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1  | INTRODUC TION

Maintenance treatment with the immunomodulatory drug lena-
lidomide has improved progression-free survival (PFS) vs no main-
tenance therapy (no-Mt) in four randomized trials in patients with 

newly diagnosed multiple myeloma (NDMM) who have undergone 
autologous stem cell transplantation (ASCT).1-4 A meta-analysis of 
pivotal trial data demonstrated that lenalidomide maintenance treat-
ment (Len-Mt) more than doubled median PFS vs no-Mt (52.8 vs 
23.5 months; hazard ratio [HR] 0.48; 95% confidence interval [CI] 
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Abstract
Objective: Autologous stem cell transplantation (ASCT) has improved progression-
free survival (PFS) and overall survival in eligible patients with newly diagnosed 
multiple myeloma (NDMM); however, relapse occurs. Maintenance therapy with le-
nalidomide (Len-Mt) extends survival and delays relapse and the subsequent initia-
tion of costly second-line regimens. Here, we report the cost-effectiveness of Len-Mt 
following ASCT from a Dutch healthcare service perspective.
Methods: A partitioned survival model was developed to assess the lifetime costs 
and benefits for patients with NDMM. Efficacy was taken from a pooled meta-analy-
sis of clinical trial data. Costs and subsequent therapy data were taken from sources 
appropriate for the Dutch market.
Results: Lenalidomide produced a quality-adjusted life year gain of 2.46 and a life 
year gain of 2.79 vs no maintenance treatment. The cost of lenalidomide was partially 
offset by savings of EUR 77 462 in subsequent treatment costs. The incremental 
cost-effectiveness ratio of Len-Mt vs no maintenance treatment was EUR 30 143. 
Key model drivers included subsequent therapies, dosing schedule, and time horizon.
Conclusion: Lenalidomide is cost-effective after ASCT vs no maintenance therapy in 
the Netherlands. By extending PFS, lenalidomide delays the cost burdens associated 
with relapse and subsequent treatment lines.
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0.41-0.55; log-rank P = .001). In addition to increased PFS, Len-Mt 
extended the duration between initial and second-line antimyeloma 
treatment (HR 0.57; 95% CI 0.49-0.66).5 This meta-analysis also 
reported the median overall survival (OS), after a median follow-
up of 88.8 months, was 111.0 months for Len-Mt, compared with 
86.9 months for no-Mt.5 Lenalidomide is currently the only regula-
tory approved maintenance agent and is recognized as the standard 
of care in the post-ASCT maintenance setting by national and inter-
national guidelines.6,7

Despite the potential for prolonged response by following ASCT 
treatment with maintenance therapy, no current multiple myeloma 
(MM) treatment is curative.8

From 1990 to 2016, incident cases of MM increased by 96% in 
Western Europe.9 In the Netherlands, the 2017 projected incidence 
(crude rate) of MM for people aged 65-70 years was 23.46 per 
100 000.10 Improvements in OS outcomes, and an aging population, 
are likely to increase the prevalence of myeloma. For this growing co-
hort of NDMM patients, sustaining response and extending the time 
until disease progression post-ASCT are important clinical goals. There 
is also an increasing need to demonstrate novel treatment approaches 
are not only safe and effective but also cost-effective. A healthcare 
cost-impact analysis study in Europe has shown Len-Mt reduces over-
all direct medical costs across the first 5 years post-ASCT.11 As no 
published study has considered the cost-effectiveness of Len-Mt for 
NDMM post-ASCT from a Dutch perspective, our objective was to 
evaluate the cost-effectiveness of Len-Mt vs no-Mt for patients with 
transplant-eligible NDMM, from a Dutch healthcare perspective.

2  | METHODS

2.1 | Data sources

A systematic search was conducted to identify investigator-initi-
ated randomized controlled trials (RCTs) for inclusion in a meta-
analysis of outcomes for lenalidomide vs placebo. The inclusion 
criteria were: RCT in NDMM post-ASCT; a Len-Mt arm and a pla-
cebo/no-Mt control arm; achievement of final database lock for 
the prespecified primary efficacy analysis; and availability of pa-
tient-level data. Hence, the clinical effectiveness and safety data 
for lenalidomide and no-Mt included in the economic model for 
the base case were derived from a pooled meta-analysis of three 
RCTs (Table S1):

• The Intergroupe Francophone du Myélome (IFM) study: IFM 
2005-02 (NCT00430365)1

• The Cancer and Leukemia Group B (CALGB) study: CALGB 
100104 (NCT00114101)2

• The Gruppo Italiano Malattie EMatologiche dell'Adulto (GIMEMA) 
study: GIMEMA RV-MM-PI-209 (NCT00551928)3

These independently conducted trials varied in patient popu-
lation, lenalidomide dosing, and follow-up duration. The treatment 

effect of lenalidomide on OS varied between studies, whereas PFS 
results were relatively consistent (Table S2).5

2.2 | Patients

Simple pooling of the trials was applied; characteristics were broadly 
similar (72-80% of patients in the HOVON study12 had International 
Staging System (ISS) stage I/II at randomization, compared with 
70.36% of patients included in our pooled analyses [Table S3]). This 
suggests that the pooled meta-analysis patient characteristics were 
representative of a Dutch NDMM post-ASCT population.

2.3 | Model structure

A partitioned survival model structure, constructed in Microsoft 
Excel, was selected for this cost-utility analysis.

The model structure (Figure 1) has six health states: preprogres-
sion (on maintenance treatment and off treatment); postprogression 
survival (off treatment and progressed, ie, presecond-line treatment, 
second-line treatment, and postsecond-line treatment); and death.

A lifetime horizon allowed all key outcomes to be captured. 
Given the mean starting age of patients across the RCTs (56 years), 
this corresponded to a 40-year time horizon in the base case. A cycle 
length of 28 days was considered sufficient to capture the speed of 
progression of NDMM and was in line with the most common pack 
size used for lenalidomide across the trials.

Model outcome measures included quality-adjusted life years 
(QALYs), costs (in 2016 EUR), and life years (LYs). An incremental 
cost-effectiveness ratio (ICER) was reported in terms of cost per QALY 
gained to allow evaluation against the willingness to pay (WTP) thresh-
old of EUR 50 000 for MM.13 The more conservative European-wide 
threshold of EUR 50 000 was chosen over the EUR 80 000 Dutch 

Novelty Statements

1. What is the NEW aspect of your work?
This is the first examination of cost-effectiveness of le-
nalidomide as maintenance therapy following ASCT in 
patients with newly diagnosed multiple myeloma from a 
Dutch healthcare perspective.
2. What is the CENTRAL finding of your work?
When compared with no maintenance therapy, lena-
lidomide is cost-effective as a maintenance treatment for 
newly diagnosed multiple myeloma.
3. What is (or could be) the SPECIFIC clinical relevance of 
your work?
The cost burdens associated with relapse and subsequent 
treatment lines can be delayed by using lenalidomide main-
tenance to extend progression-free survival.
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figure, which takes the severe disease burden into account, in order 
to increase the generalizability of our analyses.14 In line with Dutch 
guidelines, costs and effects (QALYs and LYs) were discounted at the 

annual rates of 4.0% and 1.5%, respectively.15 A Dutch healthcare per-
spective was used as the data available were too limited to adequately 
capture a societal perspective for MM patients in the Netherlands.

Challenge Assumptions applied in base case and sensitivity analyses

IFM Protocol amendment: 
Patients removed from 
treatment before the end of 
the study

• Protocol amendment taken as a data cutoff; only used 
data up until that point (ie, censored all outcomes when 
patients stopped lenalidomide treatment, eg, the point 
of protocol amendment)

Different dosing schedules used: 
21/28 vs 28/28

• Days 1-21 of each 28-day cycle, in line with Dutch 
guidelines,8 used for costing

• No adjustment was made for efficacy
• Costing conducted as per trial dosing schedule included 

in scenario analysis (to match effectiveness evidence)

Prior consolidation therapy 
received in IFM

• Clinical advice indicated this was not likely to be a major 
issue; additionally, available methods cannot easily 
account for this

• Ignoring this is conservative; likely impact would be to 
increase placebo effectiveness

Imbalances in baseline patient 
characteristics across trials 
(including time between ASCT 
and maintenance)

• Assumed simple pooling of trials and baseline 
characteristics were representative of Dutch population

• This setting was tested in scenario analyses in which 
covariate adjustment for key prognostic characteristics 
was applied (Data S1 “Covariate adjustment”)

Inconsistent dosing rules 
(titration)

• Cost used as per exact dose received in a cycle in IFM 
(where detailed dosing was available); detailed dosing 
was not available from GIMEMA, so this is likely over-
costs conservative

• No adjustment was made for efficacy

Crossover in CALGB • Conduct crossover adjustment according to RPSFTM 
(Data S1 “Crossover analysis”)

• Unadjusted data were tested in scenario analysis

Abbreviations: ASCT, autologous stem cell transplantation; CALGB, Cancer and Leukemia Group 
B; GIMEMA, Gruppo Italiano Malattie EMatologiche dell'Adulto; IFM, Intergroupe Francophone du 
Myélome; RPSFTM, rank-preserving structural failure time model.

TA B L E  1   Overview of trial 
comparability issues and model solutions

F I G U R E  1   Model structure. †Death is 
an absorbing state; patients can transition 
to this state from anywhere in the model. 
Abbreviation: ASCT, autologous stem cell 
transplantation
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2.4 | Model parameters

Cost inputs and key model parameters are provided in Tables S5 and 
S6, respectively.

2.5 | Clinical inputs

The key challenges presented by the trials, and modelling approaches 
applied to limit bias are described in Table 1.8 (Data S1 “Covariate ad-
justment” and “Crossover analysis”).

The clinical trial data used to inform efficacy in the model were 
reasonably mature: maximum follow-up durations of 66, 114, and 
104 months were available from the GIMEMA, CALGB, and IFM 
datasets, respectively (unpublished data; data on file); however, 
some extrapolation was still required to predict what would happen 
over a patient's full lifetime.

Parametric survival models were fitted according to the UK 
National Institute for Health and Care Excellence (NICE) guidance 
to allow extrapolation of the OS and PFS outcomes beyond the ob-
served duration of the RCTs.16 Since extrapolation was not required 
for modelling time on treatment (ToT) as the proportion of patients 
remaining on treatment at the end of follow-up was minimal on both 
arms across all trials (<2%), Kaplan-Meier (KM) data were used di-
rectly in the model (Data S1 “Survival analysis”). Alternative curve 
selections presenting good statistical fit were explored in scenario 
analysis.

Based upon the extrapolated curves, the time spent alive was then 
calculated as the area under the OS curve, the area under the ToT 
curve gave the time spent in the PFS on-treatment health state and 
the difference between the PFS and ToT curves gave the time spent 
in the PFS off-treatment health state. Time spent postprogression 
yet prior to the receipt of second-line treatment was calculated using 
the median treatment-free interval (TFI) (Data S1 “Treatment-free in-
terval”). The duration of each subsequent treatment line was based 
on median ToT from the GIMEMA data set. Patients were assumed 
to begin postsecond-line treatment immediately after completion of 
second-line treatment (Data S1 “Subsequent therapy” and Table S4).

The frequencies of treatment-related adverse events (AEs) were 
determined from grade 3-4 events that occurred in ≥5% of patients 
receiving either Len-Mt or no-Mt during the studies. Due to data 
availability, this was limited to the CALGB and IFM trials. The prob-
ability of experiencing an AE or secondary primary malignancy per 
cycle was calculated based on ToT for application in the model.

2.6 | Treatment cost and dosing

Dutch guidelines advise that Len-Mt is prescribed for MM at the 
starting dose of 10 mg on days 1-21 of each 28-day cycle.17 Doses 
may be either interrupted or reduced to 5 mg if the patient experi-
ences treatment-related toxicity. Treatment is given orally until ei-
ther progression or unacceptable toxicity.

In the base case, the model uses Len-Mt dosing from the trial 
data as this reflected the modelled efficacy outcomes. Although de-
tailed dosing data were only available from the IFM trial, the individ-
ual study PFS results were considered similar enough that the data 
could be translated to the other studies. Therefore, IFM dosing was 
implemented on an individual cycle basis in the model.

List prices were used to cost lenalidomide, based on pack sizes of 
21 tablets. This resulted in a weighted average cost of lenalidomide 
per cycle of EUR 4992 based upon the IFM dosing. As an oral therapy, 
it was assumed there was no cost associated with administration.

The type of subsequent treatment received at second line and 
postsecond line were based on those reported in the Zorginstituut 
Nederland (ZIN) submission for daratumumab in patients with MM 
previously treated with combination therapies.18 These data, in 
combination with subsequent treatment market shares derived 
from a study investigating the cost impact of Len-Mt post-ASCT in 
Europe,11 were used to calculate the expected Dutch market shares. 
The use of subsequent therapy market shares specific to the Dutch 
setting assumed that the resulting efficacy impact would be equiva-
lent to subsequent therapies used in the trials.

Based on the ZIN submission data, daratumumab combination 
regimens have the potential to be the most used second-line treat-
ments, with daratumumab and lenalidomide monotherapies poised 
to account for most of the postsecond-line treatments.

The assumed market shares for subsequent therapy in Dutch 
clinical practice and information on the clinical trial subsequent ther-
apies utilized in the scenario analysis are presented in the Data S1 
“Subsequent therapy”.

2.7 | Health-related Quality of Life (QoL)

Health-related QoL data included in the economic model were based 
on a real-world setting with EuroQol five dimensions (EQ-5D®) data 
collected in the Connect® MM Registry (Data S1 “Connect® MM 
Registry data analysis”).19 Utility values for the progression-free 
health states were derived as 0.853 in both Len-Mt and no-Mt arms. 
Progressive disease, corresponding to the TFI and second-line treat-
ment health states, was determined to have a utility of 0.789.

The Connect® MM Registry data captured the impact of Len-Mt 
on patient QoL19 so disutility values for AEs were not applied in the 
base case to avoid double counting.

Utility data for subsequent lines of treatment in MM post-ASCT 
are scarce. A postsecond-line (and post-ASCT) utility value of 0.640 
was applied from a published analysis of the EMMOS registry 
(NCT01241396).20

2.8 | Healthcare resource use (HCRU)

HCRU was calculated separately for first-line treatment, second-line 
treatment, and postsecond-line treatment. Except for granulocyte 
colony-stimulating factor administration, which was based on IFM trial 
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data, annual HCRU frequencies were obtained by analyzing patient-
level data derived from an EU5 retrospective chart review that as-
sessed resource use in NDMM patients post-ASCT in France, Germany, 
Italy, Spain, and the UK (Data S1 “Resource use analysis”).21 As data 
were recorded separately for Len-Mt and no-Mt, differences in routine 
monitoring and care according to treatment regimen could be captured.

Costs attributable to HCRU and subsequent therapies were de-
rived from standard sources appropriate for the Dutch market or 
published literature (Table S5).22-24

AE costs were set to zero in the base case. This avoided double 
counting in addition to the hospital stays incorporated as part of the 
HCRU frequency data derived from the real-world EU5 study.

Dutch guidelines advise that all healthcare system costs are cap-
tured in economic models, including those incurred from potential 
non-related illness during gained LYs. Future unrelated healthcare 
costs were derived according to the Practical Application to Include 
Disease costs (PAID) data source.25 The cost of terminal care was 
applied as a lump sum upon patients entering the death state, with 
the associated cost taken from a Dutch care product representing 
the value of all activities and actions required for palliative care as-
sociated with bone marrow cancers.

2.9 | Sensitivity analysis

Sensitivity analysis was used to evaluate uncertainty and identify 
the key cost-effectiveness drivers of the model. Deterministic analy-
sis was conducted in the form of one-way sensitivity analysis and 
scenario analysis. Probabilistic sensitivity analysis was used to evalu-
ate uncertainty in the model parameters and the subsequent effects 
on the results.

2.10 | Validation and clinical plausibility

The model was quality assured by external economists. They re-
viewed the model for coding errors and inconsistencies and evalu-
ated the plausibility of inputs according to the Philips checklist.26 
A clinician provided external validation of the efficacy inputs (eg, 
long-term survival projections), and their feedback was incorporated 
into the model assumptions where appropriate.

The model-projected median OS and PFS were compared with 
the clinical outcomes published for each of the RCTs (Table S8) to 
evaluate their consistency. The modelled estimates largely lay within 
the 95% CIs reported for each trial.

3  | RESULTS

3.1 | Base case results

The model projected an increase in both OS and PFS for Len-Mt vs 
no-Mt. The modelled median OS was 77.3 months for no-Mt and 

107.6 months for Len-Mt (Figure 2A). The modelled median PFS 
was 26.7 months for no-Mt and 51.5 months for Len-Mt (Figure 2B). 
The KM curve for ToT in the group receiving Len-Mt is shown in 
Figure 2C.

Len-Mt gave 9.54 LYs and 7.49 QALYs with a total cost of EUR 
360 480 (Table 2). No-Mt gave 6.76 LYs and 5.04 QALYs at a total 
cost of EUR 286 444. Compared with no-MT, Len-Mt produced an 
incremental LY gain of 2.79 and an incremental QALY gain of 2.46. 
This resulted in an ICER of EUR 30 143 per QALY gained. The dis-
counted results as determined by the base case model are shown in 
Table 2.

Probabilistic results were consistent with those calculated from 
the deterministic analysis and indicated a 99.9% probability of 
Len-Mt being cost-effective at the WTP threshold for MM of EUR 
50 000/QALY gained.

The model also predicted higher proportions of patients in the 
no-Mt arm would receive subsequent therapy at both second and 
postsecond line within the modelled time horizon (40 years). No-Mt 
was associated with 66% of patients progressing to second-line 
treatment and 62% to postsecond-line treatment. In comparison, 
Len-Mt saw 38% of patients progress to second-line treatment and 
36% to postsecond-line treatment. The total cost of second-line and 
subsequent treatment for patients who received Len-Mt or no-Mt 
were EUR 109 939 and EUR 187 401, respectively, highlighting a 
savings of EUR 77 462 in treatment costs for patients who received 
first-line Len-Mt (Table 2).

3.2 | Sensitivity analysis

One-way sensitivity analysis assessed uncertainty in the model by 
setting parameters to their lower and upper bound values, usu-
ally aligning to the associated 95% CI range, and evaluating the 
impact on the results. The parameters with the greatest potential 
to influence the ICER were the subsequent therapy costs at both 
second- and postsecond-line for no-Mt, followed by the subse-
quent therapy costs for Len-Mt. Of note, the resulting ICERs for 
all tested parameters remained below the WTP threshold of EUR 
50 000/QALY, even at the most influential. The tornado diagram 
displaying the 10 most influential parameters on the ICER is shown 
in Figure 3.

Scenario analysis allowed evaluation of the impact of the key as-
sumptions of the model on the cost-effectiveness of Len-Mt. Results 
demonstrate that most scenarios gave ICERs that remained cost-ef-
fective at the WTP threshold of EUR 50 000 per QALY (Table 3).

The results remained relatively stable and cost-effective for time 
horizon scenarios at 15 years and above. The resilience of the ICER 
to health-related QoL assumptions was also demonstrated. Little 
change in the results was observed when applying an alternative 
second-line utility value of 0.72, as was reported by the same source 
as the postsecond-line utility.20 Testing around the HCRU showed 
that Len-Mt remained cost-effective if equal frequencies of use 
were assumed in both treatment arms.
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F I G U R E  2   Model-generated: (A) 
OS and (B) PFS for lenalidomide and no 
maintenance therapy vs KM; and (C) KM 
for lenalidomide ToT. All data shown for 
time horizon of model. Abbreviations: KM, 
Kaplan-Meier; OS, overall survival; PFS, 
progression-free survival; ToT, time on 
treatment
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CALGB was deemed to have the better fit to the decision prob-
lem; as shown in Table 3, the CALGB scenario remained cost-effec-
tive at the EUR 50 000 per QALY WTP threshold.

Application of log-logistic and generalized gamma extrapolation 
curves in both arms for OS reduced the ICER due to the more op-
timistic predication of survival for Len-Mt across the 40-year time 
horizon. Similarly, extrapolation of PFS with a log-logistic curve for 
both arms increased the ICER due to the optimistic predication of 
PFS for the no-Mt arm.

Crossover unadjusted data increased LYs and QALYs for the 
no-Mt arm. Using the rank-preserving structural failure time method 
to adjust for crossover in the base case model reduces the potential 
for bias in the no-Mt arm due to patients benefitting from receiv-
ing Len-Mt, giving more plausible cost-effective results. Covariate-
adjusted data with either four key prognostic variables or the full list 
had minimal impact on cost-effectiveness.

A scenario where patients who received 15 mg lenalidomide 
in the trials were switched to 10 mg lenalidomide, to better reflect 
Dutch recommendations for clinical practice, reduced the ICER to 
EUR 29 237.

Scenarios that aligned the subsequent treatment market shares 
and proportion of patients receiving 28 days out of each 28-day 
cycle lenalidomide dosing as per the trial data (88.9%) gave ICERs of 
EUR 46 099 and EUR 47 966, respectively (Table 3). However, as dis-
cussed previously, these treatment pathways were not considered 
to be generalizable to Dutch clinical practice. Incremental analysis 
revealed that the ICER remained below the WTP threshold of EUR 
50 000 per QALY gained when up to 99.0% of patients received 28 
out of 28-day dosing.

4  | DISCUSSION

This economic evaluation was performed to assess the cost-ef-
fectiveness of Len-Mt as a post-ASCT treatment for patients with 
NDMM in the Netherlands. The base case deterministic ICER of EUR 
30 143 shows that lenalidomide is a cost-effective use of resources 
in the Netherlands when compared to the WTP threshold for MM of 
EUR 50 000/QALY.

Given that subsequent treatment lines are likely to include 
more expensive, newer combination treatments, delaying pro-
gression and time to subsequent therapy creates the potential for 
large budget savings; as illustrated by the finding that Len-Mt post-
ASCT was associated with a 24% saving in overall direct medical 
costs, vs no-Mt.11 Although first-line drug costs contributed EUR 
147 707 to the increase in total costs vs no-Mt, this was partially 
offset by savings of EUR 77 462 in subsequent treatment costs 
because lenalidomide delays time to progression and, hence, sub-
sequent treatment.18

Strengths of this analysis include the use of all relevant data to 
inform the base case analysis. Using the pooled meta-analysis of 
three RCTs maximized the population size used to predict modelled 
outcomes, strengthening the applicability of the results. Using the 
CALGB study allowed the incorporation of more mature trial data 
and ToT required no extrapolation within the model. The incorpora-
tion of data from the EU5 retrospective chart review allowed HCRU 
to be representative of actual clinical practice. Dutch-specific inputs 
for dosing and subsequent therapy captured clinical practice of the 
chosen perspective. Recently, results of the Myeloma XI trial were 
reported, indicating a significant improvement in both OS and PFS 
with Len-Mt compared with observation in the subset of patients 
eligible for ASCT4; while inclusion of data from this trial would have 

TA B L E  2   Discounted base case cost-effectiveness results

Cost item Lenalidomide

No 
maintenance 
treatment

Incremental 
difference

Clinical outcomesa 

LYs 9.54 6.76 2.79

QALYs 7.49 5.04 2.46

Cost outcomes, EURb 

Drug cost

First line 147 707 0 147 707

Second line 67 242 114 958 −47 716

Postsecond 
line

42 697 72 443 −29 746

HCRU cost

First line, on 
treatment

3704 10 716 −7012

First line, off 
treatment

5450 7118 −1668

Second line 853 1483 −629

Postsecond 
line

19 039 22 556 −3516

Terminal care 16 846 18 800 −1954

SPM cost 30 504 20 567 9938

Future unrelated health costs

Other years 24 116 15 215 8901

Last year of 
life

2321 2589 −268

Total 360 480 286 444 74 036

Deterministic 
ICER—cost/
QALY, EUR

30 143

Probabilistic 
ICER—cost/
QALY, EUR

29 358

Percentage 
chance 
cost-effective

99.9% at the threshold for MM of EUR 50 000/
QALY

Abbreviations: EUR, Euro; HCRU, healthcare resource use; ICER, 
incremental cost-effectiveness ratio; LY, life years; MM, multiple 
myeloma; QALY, quality-adjusted life year; SPM, secondary primary 
malignancy.
aBased on a discount rate of 1.5% for QALYs and LYs. 
bBased on a 4.0% discount rate for costs. 
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further strengthened our findings, the data were not available at the 
time of analysis.

Another strength is the utility value choice in this analysis. We 
calculated the utility values based on the real-world EQ-5D data 
collected in the Connect® MM Registry and further incorporated 
data from the Dutch tariff to derive Dutch-specific utility scores. 
Therefore, results from the analysis are specific to the Dutch setting 
and reflect the preference of the Dutch population.

A limitation common to many cost-effectiveness models is the 
uncertainty in long-term outcomes, predicted from the extrapola-
tion of trial data over a lifetime horizon. The ICER remained rela-
tively stable for most time horizons tested during scenario analysis, 
with lenalidomide remaining cost-effective for time horizons above 
15 years. This demonstrated that cost-effectiveness was not reliant 
on extrapolation beyond the availability of trial data. In addition, 
long-term model survival projections (Figure S1) showed good clini-
cal plausibility, being lower than Dutch general population mortality 
over the entire modelled time horizon.27 The model was also robust 
to the selection of extrapolation curves for OS and PFS.

Furthermore, total treatment costs are likely to be overestimated 
as they are derived from their respective list prices, which do not 
account for confidential discounts. Inconsistent reporting of data 
across the trials required assumptions to be made in the derivation 
of some variables.

Another key limitation of this study was the deviation of some 
inputs from clinical trial data. Utility values were obtained from the 
best available literature as QoL data were lacking in the trials in-
cluded.19 The use of the days 1-21 of each 28-day cycle lenalidomide 
dosing schedule and Dutch subsequent therapy market shares were 

both based on the assumption that their efficacy outcomes were 
equivalent to those generated in the trials, without adjustment.

Sensitivity analysis revealed subsequent therapy use as a key 
driver of cost-effectiveness. As the treatment pathway for MM is 
continually adapting, both in the Netherlands and globally, best 
practice methods for accurately assessing the impact on cost-effec-
tiveness when subsequent therapies vary from those used during 
clinical trials need to be determined. Further research is also re-
quired to establish the optimal dosing for Len-Mt in MM post-ASCT. 
However, the lack of difference in efficacy between 28- and 21-
day regimens suggests they are comparable. In addition to the data 
herein, the recently published Myeloma XI study also showed sim-
ilar efficacy using a 21-day regimen.4 Although head-to-head data 
are lacking, RCT comparisons suggest a potential advantage for the 
21-day regimen in terms of tolerability, which may facilitate patients 
staying on treatment longer. Prevalence of key AEs was lower in the 
21-day Myeloma XI study4 vs a previous RCT1 using a 28-day dosing 
schedule (grade 3-4 neutropenia 33% vs 51%; grade 3-4 thrombo-
cytopenia 6% vs 14%; grade 3-4 fatigue 1% vs 5%; respectively). The 
21-day regimen also has the added benefit of being more familiar 
to practitioners. Finally, as expected there are differences between 
the RCT populations used to generate our pooled analysis and those 
of newly diagnosed patients in Dutch registries. Inclusion/exclu-
sion criteria-driven differences between clinical trial populations 
and those seen day to day in the clinic are a well-recognized issue 
throughout medical research. In a recent study on relapsed/refrac-
tory MM comparing RCT populations with those in an US electronic 
medical database, between half and three-quarters of the patients 
were ineligible for at least one of six landmark MM trials.28 Median 

F I G U R E  3   One-way sensitivity analysis tornado diagram. Abbreviations: CI, confidence interval; HCRU, healthcare resource use; ICER, 
incremental cost-effectiveness ratio; QALY, quality-adjusted life year; SPM, secondary primary malignancy
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age of patients receiving first-line therapy in the Dutch PHAROS 
registry was 70 years old compared with 58 and 59 years old in our 
population.1-3,29 Indeed, age-based inclusion criteria would have 
excluded ≥50% of the PHAROS population in each of the three 
trials.1-3,29 Although not directly comparable (mean vs median), 
demographic data suggest that the RCT patients also had better 
kidney function than real-world patients in the Netherlands.1-3,29 
However, differences in staging were not particularly marked (ISS 
stage III: 26% vs 22-24%, in real-world and RCT populations, respec-
tively).1-3,29 Although these differences are likely to impact HCRU, 
the parameters of our sensitivity analyses suggest that Len-Mt 
therapy would remain cost-effective under most circumstances. 
However, real-world cost analyses should be conducted when suffi-
cient data are available.

5  | CONCLUSIONS

The proportion of ASCT-eligible patients with MM is expanding in 
the Netherlands due to improvements in supportive care, increasing 
the population requiring maintenance therapy. A cost-utility analy-
sis using a pooled meta-analysis of the most relevant RCTs indicates 
the use of Len-Mt increases both OS and PFS. By extending PFS, 
Len-Mt delays the cost burdens associated with relapse and sub-
sequent uncontrolled disease, including the cost of expensive later 
lines of treatment. Further research is needed to address the impact 
of changing subsequent treatment pathways, which are a key driver 
of cost-effectiveness. The results of this analysis demonstrate that 
Len-Mt post-ASCT is a cost-effective use of healthcare resources 
in the Netherlands vs no-Mt, with a 99.9% probability of being 

TA B L E  3   Scenario analysis results

Scenario

No maintenance Lenalidomide
ICER, 
EURTotal cost, EUR Total LYs Total QALYs Total cost, EUR Total LYs Total QALYs

Base case 286 444 6.76 5.04 360 480 9.54 7.49 30 143

Efficacy source: CALGB trial 
data

145 783 6.09 4.68 302 405 10.52 8.32 43 045

Time horizon

30 y 286 433 6.76 5.04 359 211 9.46 7.43 30 386

15 y 311 912 6.58 4.91 348 670 8.29 6.54 39 727

10 y 300 909 5.97 4.50 336 915 6.88 5.47 63 690

Covariate adjustment

Four covariatesa  301 732 7.24 5.33 394 526 9.13 7.13 37 449

Full list of covariatesb  302 988 7.28 5.36 397 475 9.22 7.20 37 276

No crossover adjustment 280 171 7.32 5.48 386 559 9.54 7.49 39 883

OS extrapolation curves for both arms

Log-logistic 316 537 8.89 6.41 393 465 11.81 9.09 28 675

Generalized gamma 273 718 5.73 4.34 405 005 12.40 9.47 25 608

PFS extrapolation curves: log-
logistic for both arms

275 474 6.76 5.07 364 122 9.54 7.47 36 888

Proportion of patients 
receiving 28 d out of 28-day 
lenalidomide dosing: 88.9% as 
in pooled trial data

286 444 6.76 5.04 404 255 9.54 7.49 47 966

Lenalidomide dose: Dutch 
guidelines (10 mg)

286 444 6.76 5.04 358 253 9.54 7.49 29 237

Second-line utility: 0.72 as in 
EMMOS registry

286 444 6.76 5.01 360 480 9.54 7.48 29 999

Subsequent treatment market 
shares: pooled trial data

188 026 6.76 5.04 301 250 9.54 7.49 46 099

HCRU frequencies: equal across 
both treatment arms

278 364 6.76 5.04 370 036 9.54 7.49 37 324

Abbreviations: ASCT, autologous stem cell transplantation; CALGB, Cancer and Leukemia Group B; EUR, Euro; HCRU, healthcare resource use; ICER, 
incremental cost-effectiveness ratio; LY, life year; OS, overall survival; PFS, progression-free survival; QALY, quality-adjusted life year.
aCovariates adjusted: age (<60 vs ≥60 years), sex, International Staging System stage at diagnosis (I/II vs III vs missing), and response after ASCT by 
central review (complete response/very good partial response vs partial response/stable disease). 
bAdditional covariates adjusted: adverse-risk cytogenetics, creatinine clearance after ASCT, creatinine clearance at diagnosis, and Eastern 
Cooperative Oncology Group performance status. 
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cost-effective at the WTP threshold for MM of EUR 50 000 per 
QALY gained. The present study provides a model for estimations 
in other EU countries; although the discount rates, HCRU rates, cost 
inputs, and utility values may vary across countries.
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