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KABSTRACT

The outlook for transplant-ineligible multiple myeloma pa-
tients hasimproved enormously over recent years with the in-
corporation of new agents into standard regimens. Novel
regimens combine melphalan and prednisone (MP) with bort-
ezomib (VMP), with thalidomide (MPT), and with lenalido-
mide with (MPR-R) and without (MPR) lenalidomide
maintenance. The efficacy, safety, and cost-effectiveness of
theseregimens have notyet been compared; therefore, we
conducted a pharmacoeconomic analysis using data from
randomized controlled trials versus MP.

Using a Markov model developed from a U.S. payer’s per-
spective, we compared VMP with MPT and MPR-R over a
lifetime horizon. MPT and MPR-R were chosen because,
like VMP, they are superior to MP in response and out-
comes. Datafromthe Velcade as Initial Standard Therapyin
Multiple Myeloma (VISTA; VMP), Intergroupe Francophone

duMyelome (IFM)99-06 (MPT), and MM-015 (MPR-R) trials
were used. The IFM 99-06 study was selected because of the
superior activity in this study compared with other MPT stud-
ies. Using patient-level (VMP) and published (MPT, MPR-R)
data, we estimated the health-state transition and adverse
event probabilities for each regimen, related costs, and state-
specific utility estimates. Costs (in 2010 U.S. dollars) and
health outcomes were discounted at 3%.

Discounted lifetime direct medical costs were lowest with
VMP at $119,102. MPT cost $142,452 whereas MPR-R cost
$248,358. Incremental cost-effectiveness ratio calculations
projected that VMP would confer cost savings and better
health outcomes relative to MPT and MPR-R. We conclude
that VMP is highly likely to be cost-effective compared with
MP, MPT, and MPR-R. The Oncologist 2013;18:27-36

Implications for Practice: There is a growing number of treatment options available for previously untreated, transplant-
ineligible multiple myeloma patients, based on the combination of melphalan and prednisone (MP) with bortezomib (VMP),
thalidomide (MPT), or lenalidomide plus lenalidomide maintenance (MPR-R). These regimens confer substantial improve-
ments in patient health outcomes compared with MP. However, they are also associated with higher costs than MP. With
limited healthcare budgets, itis important to determine the most cost-effective treatment option. This paper presents the
first published analysis of the potential cost-effectiveness of these regimens based on efficacy and safety data from ran-
domized clinical trials. The findings show that VMP is projected to provide cost savings compared to MPT and MPR-R, and to
be a cost-effective treatment option compared to MP, MPT, or MPR-R in previously untreated, transplant-ineligible multi-
ple myeloma patients when managed withinthe U.S. healthcare system. These findings support the recommendation to use
VMP for this patient population.
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Cost-Effectiveness of VMP, MPT, and MPR-R for MM

INTRODUCTION

The therapeutic landscape of multiple myeloma (MM) has
changed in recent years, with the introduction of bortezomib
(Velcade; Millennium Pharmaceuticals, Inc., Cambridge, MA),
thalidomide (Thalomid; Celgene Corp., Summit, NJ), and lena-
lidomide (Revlimid; Celgene Corp., Summit, NJ) into routine
clinical use. These therapies have been associated with com-
pelling improvements in patient outcomes [1, 2], and have re-
sulted in the introduction of novel three- and four-drug
combination regimens to treat patients with previously un-
treated or relapsed or refractory MM.

The novel-agent-based regimens, which are recognized in
current treatment guidelines for previously untreated, trans-
plant-ineligible MM patients in the U.S. [3] and Europe [4],
combine melphalan and prednisone (MP) with one or more
new agents; recommended regimens include MP plus bort-
ezomib (VMP), thalidomide (MPT), and lenalidomide with
(MPR-R) and without (MPR) lenalidomide maintenance. Lena-
lidomide, bortezomib, thalidomide, and thalidomide—pred-
nisone are recommended for maintenance [3]. These recom-
mendations are based on current evidence from several
randomized phase Il studies comparing MP with VMP, MPT,
MPR, and MPR-R in patients with previously untreated MM
[5-15].

The U.S. National Comprehensive Cancer Network cur-
rently identifies VMP, MPT, and MPR as category 1 recom-
mendations for previously untreated, transplant-ineligible
patients with MM [3]. Similarly, VMP and MPT were given
grade Arecommendations for elderly MM patientsinarecent
European consensus statement, whereas MPR received a
grade Brecommendation on the basis of level lla evidence [4].
Arecent position paper fromthe European Myeloma Network
also recommended VMP and MPT for first-line treatment of
transplant-ineligible patients [16]. However, despite essen-
tially similar recommendationsin Europe and the U.S., the use
of these regimens varies by region.

Overall response rates and outcomes with novel-agent-
based regimens that have a demonstrated survival benefit
over MP are shown in Table 1. The Velcade as Initial Standard
Therapy in Multiple Myeloma (VISTA), Intergroupe Franco-
phone du Myelome (IFM) 99-06, and MM-015 trials were
chosen for inclusion in this analysis based on the survival ben-
efitconferred over MP as described below. Long-term survival
data were recently presented for the VISTA trial in transplant-
ineligible patients and indicate that VMP is associated with a
13.3-month benefit in the median survival time, compared
with MP (56.4 months versus 43.1 months; p = .0004) [17]. Six
phase Il trials have compared MPT with MP in patients with
previously untreated MM [5-7, 9, 10, 14, 15]; however, only
three demonstrated a significant survival advantage for MPT
over MP: the IFM 99-06 trial, involving patients aged <75
years [6]; the IFM 01/01 trial, involving patients aged >75
years [7]; and the Dutch-Belgian Hemato-Oncology Coopera-
tive Group 49 study in patients aged >65 years [15]. It should
be noted that crossover from the MP arm to a novel-agent-
based regimen at relapse may explain the lack of survival ben-
efit versus MP in three of the MPT studies. Other factors that
could have affected the outcome include the potential for a
more resistant relapse with thalidomide and its toxic effects,
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which contribute to toxic deaths, patient withdrawals, and
dose reductions. Two recent large meta-analyses, which in-
cluded the IFM 99-06 and IFM 01/01 trials, demonstrated
better progression-free survival (PFS) and overall survival (OS)
outcomes with MPT than with MP [18, 19]. The IFM 99-06
trial was chosen because that study produced the most favor-
able outcomes of all available MPT versus MP studies, and
therefore provided the most conservative comparison with
VMP and MPT.

The international MM-015 trial reported results for the
primary comparison of MP with MPR-R as well as the second-
ary comparison of MPR with MPR-R[11, 12, 20]. Those results
showed that the PFS interval was significantly longer with
MPR-R than with MP (p < .001) [11]; however, an OS advan-
tage for MPR-R has not been established [20]. Because there
have been no data indicating that MPR without maintenance
provides any survival benefit over MP, MPR was excluded
from our analysis and MPR-R was chosen for comparison with
MP.

The substantial improvement in patient health outcomes
conferred by VMP, MPT, and MPR-R is, however, associated
with a higher cost than with MP. Because these regimens are
increasingly being used in clinical practice, comparing the
cost-effectiveness of each combination to determine the best
partner for MP becomes even more important. Thus, a de-
tailed pharmacoeconomic analysis was conducted to esti-
mate the incremental cost-effectiveness of VMP versus MPT
and VMP versus MPR-R as therapy for previously untreated
transplant-ineligible MM patients using outcome data from
the VISTA, IFM 99-06, and MM-015 trials. The available data
from the VISTA study allowed a direct comparison between
VMP and MP, whereasthe IFM 99—-06 and MM-015 studies fa-
cilitated indirect comparisons between VMP and MPT and be-
tween VMP and MPR-R. Patient-level data from the VISTA trial
database were used for the VMP regimen, whereas published
trial data were used for the MPT and MPR-R regimens.

MATERIALS AND METHODS

Cost-Effectiveness Model

An Excel-based Markovmodel fromthe U.S. payer perspective
was developed using available clinical trial and published data
to compare VMP with MPT and with MPR-R using data from
the VISTA, IFM 99-06, and MM-015 studies. Results are pre-
sented for a 20-year patient time horizon as the base case,
aiming to reflect a maximal remaining lifetime. A review of
good practice guidelines for decision-analytic modeling indi-
cates that lifetime horizons are appropriate for most models,
particularly Markov models [21].

The VISTA trial was a randomized, multicenter, interna-
tional, open-label, phase Il study involving previously un-
treated MM patients ineligible for stem cell transplantation
who received either MP (n = 338) or VMP (n = 344) [13]. Pa-
tients received nine 6-week cycles of MP (9 mg/m? melphalan
and 60 mg/m? prednisone on days 1-4) with or without bort-
ezomib at a dose of 1.3 mg/m? twice weekly (days 1, 4, 8, 11,
22,25,29,and 32 incycles 1-4) then weekly (days 1, 8,22, and
29 in cycles 5-9). The primary endpoint was time to disease
progression; secondary endpoints included the complete re-
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Garrison, Wang, Huang et al. 29
Table 1. Response rates and outcomes in phase lll trials of VMP, MPT, and MPR-R versus MP
VISTA IFM IFM Meta-analysis Meta-analysis
[13,17] 99-06 [6] 01/01(7] [18] [19] MM-015 [12]
Outcome VMP MP MPT MP MPT MP MPT MP MPT vs MP MPR-R MP
ORR,* % 71% 35% 76% 35% 62% 31% NR NR 3.39° 77% 49%
CR, % 30% 4% 13% 2% 7% 1% NR NR NR 18% 5%
Median TTP, mos 24 16.6 NR NR NR NR NR NR NR NR NR
Hazard ratio (p-value) 0.48 (< .001) 0.56 (.001) NR NR NR NR
Median PFS, mos NR NR 27.5 17.8 24.1 185 20.4 14.9 NR 31 13
Hazard ratio (p-value) NR 0.45 (< .0001) 0.62 (=.001) 0.67 0.68(<.001) 0.398 (< .0000001)
Median 0S, mos 56.4 43.1 516 33.2 44 29.1 39.3 327 NR NR NR
Hazard ratio (p-value) 0.695 (.0004) 0.56 (.002) 0.68 (.028) 0.82 0.80(.07) NR
Subsequent bortezomib, % 22% 43% 13% 2% 31% 33% NR NR NR NR NR
Subsequent thalidomide, % 30% 36% 18% 44% 22% 63% NR NR NR NR NR

#Complete plus partial response, assessed by European Group for Blood and Marrow Transplantation criteria.

®Pooled odds ratio in favor of MPT.

Abbreviations: CR, complete response; IFM, Intergroupe Francophone du Myelome; MM, multiple myeloma; MP, melphalan and prednisone; MPR-
R, MP plus lenalidomide with lenalidomide maintenance; MPT, MP plus thalidomide; NR, not reported; ORR, overall response rate; OS, overall
survival; TTP, time to progression; VISTA, Velcade as Initial Standard Therapy in Multiple Myeloma; VMP, bortezomib plus MP.

sponse (CR) rate, duration of response, time to next MM ther-
apy, and OStime. Patient-level data from the trial prior toJune
15, 2007 were analyzed for the study.

The IFM 99—-06 trial was arandomized, multicenter, phase
Il study comparing MPT (n = 125) with MP (n = 196) in previ-
ously untreated patients aged 65-75 years and younger pa-
tients who were ineligible for high-dose treatment [6].
Patients received 12 6-week cycles of MP (0.25 mg/kg mel-
phalan and 2 mg/kg prednisone on days 1-4) with or without
thalidomide. Thalidomide was given continuously, initially ata
dose of 200 mg/day; in the absence of severe adverse effects,
the dose was increased to 400 mg/day after 2 to 4 weeks. The
primary endpoint was the OS time, whereas secondary end-
points included the response rate, PFS interval, survival dura-
tion after progression, and toxicity. Data were taken from the
published results of this study.

In the randomized, double-blind, multicenter, interna-
tional MM-015 study, previously untreated patients aged
=65 years received MPR (n = 153), MPR-R (n = 152), or MP
(n = 154) [11]. As previously mentioned, VMP was only com-
pared with MPR-R in this analysis as a result of the lack of evi-
dence of superiority of MPR over MP. Patients received nine
4-week cycles of MP (0.18 mg/kg melphalan and 2 mg/kg
prednisone on days 1-4) plus lenalidomide (10 mg on days
1-21) followed by lenalidomide maintenance (10 mg/day on
days 1-21 of 4-week cycles) that continued until disease pro-
gression. Patients progressing in any arm were subsequently
treated with lenalidomide at a dose of 25 mg/day (with or
without dexamethasone) in an open-label extension or fol-
low-up phase. The primary endpoint was the PFSinterval; sec-
ondary endpoints included the OS time, time to progression,
response rate, time to response, response duration, and time
to next MM therapy. Data were taken from aninterim analysis
presented at the 2009 Annual Meeting of the American Soci-
ety of Hematology [11].

Simulations were performed for hypothetical cohorts of
previously untreated transplant-ineligible MM patients with
an average age of 70 years at treatment initiation. The model
included seven mutually exclusive Markov health states, in-

www.TheOncologist.com

cluding: stable disease/minimal response (SD/MR), partial re-
sponse (PR), CR, treatment-free (TF) interval for VMP and MPT
or lenalidomide maintenance treatment with MPR (TF/MT),
progressive disease (PD), second-line therapy (SL), and death
(Fig. 1). Patient cohorts entered the modelinthe SD/MR state.
Insubsequent monthly cycles, patients moved to their best re-
sponse state (PR or CR) or remained in SD/MR until they dis-
continued treatment, progressed, or died. Patients in SL
received at most 6 months of second-line MM treatment.

Health outcomes, as indicators of the effectiveness of
therapy, were expressed in life years (LYs) and quality-ad-
justed LYs (QALYs). LYs represent the difference in survival
time gained by undergoing the specified treatment, whereas
the QALY combines both the quantity and quality of the addi-
tional LYs conferred by the intervention. Quality of life assess-
ments over time were used to estimate a utility value for each
health state. Utilities are measured on an interval scale with
zeroreflecting states of health equivalentto deathand onere-
flecting perfect health. Incremental cost-effectiveness ratios
(ICERs) were calculated for VMP compared with MPT and with
MPR-R over a patient lifetime horizon of 20 years.

Model Inputs

Model inputs included treatment efficacies (or transition
probabilities of moving from one health state to the next),
treatment-related adverse event (AE) probabilities, costs, and
state-specific utilities.

Transition Probabilities
For VMP and MP, health state transition probabilities were es-
timated from patient-level VISTA trial data [8, 13] using sur-
vival analysis methods. For MPT, the transition probabilities
were estimated by adjusting the hazard ratios (HRs) for MP
from the VISTA trial by the HRs for MPT versus MP from the
IFM 99-06 trial [6]. For MPR-R, transition probabilities were
estimated from presented results from the MM-015 trial [11].
Based on published data, the MPT versus MP HR for the
PFS outcome was set to 0.51 and that for the OS outcome was
setto0.59[6]. For MPR-R, the HR for the PFS outcome was set
t00.499 and that for the OS outcome was set to 1 as a result of
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First-line CR
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Figure 1. Markov model schema. Transition to the absorbing
state “death” is possible from all health states.

Abbreviations: AE, adverse event; CR, complete response;
MR, minimal response; MT, maintenance treatment; PD, pro-
gressive disease; PR, partial response; SD, stable disease; SL, sec-
ond-line therapy; TF, treatment-free interval.

the lack of survival benefit with MPR-R over MP observed in
the MM-015 trial [11].

Treatment-Related AEs

For VMP and MP, AE probabilities were estimated from pa-
tient-level VISTA trial data [8, 13] using Poisson regressions.
For MPT, AE probabilities were estimated by adjusting the
probabilities for MP from the VISTA trial [8, 13] using cumula-
tive incidence ratios for MPT versus MP from the IFM 99—-06
trial [6], whereas AE probabilities for MPR-R were estimated
from presented results from the MM-015 trial [11].

Resource Use and Costs

Costs included per-protocol drug and medical costs, treat-
ment-related AE management costs, resource use, and sec-
ond-line treatment. Unit costs were obtained from the
published literature.

Drug, medical, and treatment-related AE management
costsforeachregimen are showninTable 2. For VMP, costs in-
cluded i.v. drug administration and hydration for bortezomib
and prophylaxis for herpes zoster (valacyclovir). Because MPT
and MPR-R are oral regimens, no drug administration costs
were necessary. Medical costs for MPT included deep vein
thrombosis or pulmonary embolism prophylaxis (low-dose as-
pirin, low-molecular-weight heparin, or warfarin), whereas
neutropenia prophylaxis (G-CSF) was included for MPR-R.

The costs of resource use during the off-treatment states
(TFand PD)areshowninTable 3. Eight types of resources were
considered: emergency room, hospice care, inpatient care, in-
patient care plus chemotherapy, intensive care unit, labora-
tory department, palliative care unit, and physician or clinic
visit.

The monthly drug and medical costs of second-line
treatment were estimated from the results of a budget im-
pact model that compared the resource use of four
approved therapies for relapsed MM (bortezomib, bort-
ezomib plus pegylated liposomal doxorubicin, lenalidomide
plus dexamethasone, and thalidomide plus dexamethasone)
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(Millennium Pharmaceuticals, Inc. data on file). Per-patient
per-month drug and medical costs were $6,881 and $2,795,
respectively.

Both cost and health outcomes were discounted at 3%,
and all costs were adjusted to represent 2010 U.S. dollars.

Utilities

State-specific utility estimates were derived from patient-
level EQ-5D (EuroQol Group, Rotterdam, The Netherlands)
datafromthe VISTA trial using U.S.-specific weights. On-treat-

ment state (SD/MR, PR, CR) utilities were also adjusted by the
utility impact of experiencing treatment-related AEs.

Sensitivity Analyses

One-way sensitivity analyses were performed for the VMP
versus MPT study and for the VMP versus MPR-R study by
varying key model inputs from their 95% confidence interval,
if available, or =50%. These analyses assessed the general ro-
bustness of model findings and identified key drivers. Proba-
bilistic sensitivity analyses were also conducted.

RESULTS

Patients

Table 4 shows the patient baseline demographic and disease
characteristics and the response rates to the study regimens.
The median ages were 71 years in both treatment groups of
the VISTA study and 71 years in the MPR-R and 72 years in the
MP groups of the MM-015 study. Median age was not re-
ported for the IFM 99—-06 study, although 40% and 43% of pa-
tients were aged =70 years in the MPT and MP treatment
groups, respectively. The MM-015 and IFM 99-06 trials had
fewer patients aged =75 years (MPR-R/MP, 24%/25%) and
=70 years (MPT/MP, 40%/43%) than did the VISTA study
(VMP/MP, 31%/30% and 63%/62%, respectively). In addition,
the MM-015 population had more patients with stage Ill dis-
ease (MPR-R/MP, 49%/51%) than did the VISTA (VMP/MP,
35%/34%) or IFM 99—-06 (MPT/MP, 29%/30%) populations.
Within each study, the patient populations were well bal-
anced with respect to the MP control.

Costs

Discounted 20-year lifetime direct medical costs were lowest
for MP at $63,294, were $119,102 for VMP, were $142,452 for
MPT, and were highest for MPR-R at $248,358 (Table 5). Both
drug and treatment-related AE costs were highest with
MPR-R, at $132,215 and $63,980 (primarily because of neu-
tropenia), respectively, whereas these costs were substan-
tially lower with VMP ($39,754 and $22,055, respectively) and
MPT (556,435 and $32,638, respectively) and lowest with MP
(5728 and $14,552, respectively). Of note, the proportions of
total costs attributable to drug costs were ~58%, ~65%, and
~83% for VMP, MPT, and MPR-R, respectively.

Cost-Effectiveness

Model base case results for the incremental cost-effective-
ness of VMP relative to MPT and MPR-R over a 20-year lifetime
horizon are shown in Table 6. The estimated OS duration was
4.187 years with VMP, compared with 2.864 years with MP,
4.140 years with MPT, and 3.409 years with MPR-R. Model-
simulated OS curves for VMP, MP, MPT, and MPR-R are shown
in supplemental online Figure 1. VMP was cost-saving com-
pared with both MPT and MPR-R: compared with MPT, VMP
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Table 2. Monthly drug, medical, and AE management costs for on-treatment states (SD/MR, PR, CR)
Cost per patient per month
Management VMP MP MPT MPR-R
Per-protocol drug S4,464 $108 $6,090 $6,972
Per-protocol medical $960 $123 S478 $1,045
Evaluation and management $267 $48 $48 $48
Drug administration $430 S0 S0 S0
Hydration $54 $0 S0 S0
Laboratory tests $75 $75 $75 $75
Prophylaxis $134 S0 $354 $922
Total AE management $2,476 $2,165 $3,522 $4,491
Individual AE management
Anemia $128 $272 $267 $360
Asthenia/fatigue S6 S2 S2 $3
Cardiac events, including heart failure S16 $10 $30 S0
Deep vein thrombosis $27 $20 $59 S41
Edema S0 S0 S0 S0
Gastrointestinal symptoms $39 S6 $24 No
Herpes zoster S0 S0 S0 S0
Hyperglycemia $0 $3 S0 $0
Infections $286 $192 $266 $230
Neutropenia $1,586 $1,431 $2,621 $3,339
Peripheral neuropathy $18 S0 S5 SO
Rash S4 $1 $0 $5
Renal failure $70 $52 S0 S0
Thrombocytopenia $296 $178 $248 $513

Abbreviations: AE, adverse event; CR, complete response; MP, melphalan and prednisone; MPR-R, MP plus lenalidomide with lenalidomide
maintenance; MPT, MP plus thalidomide; MR, minimal response; PR, partial response; SD, stable disease; VMP, bortezomib plus MP.

Table 3. Monthly cost of resource use for off-treatment
states (TF, PD)

Cost per patient

per month
Resource use TF PD
Emergency room SO o)
Hospice care S0 s1
Inpatient care $42 $270
Inpatient care plus chemotherapy $145 $455
Intensive care unit S35 $107
Laboratory department® S0 S0
Palliative care unit S3 S2
Physician or clinic visit S2 S2
Total $228 $837

#Includes costs for CBC, M-protein quantification, and
comprehensive metabolic panel.
Abbreviations: PD, progressive disease; TF, treatment-free interval.

cost ~16% less and provided 0.043 additional QALYs; compared
with MPR-R, VMP cost ~50% less and provided 0.566 more
QALYs. The ICERs indicated that, relative to MP, VMP cost
$42,169 per LY gained and $59,076 per QALY gained. VMP con-
ferred cost savings relative to both MPT and MPR-R. Thus, VMP is
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projected to be cost-effective when compared with MP and to be
cost-saving and have better health outcomes when compared
with MPT and MPR-R. The incremental cost-effectiveness of
VMP relative to MP, MPT, and MPR-R over a 10-year time horizon
is shown in supplemental online Table 1 and is similar to the 20-
year horizon results.

Sensitivity Analyses

Table 7 shows the sensitivity analyses of the cost-effective-
ness of VMP compared with MPT and MPR-R. These one-way
sensitivity analyses supported the general robustness of the
modelfindings. The key driversinthe one-way sensitivity anal-
yses of VMP versus MPT were the MPT versus MP HRs for the
OS outcome, treatment-free interval, progression rate, and
survival time after progression. For the one-way sensitivity
analyses of VMP versus MPR-R, the MPR-R versus MP HR for
the OS outcome was identified as the key driver.

In contrast to the data for VMP and MPT, which were ma-
ture with long follow-up at the time of this analysis (3 years for
the VISTA study and 4 years for the IFM 99-06 study), the
MPR-R data were immature, with only minimal follow-up in-
cluded in the analysis (9 months), and the HR was not statisti-
cally different for the OS outcome. We found that, at a
threshold of $100,000 per QALY, MPR-R only became cost-
effective at an HR =0.24, when compared with MP.

Using the generally accepted cost-effectiveness range of
$50,000-5100,000 per QALY, the probabilistic sensitivity
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Table 4. Baseline demographic and disease characteristics of patients in the VISTA, IFM 99-06, and MM-015 trials

VISTA [13] IFM 9906 [6] MM-015[11]

Characteristic, n (%) VMP (n = 344) MP (n = 338) MPT (n = 125) MP (n = 196) MPR-R (n = 152) MP (n = 154)
Age =75yrs 107 (31) 101 (30) NR NR NR (24)? NR (25)?
Age =70yrs 215 (63) 208 (62) 50 (40) 84 (43) NR NR
Female 169 (49) 172 (51) 62 (50) 87 (44) NR NR
ISS stage

I 64 (19) 64 (19) 38/112(34) 61/182(34)  NR(18) NR (18)

I 161 (47) 159 (47) 42/112 (38) 67/182(37)  NR(33) NR (31)

1] 119 (35) 115 (34) 32/112(29) 54/182(30)  NR(49) NR (51)
IgA isotype 84 (24) 89 (26) 25 (20) 43 (22) NR NR
Bone lesions 224 (65) 222 (66) NR NR NR NR
Albumin <35 g/L 202 (59)° 210 (62)° 24 (19) 45 (23) NR NR
B,-microglobulin =3.5mg/L 221 (64)° 210 (62)° 69/112 (62) 110/182 (60)  NR NR
Creatinine =20 mg/L 10 (3)° 3(1)P 11/124 (9) 13 (7) NR NR
Calcium =105 mg/L 16 (5)° 15 (4)° 17 (14) 40 (20) NR NR

#Age >75 years.

®Includes additional data presented at the American Society of Hematology 2009 annual meeting (Wang ST et al., abstract 1379) that was not
published in San Miguel et al. [13].

Abbreviations: IFM, Intergroupe Francophone du Myelome; ISS, International Staging System; MM, multiple myeloma; MP, melphalan and
prednisone; MPR-R, MP plus lenalidomide with lenalidomide maintenance; MPT, MP plus thalidomide; NR, not reported; VISTA, Velcade as Initial
Standard Therapy in Multiple Myeloma; VMP, bortezomib plus MP.

Table 5. Discounted 20-year lifetime direct medical costs

Incremental Incremental Incremental
Cost VMP MP (VMP - MP) MPT (VMP - MPT) MPR-R (VMP — MPR-R)
On treatment $70,363 $16,109 $54,254 $93,504 —$23,142 $206,051 —$135,688
Drug $39,754 $728 $39,026 $56,435 —$16,681 $132,215 —$92,461
Medical $8,553 $829 $7,724 $4,431 $4,122 $9,856 $1,303
Treatment-related AEs® $22,055 $14,552 $7,504 $32,638 —$10,582 $63,980 —$41,924
TF $2,454 $1,421 $1,033 $2,092 $362 - -
PD $4,109 $4,400 —$291 $4,214 —$105 $4,284 —$175
SL $42,177 $41,364 $813 $42,642 —$465 $38,023 $4,154
On treatment $37,208 $38,593 —$1,386 $37,559 —$351 $35,067 $2,141
Total $119,102 $63,294 $142,452 $248,358

?AEs considered were: anemia, asthenia or fatigue, cardiac events (including heart failure), deep vein thrombosis, edema, gastrointestinal
symptoms, herpes zoster, hyperglycemia, infections, neutropenia, peripheral neuropathy, rash, renal failure, and thrombocytopenia.
Abbreviations: AEs, adverse events; MP, melphalan and prednisone; MPR-R, MP plus lenalidomide with lenalidomide maintenance; MPT, MP plus
thalidomide; PD, progressive disease; SL, second-line therapy; TF, treatment-free interval; VMP, bortezomib plus MP.

analyses were consistent with the deterministic analyses. Ata
relatively low willingness-to-pay threshold of $50,000 per
QALY, the probability of VMP being cost-effective compared
with MP was 20.4%. But at a threshold of $100,000 per QALY,
the probability was virtually 100%.

DiscussioN

The expansion of treatment options for MM since 2005 has
yielded substantial improvement in patients’ expected sur-
vival times and has created a much broader range of options
for clinicians and patients. These multidrug regimens are,
however, more costly, and this raises questions about their
cost-effectiveness. This analysis, projecting outcomes over a
20-year horizon, confirms that these regimens are superior to
the MP-based regimen in terms of response rates and OS
times. Because no direct head-to-head trials are available, this
analysis used indirect comparison methods. We found that
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the incremental cost of adding bortezomib to the MP base is
lower than that of adding either thalidomide or lenalidomide.
Hence, our projections indicate that the VMP regimen is not
only cost-effective relative to MPT and MPR-R but it is cost-
saving. From a pharmacoeconomic payer perspective, VMP
would, therefore, be the preferred first-line treatment option
for the typical elderly MM patient.

Although adding bortezomib to the MP regimen clearly
raises costs, our results suggest that the additional LYs gained
justify the greater drug costs. This analysis projects a gain of
1.32 LYs— or about 0.95 QALYs over the patient’s remaining
lifetime. At an additional cost of about $56,000, the cost-ef-
fectiveness ratios are ~$42,000 per LY gained and $59,000
per QALY gained. These are far below the cost-effectiveness
ratios of other chemotherapeutic agents in common use [22,
23]. The projected incremental LYs and incremental QALYs

O%ecologist“



Garrison, Wang, Huang et al.

83

Table 6. Cost-effectiveness of VMP versus MP, VMP versus MPT, and VMP versus MPR-R over a 20-year lifetime horizon

Measure VMP MP VMP-MP  MPT VMP - MPT MPR-R VMP - MPR-R
Discounted outcome
Cost $119,102  $63,294  $55,808 $142,452  —$23,350 $248,358  —$129,256
LYs 4.187 2.864 1.323 4.140 0.047 3.409 0.778
QALYs 2.994 2.049 0.945 2.951 0.043 2.428 0.566
Incremental cost-effectiveness ratio
(versus VMP)
Incremental cost per LY - - $42,169 - VMP costsaving  — VMP cost saving
Incremental cost per QALY - - $59,076 - VMP costsaving - VMP cost saving

Abbreviations: LY, life year; MP, melphalan and prednisone; MPR-R, MP plus lenalidomide with lenalidomide maintenance; MPT, MP plus

thalidomide; QALY, quality-adjusted life year; VMP, bortezomib plus MP.

Table 7. Sensitivity analyses on cost-effectiveness of VMP versus MPT and MPR-R

Parameter value®

Cost per QALY gained
(base case = VMP cost saving)

Measure Low High Low High
MPT monthly drug cost $3,045 $9,135 $112,996 (VMP) VMP cost saving
MPT versus MP hazard ratio for
Overall survival 0.460 0.810 $74,998 (MPT) VMP cost saving
TF 0.455 1.364 $389,146 (MPT) $2,544 (VMP)
PD 0.326 0.978 $667,477 (MPT) VMP cost saving
Overall survival after PD 0.425 1.276 $1,923,181 (MPT) VMP cost saving
MPR-R monthly drug cost® $3,486 $10,457 VMP cost saving VMP cost saving
MPR-R versus MP hazard ratio for
Overall survival 0.000 1.500 $43,450 (MPR-R) VMP cost saving
PFS before cycle 9 0.500 1.500 VMP cost saving VMP cost saving
PFS after cycle9 0.330 0.755 VMP cost saving VMP cost saving
Second-line therapy 0.243 0.559 VMP cost saving VMP cost saving

?Low and high parameter values were determined by varying key model inputs from their 95% confidence intervals, if available, or =50%.

PFirst-line (i.e., not maintenance) treatment cost.

Abbreviations: MPR-R, melphalan and prednisone plus lenalidomide with lenalidomide maintenance; MPT, melphalan and prednisone plus
thalidomide; PD, progressive disease; PFS, progression-free survival; QALY, quality-adjusted life years; TF, treatment free interval; VMP,

bortezomib plus melphalan and prednisone.

with VMP are somewhat higher (0.047 and 0.043) than with
MPT and much higher (0.778 and 0.566) than with MPR-R. Be-
cause the mean incremental costs are less for VMP in these in-
direct comparisons (i.e., ~$23,000 less than with MPT and
$129,000 less than with MPR-R), the results suggest that the
VMP regimen would be considered a “dominant” treatment.
From a cost-effectiveness perspective, lenalidomide mainte-
nance therapy provided minimal benefit in this patient popu-
lation, primarily as a result of the absence of any survival
advantage with the MPR-R regimen. If, however, as data from
the MM-015 trial mature, a significant survival benefit for
MPR-R over MP becomes apparent, a re-estimation of the in-
cremental cost-effectiveness of VMP versus MPR-R would be
warranted.

Subcutaneous (s.c.) administration of bortezomib was re-
centlyapproved by the U.S. Food and Drug Administrationand
included in the prescribing information [24]. This administra-
tionroute has the potential to reduce the cost associated with
VMP because i.v. administration and hydration costs would
not be required, and AE costs would be reduced with less tox-
icity seen with s.c. injection. In addition, long-term survival
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data from the VISTA study were recently presented, demon-
strating that a persistent 13.3-month benefit in the median
survival time versus MP (p = .0004) is maintained after 5 years
of follow-up, despite substantial use of novel-agent-based sal-
vage therapies [17]. In addition, no emerging safety signal was
observed for second primary malignancies. Bortezomib is cur-
rently the only novel agent with survival data available for this
length of follow-up.

This type of economic analysis has several limitations.
First, the analysis is driven by the response, disease progres-
sion, and patient survival outcomes observed in randomized
clinical trials—these are not “real-world” data. On the
other hand, patients in these trials have a choice of a wide
range of second-line or salvage therapies after progression,
which better reflects the real-world situation. In addition,
the modeling represents an extrapolation beyond the ob-
served trial period.

Another limitation is the requirement for indirect compari-
sons. Asaresult of the design of the source trials, a direct compar-
ison was only possible between VMP and MP. Indirect
comparisons of VMP and MPT and of VMP and MPR-R were
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made using patient-level data for VMP and published study data
for MPT and MPR-R. The IFM 99-06 study was selected as the
most appropriate data source for MPT because of the superior
activity and outcomes demonstrated in that study compared
with other available MPT studies. This provided the most
conservative comparison to evaluate cost-effectiveness
rather than using data from studies that demonstrated
lower activity. It should be noted that no comparison of MP
with MPR (i.e., without lenalidomide maintenance) was
conductedinthisstudy because there are currently no data
demonstrating a difference in outcomes, and thus no ad-
vantage to using MPR over MP.

Third, like all trial-based cost-effectiveness analyses, this
analysis addresses the cost-effectiveness for the typical el-
derly patient in these trials in the first-line treatment setting.
Lacking the patient-level data for each of these trials, the indi-
rect comparison could notdirectly adjust for systematic differ-
ences across the trials. Indirect comparisons are inherently
limited by potential differences in study populations in terms
of prognostic factors and disease stages, for which differential
survival projections cannot be adjusted. It should also be men-
tioned that our model did not explicitly consider specific sec-
ond-line and salvage therapies.

A cost-effectiveness analysis of VMP and MPT by Picot et
al. [25] in previously untreated, transplant-ineligible patients
was recently published, analyzing the data from models devel-
oped by Janssen-Cilag and Celgene and presenting the find-
ings of an independent survival model. The Janssen-Cilag
survival model estimated OS and PFS outcomes based on
treatment effects from a mixed-treatment comparison of tri-
alsandincludedsecond-andthird-line therapy. All treatments
were found to be cost-effective; the ICER for VMP versus MP
was estimated to be £10,498, and for VMP versus MPT it was
£11,907. The Celgene Markov model included health states
for preprogression, postprogression, and death; it was as-
sumed that the survival outcome after progression was the
same irrespective of first-line treatment. Treatment effects
for disease progression were calculated using a random effect
mixed-treatment comparison. The ICER for MPT versus MP
was £23,381 per QALY gained. The independent survival
model estimated ICERs for MPT and VMP of £9,135 and
£29,820 per QALY gained versus MP, respectively. MPT domi-
nated because it was cheaper but with similar efficacy. The re-
sults evaluated in the report by Picot et al. [25] varied widely,
indicating a lack of consistency in the findings. In addition,
their findings are in contrast to our report, which found that
VMP was more cost-effective than MPT. The differing findings
mainly stem from the different cost assumptions made for
thalidomide. In our model, which adopted a U.S. payers’ per-
spective, we used the price for branded thalidomide because
thalidomide is still currently branded in the U.S. and is not
forecast to have generic availability in the U.S. market until
2023. In contrast, the report by Picot et al. [25] adopted a U.K.
perspective, and thalidomide is available generically in the
U.K. The cost for a pack of 28 50-mg capsules is £298.48 in the
U.K. (U.S. $472.46) and $3,555.74 in the U.S. (source: zenRx
Research, Pharmaceutical Global Pricing Database, accessed
May3,2012).Interms of QALYs, thereport by Picotetal.[25] is
consistent with our finding of a similarity between VMP and
MPT (3.62 QALYs versus 3.64 QALYs in Picot et al. [25] and
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2.994 QALYsversus 2.951 QALYsin our report). The incremen-
tal difference in QALYs between VMP and MP in the report by
Picot et al. [25] is actually greater than that reported in our
manuscript (1.2 QALYs in Picot et al. [25] and 0.945 QALYs in
our report). Differences between the QALYs estimated by Pi-
cot etal. [25] and our analysis are likely a result of differences
inthe modeling method (partitioned survival modelin Picot et
al. [25] and a Markov model in our analysis), time horizon (30
yearsversus 20years), and HRs for the OS outcome (time vary-
ing witha minimum of 0.62 in Picot et al. [25] and state varying
with an average of 0.599 in our analysis) as well as inclusion of
mortality resulting from non-MM causes (e.g., aging) in our
model.

Other economic evaluations have been conducted for
bortezomib-, thalidomide-, andlenalidomide-based regimens
in different settings as summarized below. As would be ex-
pected, variations exist among different patient subgroups
and for different lines of therapy. Hornberger et al. [26] evalu-
ated bortezomib as second-line or salvage therapy versus
dexamethasone in a Swedish setting. The mean cost-effec-
tivenessratio was higher (€95,000) thanin our study, suggest-
ing that bortezomib is more cost-effective as first-line
therapy. Other economic evaluations of these novel agents
have been reported in populations of previously untreated or
relapsed or refractory MM patients [26—30], and have dem-
onstrated the cost-effectiveness benefit of novel agents over
the older regimens and in different patient populations. How-
ever, itis not possible to directly compare the studies because
of the differing currencies, the discordant timing of the analy-
ses, and the diverse patient populations studied. Additionally,
drug prices differ among countries. For example, thalidomide
is sold in generic form in Europe but not in the U.S., which
couldresultin markedly lower drug costsin Europe thaninthe
U.S. Deniz et al. [29] conducted a similar analysis using only
data fromthe IFM 99—-06 trial and concluded that the ICER for
MPT compared with MP was within a range considered cost-
effectivein Scotland, at £17,847 per QALY.Inthe U.K., ananal-
ysis based on individual patient data from the Study of
Uncontrolled Multiple Myeloma Managed with Proteasome
Inhibition suggested that bortezomib monotherapy, when
used as a third-line treatment for patients with relapsed or re-
fractory MM, appeared to be cost-effective relative to best
supportive care [27]. A noncomparative U.K. study analyzing
the combination of lenalidomide and dexamethasone using
datafromthe MM-009 and MM-010trials reported that this two-
drug combination yielded an estimated incremental cost per
QALY that was within a cost-effective range (ICERs <£30,000 per
QALY) [28].

The inevitable heterogeneity between our analysis, which
was conducted from a U.S. payer’s perspective, and the anal-
yses mentioned above, which were conducted from numer-
ous other perspectives and used differing currencies and drug
costs, make comparisons between analyses difficult. How-
ever, although the findings of our analysis may not be directly
comparable with previous— or future—analyses, the finding
that VMP is more cost-effective than MPR-R or MPT in the
first-line treatment of elderly MM patients may still be appli-
cable to other health care systems if the relative costs across
the regimens are similar to the patternin the U.S.
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CONCLUSION

Efficacy data have clearly shown the superiority of VMP, MPT,
and MPR-R over MP; however, to date, no head-to-head clini-
cal trials have been conducted to directly compare the effec-
tiveness and economic impact of VMP with those of MPT or
MPR-R. Our findings support the recommendation of VMP for
previously untreated, transplant-ineligible patients with MM
[3, 4] and suggest that, on the basis of the currently available
data, VMP would be a cost-effective option compared to MP,
MPT, or MPR-R for these patients when managed within the
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