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Aim: To compare real-world outcomes and costs among patients with newly diagnosed multiple myeloma
receiving lenalidomide-only maintenance (Len-Mt) versus no maintenance after autologous hematopoi-
etic stem cell transplantation. Patients & methods: Time to next treatment (TTNT) was evaluated; costs
were calculated for 0–12, 12–24 and 24–36 months postindex date. Results: Len-Mt cohort had longer
TTNT (HR: 0.43; p < 0.0001). Per-patient per-month costs during months 0–12 were higher among pa-
tients, receiving Len-Mt (USD 13,095 vs USD 8910; p < 0.0001), due to higher pharmacy costs – outpatient
costs were lower. During months 12–24 and 24–36, outpatient costs were similar in both cohorts; total
and pharmacy costs remained elevated for patients receiving Len-Mt. Conclusion: Len-Mt improved TTNT,
initially reduced outpatient costs, but resulted in higher overall and pharmacy costs.
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The estimated annual incidence of multiple myeloma (MM) in the USA is approximately 32,110 – and has
increased over the last 10 years [1,2]. Despite this increase, evidence from randomized controlled trials (RCTs)
suggests that survival outcomes have improved in recent years with the availability of effective novel therapies
(e.g., lenalidomide, an immune-modifying drug and bortezomib, a proteasome inhibitor) [3].

National Comprehensive Cancer Network [4] and European Society for Medical Oncology [5] guidelines rec-
ommend primary treatment options for patients with newly diagnosed MM (NDMM) that include various
triplet regimens (e.g., lenalidomide/bortezomib/dexamethasone). These are commonly followed by autologous
hematopoietic stem cell transplantation (ASCT) in patients eligible for transplant and maintenance therapy with
lenalidomide or bortezomib [4,5].

In 2017, lenalidomide became the first and currently is the only post-ASCT maintenance therapy approved in
the USA [6] and Europe [7]. Approval from the US FDA was based on data from two Phase III trials (Intergroupe
Francophone du Myélome [IFM] 2205-02 and Cancer and Leukemia Group B [CALGB] 100104) that showed
significant improvements in progression-free survival (PFS), event-free survival and overall survival (OS) with
lenalidomide maintenance compared with placebo [8,9]. In CALGB 100104, lenalidomide maintenance therapy
after ASCT significantly improved the time to disease progression compared with placebo (hazard ratio [HR]: 0.57;
95% CI: 0.46–0.71; p < 0.0001) [10]. In a crossover-adjusted analysis, a survival benefit of >3 years was observed [11].
Results from the Myeloma XI trial have also confirmed the significant PFS benefit of lenalidomide maintenance
versus observation after ASCT [12]. A meta-analysis based on data from IFM 2205-02, CALGB 100104 and the
GIMEMA RV-MM-PR-209 trial [13] compared lenalidomide maintenance versus placebo/observation after ASCT
and reported significant improvements in PFS (52.8 vs 23.5 months; HR: 0.48; 95% CI: 0.41–0.55) and OS
(not reached vs 86.0 months; HR: 0.75; 95% CI: 0.63–0.90) in patients receiving lenalidomide maintenance [14].
The survival benefit of lenalidomide maintenance post-ASCT in patients with NDMM may have direct economic
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Figure 1. Study design.
ASCT: Autologous stem cell transplantation; MM: Multiple myeloma; No-Mt: No maintenance therapy;
Len-Mt: Lenalidomide-only maintenance; RVd: Lenalidomide/bortezomib/dexamethasone.

consequences. For relapsed MM patients, several analyses have shown that therapies that delay disease progression
and extend treatment-free intervals reduce costs and healthcare resource utilization [15–17].

Treatment patterns and costs associated with post-ASCT maintenance therapy in ‘real-world’ patient populations
have not been well characterized for patients with NDMM. Although RCTs are needed for treatment testing and
registration purposes, evaluations of care and outcomes beyond the experimental setting are likewise essential to
population health management decisions. Assessment of practice patterns and understanding treatment effectiveness
in patients who would not meet eligibility criteria for RCTs are critical factors for payers and other healthcare
decision-makers.

Using a US claims database, this study aimed to retrospectively assess real-world treatment patterns, time to
treatment discontinuation (TTTD), time to next treatment (TTNT), healthcare resource utilization and costs
among patients with NDMM receiving ASCT followed by lenalidomide-only maintenance (Len-Mt) compared
with those receiving no maintenance therapy.

Patients & methods
Data source
In this retrospective observational study from the perspective of US payers, administrative claims data were
obtained from the Truven MarketScan Commercial and Encounters Database (Medicare Supplemental [Truven
Health Analytics, MI, USA]) from 1 January 2011 to 30 September 2016. This database includes fully de-identified
information for approximately 46 million individuals in the USA. As such, this work does not meet the definition
of research involving human participants and is not subject to regulation by the US Department of Health and
Human Services’ Protection of Human Subjects.

Study design
The index date was defined as the date of ASCT plus 90 days. Patients, who received a first-line treatment regimen
for MM followed by ASCT, were assigned to one of two cohorts based on their maintenance treatment post-ASCT:
Len-Mt or no maintenance therapy.

Treatment outcomes, including duration of maintenance, TTTD, TTNT and healthcare costs beyond the index
date, were compared between patients who received Len-Mt (<20 mg/day for ≥21 of 28 days) versus those who
received no maintenance therapy (Figure 1). The timing of receipt of therapy after ASCT and the number of cycles
of treatment were examined to identify maintenance therapy. Patients were followed until death, end of study
eligibility or data cutoff.
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Study population
The following inclusion criteria were applied: adults with ≥2 MM diagnosis codes ≥30 days apart during the
12 months prior to, and 3 months after their first observed MM diagnosis (the initial diagnosis date); receipt
of a treatment of interest (bortezomib, carfilzomib, cyclophosphamide, dexamethasone, doxorubicin, doxorubicin
liposomal, lenalidomide, melphalan, pomalidomide, thalidomide and vincristine); continuous enrollment for ≥6
months before their initial diagnosis date (or initial induction therapy, if this was earlier) and ≥6 months after their
initial induction therapy; ≥1 full cycle of MM treatment with a valid first-line regimen; and evidence of ASCT
during the follow-up period. Supplementary Table 1 includes a full list of all diagnostic claims codes used.

Exclusion criteria were as follows: evidence of prior MM diagnosis or treatment (except dexamethasone or
prednisone) or ASCT at any time prior to the observed MM diagnosis date; evidence of prior MM treatment
(including ASCT) between the initial diagnosis date and initial induction therapy date; missing data (e.g., age and
sex); ≥2 identical claims for lymphomas and/or leukemias of interest (Supplementary Table 1 for codes) ≥30 days
apart after the initial induction therapy date; received tandem transplants (second transplant <270 days after initial
transplant); or underwent ASCT within 60 days of initial induction therapy.

Patients assigned to the Len-Mt cohort received their first dose of post-ASCT lenalidomide monotherapy
<20 mg/day for ≥21 of 28 days (without steroids). Patients assigned to the no-maintenance cohort received no
maintenance therapy (defined as no treatment with lenalidomide <20 mg/day for ≥21 of 28 days, bortezomib
once weekly for 4 weeks [days 1, 8, 15 and 22 of a 35 day cycle] or thalidomide 50–200 mg/day for ≥21 of
28 days; either with or without steroids). Treatments not meeting these definitions were considered to be either
consolidation therapy (if therapy was initiated ≤90 days post-ASCT or there were one or two cycles during 90–270
days post-ASCT) or a next-line regimen. For consolidation therapy lasting one or two cycles, the next treatment
was considered maintenance therapy; otherwise, it was considered next-line treatment. For consolidation therapy
lasting >2 cycles and initiated within 90 days post-ASCT, next-line treatment was defined as the consolidation
initiation date plus 60 days. Steroids alone and maintenance therapy were not considered to be next-line regimens.

Outcomes

Baseline characteristics and comorbidities were evaluated during the 365 days prior to the index date. Comorbidities
within 90 days post-ASCT were also evaluated.

Duration of maintenance was measured from the initiation of lenalidomide maintenance to the last reported
lenalidomide claim plus the day of supply. This was reported for patients receiving Len-Mt alone and was stratified
by patient status as follows: (1) still receiving maintenance therapy (i.e., the maintenance end date was after the
end of the study or the last administration/prescription would last beyond the end of the evaluation period);
(2) progressed to next-line regimen during the eligible follow-up period; (3) in a treatment gap (i.e., finished
maintenance but no next-line regimen was observed; (4) gap exists between maintenance end date and end of
study ≤180 days); or lost to follow-up (i.e., finished maintenance but no next-line regimen observed; gap exists
between maintenance end date and end of study >180 days). Treatment was considered discontinued if patients
were classified as being either (2) or (3) from the previous list. TTTD was defined as duration from initiation to
discontinuation of lenalidomide maintenance. Patients classified as (1) or (4) from the previous list were censored
at the last follow-up time.

TTNT, a disease progression proxy, was defined as the duration from the index date until the initiation of a
subsequent line of treatment. This was compared between the Len-Mt and no-maintenance therapy cohorts.

Mean total healthcare costs (per patient per month [PPPM]) were compared between the two cohorts at
0–12, 12–24 and 24–36 months after the index date. Costs were inflated to September 2016 values using the
Consumer Price Index US Medical Database and adjusted accordingly. Total healthcare costs included pharmacy
costs (oral MM treatments; other oral medications); outpatient costs (intravenous MM and chemotherapy-related
treatments; emergency department visits; outpatient physician visits, including ancillary, laboratory, radiology and
surgery-related services); and inpatient costs. Claims codes are detailed in Supplementary Table 1.

Statistical analysis
Baseline characteristics were reported as means and standard deviations (SD) or percentages and number of patients.
These were compared between cohorts using χ2 test or Fisher’s exact test for categorical variables, and t test or
Wilcoxon rank-sum test for continuous variables.
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Figure 2. Study flow chart. †Valid first-line regimens were defined as bortezomib/dexamethasone (n = 1367),
lenalidomide/dexamethasone (n = 1106), lenalidomide/bortezomib/dexamethasone (n = 963),
cyclophosphamide/ bortezomib/dexamethasone (n = 552), steroid monotherapy (n = 479), other doublet (n = 307) and
other (n = 138).
ASCT: Autologous stem cell transplantation; MM: Multiple myeloma; NDMM: Newly diagnosed multiple myeloma;
No-Mt: No maintenance therapy; Len-Mt: Lenalidomide-only maintenance.

Median TTTD was calculated for the Len-Mt cohort based on the Kaplan–Meier method. Kaplan–Meier
and Cox proportional hazards models were performed to evaluate TTNT for both cohorts. Unadjusted p values
were based on log-rank tests. Adjusted p values and HRs were based on Cox proportional hazard models, with
sex, region, pulmonary embolism and pneumonia (all at baseline [i.e., within 365 days before index date]), and
thrombocytopenia (within 90 days post-ASCT) as covariates.

Generalized linear regression models with negative binomial distribution and log link function were used to
assess differences in costs, unadjusted and adjusted, as previously detailed.

Results
Study population
Of the 69,950 patients with a recorded MM diagnosis during the study period (from 1 January 2011 to 30
September 2016), 594 met the inclusion criteria (Figure 2). Of these, 297 (50.0%) received Len-Mt therapy, 233
(39.2%) received no maintenance therapy and 64 (10.8%) received another maintenance therapy (lenalidomide
with steroids; bortezomib with or without steroids; or thalidomide with or without steroids). Of the 297 patients
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Table 1. Baseline† demographics and clinical characteristics and comorbidities within 90 days post-autologous
hematopoietic stem cell transplantation.
Variable Len-Mt (n = 250) No maintenance (n = 233) p-value

Baseline

Age, mean ± SD (years) 58.5 ± 8.4 58.0 ± 8.5 0.52

Male 130 (52.0) 143 (61.4) 0.038

US geographic region: 0.0003

– South 129 (51.6) 78 (33.5)

– North central 55 (22.0) 58 (24.9)

– Northeast 42 (16.8) 48 (20.6)

– West 22 (8.8) 46 (19.7)

– Unknown 2 (0.8) 3 (1.3)

Health plan type: 0.40

– Health maintenance organization 25 (10.0) 20 (8.6)

– Preferred provider organization 151 (60.4) 138 (59.2)

– Point of service/other 51 (20.4) 60 (25.8)

– Comprehensive 23 (9.2) 15 (6.4)

Payer type: 0.66

– Commercial 190 (76.0) 181 (77.7)

– Medicare 60 (24.0) 52 (22.3)

Comorbidities‡:

– Liver, gallbladder or pancreatic disease 47 (18.8) 23 (9.9) 0.0053

Charlson Comorbidity Index, mean ± SD 5.2 ± 3.2 5.3 ± 3.4 0.52

Charlson Comorbidity Index group: 0.51

– 0 70 (28.0) 55 (23.6)

– 1–2 74 (29.6) 70 (30.0)

– 3–4 106 (42.4) 108 (46.4)

MM medical events of interest§:

– Pneumonia 31 (12.4) 46 (19.7) 0.028

– Pulmonary embolism 6 (2.4) 14 (6) 0.047

Comorbidities within 90 days post-ASCT:

– Anemia 138 (55.2) 144 (61.8) 0.14

– Neutropenia 87 (34.8) 92 (39.5) 0.29

– Thrombocytopenia 39 (15.6) 58 (24.9) 0.011

– Sleep disorders 16 (6.4) 18 (7.7) 0.57

– Renal disease excluding renal failure 12 (4.8) 14 (6.0) 0.56

– Renal failure/dialysis 9 (3.6) 9 (3.9) 0.88

– Liver, gallbladder or pancreatic disease 10 (4.0) 3 (1.3) 0.066

Data presented as n (%), unless otherwise stated.
†During the 365 days prior to the index date.
‡A total of 14 comorbidities were assessed; only those with a statistically significant difference are shown.
§A total of 19 MM medical events of interest were assessed; only those with a statistically significant difference are shown.
ASCT: Autologous stem cell transplantation; Len-Mt: Lenalidomide-only maintenance; MM: Multiple myeloma; SD: Standard deviation.

who received lenalidomide only, 47 received lenalidomide before the index date and were excluded from the present
study; 250 of the 297 (84.2%) patients who received Len-Mt after the index date were included in the study.

The two cohorts were similar in terms of age and payer type, but there were significantly fewer men in the Len-
Mt therapy cohort (p = 0.038) and significant variations were observed in the geographic distribution of patients
(Table 1). Although baseline Charlson Comorbidity Index score was similar in both cohorts, liver, gallbladder or
pancreatic disease was significantly more prevalent in the Len-Mt cohort (p = 0.0053; Table 1). MM medical events
of interest at baseline were generally similar between the two cohorts, although patients in the Len-Mt cohort were
significantly less likely to have pneumonia or pulmonary embolism (p = 0.028 and p = 0.047, respectively; Table 1).
In the 90-day period post-ASCT, the prevalence of liver, gallbladder or pancreatic disease had decreased and was no
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Figure 3. Kaplan–Meier graph of time to next treatment.
HR: Hazard ratio; NR: Not reached; TTNT: Time to next treatment.

longer significantly different between the two cohorts; however, significantly fewer patients in the Len-Mt cohort
had thrombocytopenia than those assigned to the no-maintenance cohort (p = 0.011; Table 1).

Mean ± SD duration from the start of the first-line regimen to ASCT (5.48 ± 1.4 months vs 5.47 ± 1.5
months; p = 0.9589) and from the index date to the end of follow-up (22.1 ± 11.8 months vs 21.0 ± 12.5
months; p = 0.14) was similar in the Len-Mt and no-maintenance therapy cohorts.

Duration of maintenance & time to treatment discontinuation
Median duration of maintenance therapy among all patients receiving Len-Mt therapy was 10.0 months. Median
TTTD using the Kaplan–Meier method was 21.02 months (95% CI: 16.8–25.8; data not shown). At the end of
the follow-up period, 96 patients receiving Len-Mt (38.4%) were still on maintenance therapy, 60 (24.0%) had
initiated a next-line regimen, 51 (20.4%) were in a treatment gap and 43 (17.2%) had been lost to follow-up.
Median duration of Len-Mt for each group was 15.5 months (still on maintenance), 7.5 months (initiated next
line), 4.8 months (treatment gap) and 13.0 months (lost to follow-up).

Time to next treatment
Patients in the Len-Mt cohort were less likely initiate a next-line treatment compared with those in
the no-maintenance cohort (24.0 vs 42.5%) and had significant longer TTNT (HR: 0.43; 95% CI:
0.31–0.60; p < 0.0001; Figure 3). The probability of receiving next-line treatment was lower in the Len-Mt
cohort compared with the no-maintenance cohort at each time point (12 months: 13.9 vs 39.2%; 24 months: 28.4
vs 45.2%; 36 months: 33.9 vs 53.8%).

Healthcare resource use & costs
Total adjusted healthcare costs were higher in the Len-Mt cohort than in the no-maintenance therapy cohort during
months 0–12, 12–24 and 24–36 (Figure 4). For example, during months 0–12, the mean costs in US dollars (USD)

4050 Future Oncol. (2019) 15(35) future science group



Real-world outcomes & costs of LEN maintenance Research Article

0

20,000

18,000

16,000

14,000

12,000

10,000

8000

6000

4000

2000

H
ea

lt
h

ca
re

 c
o

st
s 

(U
S

D
)

Len-Mt
n = 250

Len-Mt
n = 185

Len-Mt
n = 97

No-Mt
n = 233

No-Mt
n = 159

No-Mt
n = 79

0–12 months 12–24 months 24–36 months

p < 0.0001*

p = 0.0024*p < 0.0001*

USD 13,224
USD 13,753

USD 13,095

USD 8374
USD 7446

USD 8910

6%

14%

9%

17%

16%

13%

30%29%

66%
60%

60%

25%

51%

32%

54%

51%

36%

30%

Inpatient

Outpatient

Pharmacy

Figure 4. Mean monthly healthcare costs and differences (lenalidomide-only vs no maintenance) during 0–12,
12–24 and 24–36 months postindex date. Data are mean ± SD costs per patient per month (USD). Percentages are
rounded to the nearest unit.
*Calculated from generalized linear regression analysis with negative binomial distribution and log link function; for
multivariate analysis, sex, region, thrombocytopenia condition, pulmonary embolism and pneumonia were included
as covariates.
No-Mt: No maintenance; Len-Mt: Lenalidomide-only maintenance; SD: Standard deviation.

were USD 13,095 in the Len-Mt cohort and USD 8910 in the no-maintenance cohort (adjusted difference +USD
4514; p < 0.0001). However, individual monthly patient costs varied widely during all three periods. In addition,
any costs associated with disease progression were captured in total healthcare costs.

The increased cost in the Len-Mt cohort was largely due to higher mean pharmacy costs. On average, patients
in the Len-Mt cohort had three pharmacy claims each month compared with two claims in the no-maintenance
cohort (Supplementary Table 2). The pharmacy costs were mainly attributable to oral MM treatments. Pharmacy
costs in the no-maintenance cohort were attributable to steroids, thalidomide, bortezomib and lenalidomide among
others. These regimens were not considered maintenance treatment and were classed as next-line therapies; a total
of 99 patients in the no-maintenance cohort (42.5%) progressed to next-line therapies. However, patients in both
cohorts had fewer pharmacy claims for MM versus other oral medications (Supplementary Table 2).

Outpatient costs were significantly lower in the Len-Mt versus no-maintenance cohort during months 0–12
(USD 3761 vs USD 5360; adjusted difference USD 1708; p < 0.0001), mainly due to lower intravenous MM and
chemotherapy-related costs (Figure 4) and significantly lower pharmacy usage (p < 0.0001; Supplementary Table 2).
However, during months 12–24 and 24–36, outpatient costs and usage (Supplementary Table 2) were similar in both
cohorts. During months 0–12, most of the outpatient costs in both cohorts were due to physician visits or ancillary,
laboratory, radiology and surgery-related services, whereas intravenous MM treatments and chemotherapy-related
treatment comprised a larger proportion of outpatient costs during months 24–36 (Figure 4). However, more claims
were made for physician visits and ancillary, laboratory, radiology and surgery-related services than intravenous
MM treatments and chemotherapy-related regimens in both cohorts during all three periods (Supplementary Table
2). Emergency department costs accounted for a very small proportion of overall outpatient costs.
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Inpatient usages (Supplementary Table 2) were not significantly different between the two cohorts during all
three periods.

Discussion
In this retrospective observational study, patients with NDMM who received Len-Mt after ASCT achieved signif-
icantly longer TTNT (a proxy for disease progression) than those who received no maintenance therapy. Higher
pharmacy costs observed with Len-Mt (vs no maintenance as expected) were offset by significant reductions in
outpatient costs beyond 1 year.

This analysis revealed some compelling differences in demographic characteristics observed between patients
prescribed Len-Mt therapy compared with those who were not. More women received Len-Mt than no maintenance
(48.0 vs 38.6%, respectively; p = 0.038). Differences between geographic regions were also present. In the south,
more patients received Len-Mt than not (51.6 vs 33.5%, respectively), whereas this trend was reversed in the west
(8.8 vs 19.7%, respectively). No significant differences were observed in Len-Mt use by health plan or payer type.

Median duration of Len-Mt was 10 months, whereas median TTTD was 21 months, as calculated by Kaplan–
Meier. This is somewhat shorter than the median durations of Len-Mt reported in three RCTs (∼2–3 years) [8,9,13,18],
and the Connect MM Registry, which reported durations of 27.3 months [19] and 35.2 months, respectively [20].
This difference may be explained by the fact that the present analysis was conducted using administrative claims data
rather than registry data, as was done with the Connect MM Registry analyses [19,20]. Rules to determine treatment
discontinuation may also differ. Within registries, physicians may utilize breaks in maintenance therapy, which are
reflected in a registry database but not observed in claims datasets. Moreover, the duration of follow-up was longer
within the Connect MM Registry (39.3 months) [19,20] than the present administrative claims database study (22.1
months). The shorter median duration of Len-Mt and TTTD may reflect the patients in the maintenance therapy
cohort who were still receiving maintenance therapy after the end of the follow-up period.

Whether lenalidomide maintenance therapy should be used continuously or for a fixed period has been previously
highlighted [18]. Two retrospective analyses reported that longer durations of lenalidomide maintenance therapy after
ASCT were associated with significant improvements in PFS and OS [21,22], leading those study authors to suggest
that lenalidomide maintenance therapy should be continued for as long as it is tolerated or until disease progression.
Richardson et al. [18] also advocated the use of lenalidomide maintenance therapy after ASCT until progression as
standard of care for patients with NDMM, despite the increased risk of second primary malignancies [8–10,14,23],
because the net health benefits are significant.

The TTNT was significantly longer with Len-Mt versus no maintenance therapy (HR: 0.43; 95% CI: 0.31–
0.60; p < 0.0001). This real-world finding supports data from various RCTs, which have shown that lenalidomide
maintenance therapy has a positive impact on disease progression [8,9,12,13].

Data from the Connect MM Registry also suggest that Len-Mt therapy significantly improves PFS versus no
maintenance therapy [19,20,24].

Len-Mt therapy was associated with additional adjusted pharmacy costs (approximately USD 6000 PPPM) in
the current study. This finding is consistent with results from LeBlanc et al. [25], who conducted a cost analysis
from the perspective of the Canadian healthcare system in 2014 using clinical inputs from published trials.
They reported average costs of Canadian dollars (CAD) 131,765/year (∼USD 8700/month using March 2018
conversion values) for lenalidomide maintenance therapy after ASCT in Canada (based on drug, administration,
and pharmacy costs alone). They found that incorporating costs for treating adverse events, dose adjustments and
the treatment of second primary malignancies reduced this to CAD 108,085/year (∼USD 7100/month), primarily
due to cost-savings associated with dose reductions [25].

Two US studies examined the costs of lenalidomide maintenance therapy in patients with transplant-
ineligible NDMM [26,27]. Garrison et al. [26] used a Markov model and data from RCTs to estimate life-
time costs from the US payer perspective. Data from three trials were used comparing melphalan/prednisone
and melphalan/prednisone/bortezomib (VISTA) [28], melphalan/prednisone/thalidomide (IFM 99-06) [29] and
melphalan/prednisone/lenalidomide, with or without lenalidomide maintenance therapy (interim analysis of MM-
015) [30]. The total cost of lenalidomide maintenance therapy from this analysis was USD 248,358 [26]. However,
cost, life year and quality-adjusted life year outcomes for melphalan/prednisone/lenalidomide without maintenance
therapy were not reported, so the effect of adding lenalidomide maintenance to melphalan/prednisone/lenalidomide
was not examined. In a later modeling study, Kim et al. [27] used published MM-015 data [31] to estimate cost
outcomes for all three arms of the study. Although the addition of lenalidomide maintenance was estimated to
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increase the ‘average cumulative cost per patient’ by 1.8-fold compared with melphalan/prednisone/lenalidomide
and no maintenance therapy (USD 309,173 vs USD 167,862 [2011 USD]), the ‘average cumulative cost per
progression-free survivor’ was reduced by 55.6% (USD 690,111 vs USD 1,555,443).

Fonseca et al. [3] examined trends in the overall costs of treating patients with NDMM during 2000–2014. Using
data from the Truven Health Analytics MarketScan Commercial and Medicare Supplemental Databases, they
reported that total all-cause healthcare costs steadily increased during this time (from USD 3263 PPPM in 2000 to
USD 14,656 PPPM in 2014). Costs were mainly due to outpatient services (60% in 2000; 49% in 2014), followed
by hospitalizations (22 and 33%, respectively), and MM treatment-related drug costs (11 and 29%, respectively).
Therefore, although MM treatment-related drug costs considerably increased during the study (from USD 346
PPPM in 2000 to USD 4179 PPPM in 2014), they contributed less to the overall cost of healthcare among those
with NDMM than the total contributions of outpatient services and hospitalizations during the time studied. In
the present study, the overall cost was higher for patients receiving Len-Mt therapy, but this was mainly due to
increased pharmacy costs, with outpatient costs either lower than or similar to the no-maintenance cohort and
inpatient costs similar between both groups. It is important to note that the increased costs in the Len-Mt group
were associated with extended TTNT, reflecting reduced likelihood of initiating a new therapy due to progression.

A real-world analysis of medical records from five European countries (France, Germany, Italy, Spain and the
UK) showed that patients receiving lenalidomide maintenance therapy had longer time to disease progression (39
vs 30 months) and considerably lower mean PPPM costs compared with patients who did not (EUR 638 vs EUR
1001), reflecting lower costs for hospitalizations, healthcare professional visits and monitoring tests, although costs
for supportive drugs and other treatments were higher in those receiving maintenance therapy [32]. Notably, this
study also showed that 7% of patients with MM received maintenance therapy after ASCT, and, of those, 88%
received lenalidomide monotherapy as maintenance. Because lenalidomide has been established as an effective
maintenance treatment after ASCT [8,9,12,13] and in patients who are ineligible for ASCT [31], several lenalidomide-
based maintenance regimens are now under investigation (as reviewed by Richardson et al. [18]). Adding additional
treatments to lenalidomide maintenance therapy may increase its efficacy but doing so will also incur additional costs
and potentially increase the rate of toxicity. Therefore, further research into the costs of lenalidomide maintenance
therapy (with or without additional therapies) is warranted.

Limitations
Although the present study provides information on actual costs among real-world patients with NDMM who
have undergone ASCT, its retrospective, observational nature is a limitation. Many patients with MM who received
treatment were not included in the study due to lack of continuous enrollment for 6 months before their MM
diagnosis and after their index date. The requirement for evidence of ASCT after first-line treatment also resulted
in a reduction of the number of patients who were eligible for inclusion in this study (Figure 2). It should also
be noted that a third of patients who were included in the present study contributed to the cost data for months
24–36.

Any economic inferences made from claims records depend on the accuracy of coding. Because the reasons
for receiving treatment are not included in the claims database, it is possible that some patients may have been
incorrectly classified as receiving Len-Mt or no maintenance therapy. Factors that affect clinical care are not available
in the claims database, and proxies were used to indicate disease progression (e.g., changes in therapy). Therefore,
the present TTNT results are not necessarily comparable with PFS data reported in RCTs. However, it is likely
that the TTNT data presented here reflects RCT outcomes in terms of PFS. Moreover, claims database analyses
represent paid claims and do not include out-of-pocket costs incurred by patients. As these would vary depending
on an individual patient’s insurance benefit (i.e., deductible, coinsurance vs copay structure) and would not include
other expenses such as those associated with travel to receive treatment, these analyses may not necessarily represent
the complete cost of treatment.

Although patients from across the USA were included, these results may not be generalizable to the entire US
population. Furthermore, only patients with commercial health insurance or Medicare coverage who were included
in the Truven MarketScan database were included. Because no patients covered by Medicaid were included, our
results may not be applicable to this population. Given the differences in healthcare systems across the world, these
results may not be applicable to other countries.
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Conclusion
Using a US claims database, this study examined real-world data on Len-Mt therapy to understand its effectiveness
outside the RCT setting. Patients with NDMM who received Len-Mt treatment remained on therapy for ≥1 year
after ASCT and had significantly prolonged TTNT compared with those who received no maintenance therapy.
They were also less likely to experience disease progression within the study period. This improvement in outcome
was offset by significantly higher overall costs, mainly due to increased pharmacy costs. However, patients receiving
Len-Mt therapy had significantly lower outpatient costs during the first year after ASCT compared with those who
did not receive maintenance therapy. The higher outpatient costs in the no-maintenance therapy cohort may be
driven by the need for next-line regimens in a higher proportion of patients. Additional follow-up is required to
more accurately assess the cost of Len-Mt treatment over a prolonged period of time.

Summary points

• Treatment options for patients with newly diagnosed multiple myeloma include: primary therapy with multidrug
regimens, autologous stem cell transplantation for eligible patients and maintenance therapy.

• The clinical benefits of maintenance therapy after autologous stem cell transplantation are clear, but real-world
evidence is lacking.

• This claims database study showed that patients receiving lenalidomide-only maintenance therapy remained on
therapy for >1 year (median 15.5 months) had a longer time to next treatment, and were less likely than patients
receiving no maintenance therapy to experience disease progression within the study time period.

• The significant improvement in outcomes seen with lenalidomide-only maintenance therapy was associated with
increases in overall and pharmacy costs during months 0–12, 12–24 and 24–36, but outpatient costs were lower
during months 0–12 when compared with patients receiving no maintenance therapy.

• Additional follow-up is required to assess total healthcare costs in subsequent years.
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