Dominated
BOR-DEX 189,357 2.74 Dominant 175,315 2.16 Dominant 175,315 2.16 Dominant
IX-LEN-DEX 622,378 3.27 Dominated 566,512 2.60 Dominated 566,512 2.60 Dominated
ELO-LEN-DEX 665,728 3.41 Dominated 608,651 2.71 Dominated 608,651 2.71 Dominated
CFZ-LEN-DEX 492,872 3.45 Dominated 459,868 2.74 Dominated 459,868 2.74 Dominated
PAN-BOR-DEX 190,876 3.23 14,598
DAR-BOR-DEX 447,182 5.29 50,704 423,119 4.38 248,762 423,119 4.38 60,359
DAR-LEN-DEX 845,527 5.44 2,707,547 789,202 4.38 Equal outcomes, 

higher cost vs. 
DAR-BOR-DEX

789,202 4.38 Equal outcomes, 
higher cost vs. 
DAR-BOR-DEX

BOR = bortezomib; CFZ = carfilzomib; DAR = daratumumab; DEX = dexamethasone; ELO = elotuzumab; ICER = incremental cost-effectiveness ratio; IX = ixazomib; 
LEN = lenalidomide; OS = overall survival; PAN = panobinostat; PFS = progression-free survival; QALY = quality-adjusted life-year.

TABLE 2 Comparative Outcomes
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Corrections

Page 34, Table 3: In the Third Line section, comparative estimates have been changed for PAN+BOR+DEX, as shown in bold 
below:

Page 35, Figure 1: Third Line graph was updated to reflect a new cost-effectiveness acceptability curve, as shown below: 

Page 36, Table 4: Changes were made to drug cost thresholds for PAN+BOR+DEX in the Third Line section, as shown below in 
bold:
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previously, results for PAN+BOR+DEX should be interpreted 
with caution because of population censoring and reliance on 
indirect treatment comparisons in the NMA. In both settings, 
incremental costs were driven primarily by increased drug 
costs rather than progression, supportive care, or AE costs.

Sensitivity Analyses
In each one-way analysis (not shown), results were by far most 
sensitive to the PFS hazard ratios for each intervention versus 
LEN+DEX, followed by the estimated link between PFS and 
OS (2.45 months of OS for each month of PFS, per Felix et al., 
201324), drug costs, dosage intensity, and health state utilities.6 

Probabilistic sensitivity analysis showed variability in model 
outcomes (Figure 1). In the second-line setting among the new 
agents, DAR+BOR+DEX had an 87% probability of being cost-
effective at $150,000 per QALY, while all other agents had a 
0% probability of being cost-effective at that threshold. In the 
third-line setting, PAN+BOR+DEX had an 87% probability 
of being cost-effective at $150,000 per QALY; however, this 
probability declined with increasing willingness to pay for the 
better survival outcomes of DAR+BOR+DEX. No other new 

an ICER of $2,707,547 versus DAR+BOR+DEX. In the third 
line, BOR+DEX dominates LEN+DEX; PAN+BOR+DEX has 
an ICER of $14,124 versus BOR+DEX; DAR+BOR+DEX has 
an ICER of $248,762; and DAR+BOR+DEX is cost minimizing 
versus DAR+LEN+DEX. If we remove PAN+BOR+DEX because 
of the challenges mentioned in the Network Meta-analysis sec-
tion (including high levels of treatment discontinuation in the 
PANORAMA-1 trial and lack of direct comparative evidence 
to LEN+DEX, among others), DAR+BOR+DEX has an ICER of 
$60,359 versus BOR+DEX. 

The results of the pairwise analyses can be found in Table 3.  
ICERS for new second-line regimens versus LEN+DEX were 
estimated to be $51,000 per QALY for DAR+BOR+DEX, fol-
lowed by DAR+LEN+DEX ($188,000) and CFZ+LEN+DEX 
($211,000), with greater than $400,000 per QALY for 
ELO+LEN+DEX and IX+LEN+DEX. In the third line, ICERs 
for new regimens versus LEN+DEX were estimated to range 
from dominant for PAN+BOR+DEX to $60,000 per QALY 
for DAR+BOR+DEX, followed by DAR+LEN+DEX ($216,000), 
CFZ+LEN+DEX ($253,000), and approximately $500,000 
per QALY for ELO+LEN+DEX and IX+LEN+DEX. As noted  

Second Line LEN-DEX BOR-DEX CFZ-LEN-DEX ELO-LEN-DEX IX- LEN-DEX DAR- LEN-DEX DAR- BOR-DEX

Total costs, $ 309,997 189,357 492,872 665,728 622,378 845,527 447,182
Drug acquisition 264,898 133,774 432,799 596,124 571,390 762,407 368,096
Supportive care 528 1,608 1,882 2,607 2,491 4,947 2,515
Administration – 8,226 8,377 14,698 – 23,981 22,960
Progression 40,221 41,167 45,358 45,143 44,330 50,723 51,003
Adverse event 4,351 4,583 4,457 7,156 4,166 3,469 2,607

Total QALYs 2.59 2.74 3.45 3.41 3.27 5.44 5.29
PFS 1.41 1.50 1.91 1.89 1.81 3.13 3.05
Progression 1.17 1.24 1.54 1.52 1.46 2.31 2.24

Total life-years 3.53 3.73 4.71 4.66 4.46 7.38 7.11
PFS 1.73 1.83 2.34 2.31 2.21 3.82 3.67
Progression 1.80 1.91 2.37 2.34 2.25 3.55 3.44

ICER vs. LEN-DEX – -792,583 211,458 430,009 454,684 187,728 50,704

Third Line LEN-DEX BOR-DEX CFZ-LEN-DEX ELO-LEN-DEX IX- LEN-DEX PAN-BOR-DEX DAR-LEN-DEX DAR-BOR-DEX

Total costs, $ 281,754 175,315 459,868 608,651 566,512 190,876 789,202 423,119
Drug acquisition 237,670 121,751 401,201 541,632 516,793 131,500 707,051 344,684
Supportive care 473 1,441 1,779 2,364 2,255 411 4,579 2,403
Administration 7,365 8,113 13,394 – 3,095 22,394 21,412
Progression 39,261 40,175 44,318 44,105 43,298 46,744 51,708 52,014
Adverse event 4,351 4,583 4,457 7,156 4,166 9,127 3,469 2,607

Total QALYs 2.04 2.16 2.74 2.71 2.60 3.23 4.38 4.38
PFS 1.00 1.07 1.37 1.36 1.30 1.69 2.28 2.35
Progression 1.03 1.09 1.37 1.36 1.30 1.54 2.10 2.03

Total life-years (OS) 3.25 3.44 4.37 4.32 4.14 4.93 6.97 6.71
PFS 1.55 1.64 2.12 2.09 2.00 2.41 3.52 3.38
Progression 1.70 1.79 2.25 2.23 2.14 2.52 3.44 3.33

ICER vs. LEN-DEX – -853,800 252,293 484,168 508,021 Dominant 216,360 60,359

BOR = bortezomib; CFZ = carfilzomib; DAR = daratumumab; DEX = dexamethasone; ELO = elotuzumab; ICER = incremental cost-effectiveness ratio; IX = ixazomib; 
LEN = lenalidomide; OS = overall survival; PAN = panobinostat; PFS = progression-free survival; QALY = quality-adjusted life-year.

TABLE 3 Results per Regimen
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line) and PAN-BOR-DEX (third line), although the analysis for 
PAN+BOR+DEX was reserved to the third line and had data 
challenges that limited our willingness to make strong conclu-
sions about its value. If we remove PAN+BOR+DEX from the 
third-line analysis, DAR-BOR-DEX becomes the most cost-
effective. The LEN+DEX-based regimens with the best ICERs 
were DAR+LEN+DEX and CFZ+LEN+DEX, although neither 
regimen fell below the $150,000 per QALY threshold due, in 
part, to the high cost of LEN and the longer duration of therapy 
because of increased PFS compared with doublet regimens. 

The analyses reported here reveal that important advances 
in the treatment of relapsed and/or refractory MM have been 
made over the past decade, which have expanded treatment 
options and improved patient outcomes. However, only a few 
regimens have done so in a cost-effective manner. 

Our findings highlight a few key implications for stakehold-
ers facing treatment, recommendation, or coverage and reim-
bursement decisions related to relapsed and/or refractory MM. 
First, there are cost-effective options for patients in this setting. 
DAR, the agent with the highest estimated life expectancy and 
QALY outcomes, demonstrated good value when used in com-
bination with BOR-DEX in the second- and third-line settings. 
Depending on the clinical situation and patient and provider 
preferences, this regimen may be preferred over other regimens. 
Second, new agents combined with BOR uniformly had better 
ICERs relative to the same new agents in combination with LEN. 
This is primarily a function of the drug cost for BOR and LEN, 
respectively. The cost per month for BOR is about half as much 
as that for LEN. Couple this with the treat-to-progression dosing 
schedules, and the BOR-based regimens were uniformly more 
cost-effective compared with the LEN-based regimens.

agents were cost-effective at a cost-effectiveness acceptability 
threshold of $150,000 per QALY.

We performed several scenario analyses (data not shown). 
The resulting ICERs varied but no regimens were found to 
have ICERs below $150,000 per QALY that were not already 
estimated to be so in the primary analysis. 

Finally, we performed a threshold analysis to estimate the 
unit price coincident with commonly used cost-effectiveness 
thresholds, by holding all other parameters constant (includ-
ing BOR, LEN, and DEX costs) and identifying the threshold 
price for each novel agent that made the overall regimen  
cost-effective at different willingness-to-pay thresholds. We 
also implemented this analysis with the probabilistic sensitiv-
ity analysis to calculate 95% credible range estimates for each 
threshold price. Table 4 demonstrates that most agents, in 
combination regimens, would require substantial discounts to 
meet the highest cost-effectiveness threshold of $150,000 per 
QALY, and some would not even be cost-effective at a price of 
$0, given the existing cost of the other drugs in the regimen.

■■  Discussion
We evaluated 8 drugs in 8 regimens for 2 relapsed and/or 
refractory MM populations, second and third lines. All the 
regimens evaluated were estimated to increase time in the 
progression-free health state and overall survival versus the 
standard regimens of LEN+DEX and BOR+DEX, but at sub-
stantial additional cost compared with these doublet regimens. 
As such, the value for most of these regimens, according to 
commonly used thresholds for cost-effectiveness, would be 
considered questionable. A few regimens were estimated to be 
in the cost-effective range, including DAR-BOR-DEX (second 

FIGURE 1 Cost-effectiveness Acceptability Curves
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Importantly, incremental drug costs included additional 
costs of the new drug as well as extended use of LEN+DEX or 
BOR-DEX because of improved PFS for the entire regimen. For 
example, the total treatment cost of LEN in the preprogres-
sion state when given as part of the CFZ+LEN+DEX regimen is 
$260,392 versus $239,745 when given as part of the LEN+DEX 
regimen because of the longer time in the progression-free state 
and therefore longer time on treatment. With treat-to-progres-
sion strategies, the additional clinical benefits of extending 
time in the progression-free health state come with consistent 
extra costs, whereas regimens that generally include 1 or more 
agents with a fixed dosing schedule (i.e., CFZ+LEN+DEX and 
PAN+BOR+DEX) do not incur the same amount of additional 
cost. In this context, the cost and value in real-world settings 
will be different if the clinical community deviates from the 
fixed dosing strategies suggested in the prescribing information. 

The drug cost threshold analysis highlights a current chal-
lenge to providing cost-effective cancer treatment over and above 
that related to the cost of individual drugs, that is, the issue of 
adding new agents to existing regimens and creating expensive 
combination regimens of 2 or more drugs. This challenge has 
been discussed previously and remains a challenge globally.29,30 
Specifically, manufacturers of new drugs that are used in combi-
nation with other, often expensive, drugs have no influence over 
the cost of the other drugs; therefore, manufacturers have a lim-
ited ability to establish prices in line with a given health system’s 
willingness to pay for health gains. As our threshold analysis 
revealed, for many of the drugs evaluated, the discounts that 
would be required to achieve commonly used cost-effectiveness 
thresholds were unrealistic and at times entered into the negative 
space. However, these are real extra costs to the health system 
and must be factored into economic analyses.

There are limited options available to address this issue. 
Indication-based pricing has gained some traction as a  

potential option to align the use of drugs with the specific 
value delivered to patients and patient populations, but the 
challenges with creating this system for an individual drug 
therapy would only be exacerbated for combination regimens. 
CMS has indicated a willingness to explore innovative con-
tracts, especially in oncology, but for indication-based pricing 
to work with combination regimens, the payer would need to 
establish a comprehensive indication-based pricing process 
that applied to all manufacturers, and we are a long way from 
such a system at present.31 Some companies have indicated that 
they are willing to entertain decreased costs for drugs used in 
combination if they make all the drugs.32 Another possibil-
ity is for manufacturers to work together to provide a group  
discount. This option has begun to gain traction in Europe, 
where manufacturers can work with large public payers, 
although implementation in the United States would be chal-
lenged by its fragmented health system.33

We found limited data on the cost-effectiveness of drugs 
to treat MM in the United States. A recently published cost-
effectiveness analysis by Jakubowiak et al. (2016) examined 
CFZ+LEN+DEX versus LEN+DEX in relapsed MM from a U.S. 
perspective.34 Although the total incremental cost was similar 
to that in our model ($179,400 vs. $183,000, respectively), the 
estimate of QALYs gained with CFZ+LEN+DEX was notably 
different (1.67 vs. 0.86). 

This difference appears to be a result of 2 key differences 
between models. First, the independently modeled PFS and 
OS curves in the Jakubowiak et al. analysis yielded much more 
favorable estimates of treatment effect for CFZ+LEN+DEX 
than those reported in the ASPIRE trial versus LEN+DEX (PFS 
odds ratio = 0.51 [model] vs. 0.69 [published hazard ratio]; OS 
hazard ratio = 0.70 [model] vs. 0.79 [published hazard ratio]). 
These differences appear to explain a modeled increase in PFS 
that was over 5 months longer than the median PFS observed 

Second Line, $ Third Line, $

WTP Threshold 50,000 100,000 150,000 50,000 100,000 150,000 

CFZ-LEN-DEX
55 649 1,242 0 445 946

(–906-1,063) (–68-1,733) (405-2,661) (–938-622) (–633-1,518) (–386-2,417)

ELO-LEN-DEX
–69 252 572 –126 162 449

(–535-619) (–141-903) (138-1,272) (–644-484) (–266-692) (34-1,032)

IX-LEN-DEX
–278 127 533 -347 19 385

(–903-567) (–294-830) (84-1,329) (–1,046-593) (–502-769) (–40-1,180)

PAN-BOR-DEX
   3,459 4,344 5,229
   (2,389-5,552) (2,668-8,242) (2,792-10,987)

DAR-LEN-DEX
–165 567 1,298 –293 351 995

(–779-486) (–51-1,239) (614-2,093) (–902-417) (–239-1,080) (338-1,800)

DAR-BOR-DEX
1,840 2,582 3,324 1,708 2,397 3,087

(1,495-2,278) (2,139-3,050) (2,674-3,976) (1,374-2,114) (1,948-2,959) (2,479-3,845)

Note: Results reflect threshold prices for the first listed drug in each triplet regimen only (all other parameter values held constant).
BOR = bortezomib; CFZ = carfilzomib; DAR = daratumumab; DEX = dexamethasone; ELO = elotuzumab; IX = ixazomib; LEN = lenalidomide; PAN = panobinostat; 
WTP = willingness to pay.

TABLE 4 Drug Cost Thresholds
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Corrections

Page 36, second column, last paragraph, second sentence, is 
changed to the following:
“First, the independently modeled PFS and OS curves in 
the Jakubowiak et al. analysis yielded much more favorable 
estimates of treatment effect for CFZ+LEN+DEX than those 
reported in the ASPIRE trial versus LEN+DEX (PFS odds 
ratio = 0.51 [model] vs. 0.69 [published hazard ratio]; OS haz-
ard ratio = 0.70 [model] vs. 0.79 [published hazard ratio]).”

Page 37, top paragraph, last sentence, is changed to the fol-
lowing:
“Finally, we note that 1 of the findings of the Jakubowiak et al. 
analysis appears to be counterintuitive, in that CFZ+LEN+DEX 
patients spend approximately 4 years in the postprogression 
state in the model versus approximately 3 years for LEN+DEX; 
however, the postprogression treatment costs for LEN+DEX are 
reported to be higher.”

While the authors regret these errors, they do not affect the 
conclusions of the study.


