
ABSTRACT

Background. Treatment of multiple myeloma has dramati-
cally improved with the introduction of bortezomib (BOR),
thalidomide (THAL), and lenalidomide (LEN). Studies assess-
ing health care costs, particularly economic burden on
patients, are limited. We conducted a claims-based, retro-
spective analysis of total health care costs as well as patient
burden (patient out-of-pocket costs and number of ambula-
tory/hospital visits) associated with BOR/THAL/LEN treat-
ment versus other therapies (OTHER).
Methods. Treatment episodes starting between January 1,
2005 and September 30, 2010 were identified from the
claims database of a largeU.S. health plan. Health care costs
and utilization were measured during 1 year after initiation
and analyzed per treatment episode. Multivariate analyses
were used to adjust for patient characteristics, comorbidi-
ties, and line of treatment.

Results.A total of 4,836 treatment episodeswere identified.
Mean adjusted total costs were similar between BOR
($112,889) and OTHER ($111,820), but higher with THAL
($129,412) and LEN ($158,428). Mean adjusted patient out-
of-pocket costs were also similar for BOR ($3,846) and
OTHER ($3,900) but remainedhigherwith THAL ($4,666) and
LEN ($4,483).Mean adjusted rates of ambulatory visitswere
similar across therapies (BOR: 69.67; THAL: 66.31; LEN:
65.60; OTHER: 69.42).
Conclusions.Adjusted analyses of real-world claims data show
that total health care costs, as well as patient out-of-pocket
costs, are higherwith THAL/LEN treatment episodes thanwith
BOR/OTHER therapies. Additionally, similar rates of ambula-
toryvisits suggest thatanyperceivedadvantage inpatient con-
venience of the orally administered drugs THAL/LEN is not
supportedby thesedata.TheOncologist2013;18:37–45

Implications for Practice: In addition to efficacy and safety considerations, economic factors associated with novel treatments
are important issues for payers and patients. Claims data provide real-world insight into health care costs associatedwith treat-
ment formultiplemyeloma. In this study, totalhealthcarecostsandpatientout-of-pocketcostsweremeasuredduringoneyear
post-initiation and analyzed per treatment episode. Adjusted for patient characteristics, comorbidities, and lineof treatment,
the costs of “other” therapies (i.e., other chemotherapy or radiotherapy) and bortezomib were similar, but the costs of thalido-
mide or lenalidomide treatmentwere significantly higher. Despite different routes of administration for bortezomib (intrave-
nous), and thalidomide and lenalidomide (oral), the number of ambulatory visits (i.e., clinic/physician office and hospital
outpatient visits) appeared similar across therapieswith theonly significant differencebeingbetween the rates for lenalidomide
and “other” treatment. These data show differential real-world costs and patient burden associated with these treatments and
may support decision-makingwith regard tomultiplemyeloma treatment.

INTRODUCTION

Multiplemyeloma(MM) is thesecondmostcommonhemato-
logicmalignancy after non-Hodgkin’s lymphoma,with anesti-
mated 20,520 patients diagnosed with the disease and an
estimated 10,610 deaths from MM in the U.S. in 2011 [1, 2].
TheestimatedprevalenceofMMin theU.S. is 64,615patients
[1]. The incidence ofMM increaseswith age, with themedian

age at diagnosis being 69 years [1]. The most common signs
and symptoms of MM include hypercalcemia, renal dysfunc-
tion, anemia, andbone lesions, the so-calledCRABcriteria [3].
Bonepain is often an initial symptomof thedisease [4]. Symp-
toms often require specific management in addition to direct
anti-MM treatment strategies.
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Treatment of MM has dramatically improved over the
past decade with the introduction and approval by the U.S.
Food and Drug Administration of three novel targeted
agents: the proteasome inhibitor bortezomib (BOR) and
the immunomodulatory agents (IMiDs) thalidomide (THAL)
and its analog lenalidomide (LEN) [5, 6]. Furthermore, asso-
ciated enhanced supportive care measures have also been
developed to improve MM management [7, 8]. BOR is ap-
proved for the treatment of previously untreated and re-
lapsed MM, THAL in combination with dexamethasone for
the treatment of previously untreated MM, and LEN in
combinationwith dexamethasone for the treatment ofMM
following at least one prior therapy. Additionally, multiple
regimens anchored with one or more of these novel agents
are recommended treatment options for both first-line and
relapsedMM in clinical practice guidelines, including in the
National Comprehensive Cancer Network Clinical Practice
Guidelines [9], European Society of Medical Oncology
guidelines [10], and the International Myeloma Working
Group guidelines [5, 6].

The introduction of these novel agents has contributed to
a significant improvement in recent years in outcomes for pa-
tients with MM, as seen in population-based analyses [11–
14]. In addition, numerous large phase III randomized studies
have demonstrated improved outcomes with novel-agent-
based therapies versus other chemotherapies and previous
standards-of-care, including in previously untreated patients
with MM who were ineligible [15–18] or eligible [19–22] for
high-dose therapywith stemcell transplantation (SCT), and in
patients with relapsed or refractory disease [23, 24].

However, only a limited number of studies have assessed
the relative costs associated with these novel therapies and
their cost-effectiveness comparedwith other therapeutic ap-
proaches [25–37]. In particular, very few studies have been
conducted using real-world cost data and assessing the eco-
nomic burden on patients. This is important because novel-
agent-based therapies may have substantial differences
compared with other therapies in terms of treatment para-
digms (e.g., treatment until progression, finite treatment
course), routeof administration, frequencyof administration,
safety profile, and frequency of follow-up. All of these factors
mayaffectbothcosts andconvenience forpatients in termsof
number of visits.

We therefore conducted the present retrospective analy-
sis using real-world claimsdata froma largeU.S. healthplan to
evaluate and compare total health care costs, including pa-
tient out-of-pocket costs, and health care resource utilization
between episodes of treatment with BOR, THAL, LEN, and
other chemotherapies or radiotherapy (OTHER) in patients
with previously untreated or relapsedMM.

PATIENTS ANDMETHODS
Theobjectivesof this retrospective cohort studywere to com-
pare total health care costs, which included health plan and
patient paid amounts for both medical and pharmacy utiliza-
tion; and rates of health care resource utilization, which in-
cluded ambulatory, inpatient, and emergency visits, per
course of treatment with BOR, LEN, THAL, or OTHER ther-
apy (defined as clarithromycin, cyclophosphamide, dexa-
methasone, doxorubicin, interferon alfa-2, interferon alfa-

2b, melphalan, vincristine, pegylated liposomal doxorubicin,
prednisone, and/or radiation), as calculated for 1 year from
the beginning of each treatment course. Patient out-of-
pocket costs, including copayment, coinsurance, and deduct-
ibles, were calculated as a subset of total health care costs.
Thus, the patient burden of a treatment episode comprised
the two specific factors of out-of-pocket costs and number of
ambulatory visits.

This study used claims data from a large national U.S.
health plan affiliated with OptumInsight (formerly Ingenix)
covering approximately 14 million commercially insured,
Medicare Advantage (Medicare Part C), andmanagedMedic-
aidmembers annuallywithbothmedical andpharmacybene-
fits. Claims data from this data source have been used in
several analyses of health care costs associated with cancer
treatment [38–41].Medical claims includedmultiple diagno-
sis codes (International Classification of Diseases, Ninth Edi-
tion [ICD-9]), procedure records (ICD-9 Procedure, Current
Procedural Terminology [CPT], and Healthcare Common Pro-
cedure Coding System [HCPCS]), and revenue codes. Phar-
macy claims were submitted electronically by the pharmacy.
Information included the drug name, dosage form, drug
strength, and days supplied.

Treatment Episodes
Patients with a diagnosis of MM (ICD-9 code 203.0x) who re-
ceived at least one course of treatment (treatment episode)
with BOR, THAL, LEN, or OTHER between January 1, 2005 and
September 30, 2010 were considered for inclusion in this
study. Treatment episodeswere defined as unique courses of
therapy (as identified frompatient records) that incorporated
BOR, THAL, LEN, or OTHER treatment. For each treatment ep-
isode, the date of first observation (which was when a new
treatment [BOR, THAL, LEN, or OTHER] was begun) was de-
fined as the index date for that episode. Treatment episodes
that includedmore than one of the agents BOR, THAL, or LEN
on the index date were excluded (e.g., BOR-THAL-dexameth-
asone; BOR-LEN-dexamethasone). Some patients could have
received multiple treatment episodes within the time period
of this study (Fig. 1), eachofwhichwas included in thisanalysis
if thespecifiedeligibilitycriteriaweremet.Foreachtreatment
episode included in this analysis, patients had tobe�18years
of ageon the indexdate, and required6monthsof healthplan
eligibility before the indexdate, aswell as 12monthsofhealth
plan eligibility after the index date. Episodes without 12
months of eligibility following the index date, but ending in
death, were retained.

Foreachtreatmentepisode,pre-indexdatepatientdemo-
graphics and clinical characteristics were recorded, including
age, sex,U.S. geographic region, insurance type, cytogenetics,
Deyo-Charlson comorbidity score, and history of deep vein
thrombosis (DVT), pulmonary embolism (PE), peripheral neu-
ropathy (PN), anddialysis.Whether patients hadundergonea
SCT pre- and post-index date for each treatment episodewas
also recorded. These conditions and tests/procedures were
identified based on diagnosis codes (ICD-9), procedure re-
cords (ICD-9 procedure, CPT, andHCPCS), and revenue codes.

Health Care Costs
To assess the direct financial burden of MM treatment, total
health care costs were evaluated for 1 year after the index
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date for each treatment episode, or until death if a patient
diedwithin 1 year of the index date. This 1-year follow-up pe-
riod was not truncated if a patient discontinued treatment or
switched therapy (Fig. 1). The study period allows for a
6-month lag to ensure all medical claims were captured and
adjudicated in the claims prior to the analysis. Total health
care costs, representing the combined patient and insurer
1-year paid amounts for each treatment episode, were ad-
justed for inflation.

Patient Burden
Toassess thedirect financial burdenofMMtreatment, health
care resource utilization evaluated patient out-of-pocket
costs (including copayment, coinsurance, anddeductibles), as
asubsetof totalhealthcarecosts. Indirectburden isdifficult to
measure in claims data but was examined in this study by all
patient visits/hospitalizations occurring within 1 year of the
indexdate as the volumeof visits/hospitalizations is likely cor-
related with indirect costs. Patient visits/hospitalizations in-
cluded all ambulatory visits, which were defined as any visit
with a unique day and a unique provider identification num-
ber in an outpatient or office setting. Ambulatory visits in-
cluded both clinic/physician office visits and hospital
outpatient visits, and theydidnot necessarily result in contact
with a physician.

Statistical Analyses
Mean (�SD) data were calculated per treatment episode for
patient demographic and clinical characteristics, health care
costs, and rates of health care resource utilization across all
treatment episodes and according to treatment (BOR, THAL,
LEN, OTHER). Descriptive analyses comparing data for BOR,
THAL, andLENwithdata forOTHERwere conductedusinga�2

test (dichotomous variables) or t test (continuous variables).
In addition, multivariate regression analyses were con-

ducted to control for possible confounding factorswhen com-
paring health care costs and health care resource utilization
between treatments, including patient characteristics (age
and gender), cytogenetic testing, comorbidities (DVT, PE, PN,

Deyo-Charlson comorbidity score, dialysis, SCT), treatment
patterns (prior treatments with OTHER, BOR, THAL, LEN), line
of treatment (more prior lines of therapy are indicative of
more advanced disease), and insurance type (commercial or
publicpayer).Totalhealthcarecostswerecomparedbetween
BOR, THAL, and LEN versus OTHER using a generalized linear
model with a gamma error distribution and log link. Similarly,
rates of health care resource utilizationwere compared using
a negative binomialmodel with a log link [42].

For ease of interpretation, adjusted health care costs and
adjusted rates of health care resource utilization were pre-
dicted using the recycled predictions method [43]. This
method calculates the mean prediction in the natural units
(e.g., dollars) according to treatment, allowing a comparison
of the outcomes, on average, while holding constant all other
model covariates except treatment. All analyses were con-
ducted using version 10.1 of the STATA/SE software package
(Stata Corp, College Station, TX).

RESULTS
A total of 6,762 patients with MM who received at least one
treatment episode with BOR, THAL, LEN, or OTHER between
January 1, 2005 and September 30, 2010 were identified.
These patients had 10,623 unique treatment episodes during
the study period. Approximately 46% of the treatment epi-
sodes (4,836 treatment episodes, in 2,642 patients) met all
the eligibility criteria for this analysis. Of the excluded treat-
ment episodes (n � 5,787), 2,503 and 3,055 were excluded
due to patients not having 6 months of health plan eligibility
before or 12 months of health plan eligibility after the index
date, respectively. In addition, 218 treatment episodes were
excludeddue tomissingdemographicdataordue to the index
date being the same as the recorded date of death, and 11
treatment episodeswere excludeddue to patients being�18
years of age on the index date.

Table 1 summarizes patient demographics and clinical
characteristics for all treatment episodes and by therapy. The

Figure 1. Example of identification of multiple treatment episodes in an individual patient. This patient received four treatment epi-
sodes,oneeachwithbortezomib, thalidomide, lenalidomide,andotherchemotherapy/radiotherapy,within thestudyperiodof January
1, 2005 to September 30, 2010.

Abbreviations: BOR, bortezomib; LEN, lenalidomide; OTHER, other chemotherapies or radiotherapy; THAL, thalidomide.
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meanageat the treatmentepisode indexdatewas62.6 years,
and52%oftreatmentepisodeswerereceivedbymen. Intotal,
50%of treatmentepisodeswereadministered in thesouthern
regionof theU.S., and76%of treatmentepisodeswere forpa-
tients enrolled in commercial insurance plans. Reflecting the
commercial nature of the health plan database used for this
analysis, 30% of BOR treatment episodes were received by
Medicare Advantage patients, compared with 25% of OTHER
treatment episodes (p � .008); rates were lower for THAL
(16%, p � .001) and LEN (21%, p � .024) treatment episodes
comparedwith OTHER.

There were some differences in pre-index date clinical
characteristics between treatment episodes with BOR, THAL,
LEN, and OTHER (Table 1). Patients receiving treatment epi-
sodeswith BOR, THAL, or LENweremore likely to have under-
gone cytogenetic testing and to have a higher Deyo-Charlson
comorbidity score thanpatients receiving treatmentepisodes
withOTHER therapies. The rateof pre-indexdateDVTwas sig-
nificantly more common for treatment episodes with BOR or
LEN versus OTHER and also appeared higher versus THAL,
whereas the rate of pre-index date PN appeared higher with

LENcomparedwithBORandTHALandwassignificantlyhigher
with LEN versus OTHER. The rate of post-index date SCT was
significantly higher for treatment episodes with BOR, THAL,
and LEN versus OTHER.

The median durations of treatment episodes were 94
(BOR),160(THAL),171(LEN),and110(OTHER)days, reflecting
the different standard treatment paradigms for BOR (finite
treatment course) andTHAL/LEN (treat toprogression).Over-
all, 67%, 24%, and 9% of all treatment episodes represented
the first, second, and third/fourth lines of treatment, respec-
tively; for BOR, THAL, LEN and OTHER treatment episodes,
31%,63%,46%,and83%, respectively,werepatients’ first line
of treatment (p�0.001 for BOR, THAL, or LEN comparedwith
OTHER).

Health Care Costs
Meanunadjusted1-year total health care costs per treatment
episode(i.e., costsnotadjustedfordifferences inpatientchar-
acteristics, comorbidities, or lineof treatment, as assessed for
1 year from the start of treatment) were significantly higher
for treatment episodes with any of the novel agents versus

Table 1. Patient demographics and clinical characteristics by treatment episode and treatment episode characteristics

Characteristic
Total
(n� 4,836)

BOR
(n� 606)

THAL
(n� 795)

LEN
(n� 758)

Other
(n� 2,677)

p value vs. other

BOR THAL LEN

Age (mean yrs) 62.6 63.4 62.0 61.9 62.9 .305 .049 .041

Male (%) 51.9 52.2 54.5 57.3 49.5 .246 .015 �.001

U.S. geographic region (%)

Northeast 11.6 10.1 11.3 11.7 12.0 .182 .607 .852

Midwest 27.4 25.4 24.9 29.2 28.2

South 49.8 54.8 52.7 47.6 48.5

West 11.2 9.7 11.1 11.5 11.4

Insurance type (%)

Commercial 76.2 69.6 84.3 78.9 74.6 .012 �.001 .015

Medicaid 0.3 0.2 0.3 0.1 0.5 .316 .442 .211

Medicare Advantage 23.4 30.2 15.5 21.0 25.0 .008 �.001 .024

Pre-index date clinical characteristics

Cytogenetics testing, n (%) 1,641 (33.9) 255 (42.1) 317 (39.9) 344 (45.4) 725 (27.1) �.001 �.001 �.001

DVT, n (%) 197 (4.1) 35 (5.8) 24 (3.0) 47 (6.2) 91 (3.4) .006 .599 �.001

PE, n (%) 129 (2.7) 23 (3.8) 22 (2.8) 20 (2.6) 64 (2.4) .052 .549 .697

PN, n (%) 337 (7.0) 29 (4.8) 40 (5.0) 87 (11.5) 181 (6.8) .073 .079 �.001

Deyo-Charlson comorbidity score,
mean (SD)

4.08 (2.5) 4.71 (2.4) 4.15 (2.4) 4.26 (2.5) 3.87 (2.5) �.001 .006 �.001

Dialysis, n (%) 161 (3.3) 34 (5.6) 24 (3.0) 25 (3.3) 78 (2.9) �.001 .877 .584

SCT, n (%) 99 (2.1) 11 (1.8) 17 (2.1) 22 (2.9) 49 (1.8) .980 .577 .067

Treatment episode characteristics

Duration of follow-up,mean days (SD) 339 (80.4) 332 (90.6) 342 (74.1) 340 (80.7) 340 (79.6) .019 .545 .969

Duration of treatment,mean days (SD) 126.2 (119.2) 94.3 (79.8) 160.4 (117.6) 170.6 (119.1) 110.4 (121.4) �.001 �.001 �.001

Line of treatment, n (%)

First 3,257 (67.4) 189 (31.2) 500 (62.9) 346 (45.7) 2,222 (83.0) �.001 �.001 �.001

Second 1,135 (23.5) 244 (40.3) 261 (32.8) 225 (29.7) 405 (15.1) �.001 �.001 �.001

Third/fourth 444 (9.2) 173 (28.6) 34 (4.3) 187 (24.7) 50 (1.9) �.001 �.001 �.001

Post-index date clinical characteristics

SCT, n (%) 906 (18.7) 143 (23.6) 201 (25.3) 153 (20.2) 409 (15.3) �.001 �.001 .001

Abbreviations: BOR, bortezomib; DVT, deep vein thrombosis; LEN, lenalidomide; OTHER, other chemotherapy or radiotherapy; PE, pulmonary
embolism; PN, peripheral neuropathy; SCT, stem cell transplant; SD, standard deviation; THAL, thalidomide.
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OTHER therapies (p � .001; Table 2). Similarly, mean unad-
justed index medication costs and mean unadjusted ambula-
tory costs were significantly higher for treatment episodes
with thenovel agents versusOTHER therapies. Also,meanun-
adjusted inpatient hospitalization costs and retail pharmacy
costs were significantly higher for treatment episodes with
THAL and LENversusOTHER therapies, but not for BORversus
OTHER. After adjusting for differences in patient characteris-
tics, comorbidities, insurance type, and line of treatment, the
predictedmeanadjustedtotalhealthcarecostsper treatment
episode (i.e., during 1 year after treatment initiation) were
similar with BOR and OTHER, but significantly higher with
THALand LENversusOTHER (Table 3). Findingswere similar in
an analysis restricted to treatment episodes in previously un-
treated patients with MM (Table 3). However, in an analysis
restricted to treatment episodes for previously treated pa-
tients, only the predictedmean 1-year total health care costs
associated with LEN were significantly higher versus OTHER
(Table 3).

Patient Burden

Mean unadjusted patient out-of-pocket costs were signifi-
cantly higher for treatment episodeswith BOR ($4,422), THAL
($4,812), or LEN ($4,560) versus OTHER ($3,716; p � .001).
Themeanadjustedpatient out-of-pocket costs per treatment
episode remained higher with THAL and LEN versus OTHER
(p� .01) but were not significantly different with BOR versus
OTHER (Table 4). In an analysis restricted to treatment epi-
sodes in Medicare Advantage patients, the same differences
were seen, but the mean unadjusted and adjusted costs with
THAL ($7,559 and $7,315) and LEN ($6,457 and $6,682) ap-
peared substantially higher overall relative to BOR ($4,573
and $4,057) and OTHER ($3,808 and $3,940) than in the anal-
ysis of all treatment episodes (Table 4). Mean unadjusted
rates of health care resource utilization, in terms of numbers
of ambulatory, hospital outpatient, and office visits, were sig-
nificantly higher for treatment episodes with BOR, THAL, or
LENversusOTHER (Table5).Meannumbersof emergency vis-
its and inpatienthospitalizationswere lowacross all therapies
(Table 5).

Onmultivariate regression analysis, accounting for differ-
ences inpatient characteristics, comorbidities, or lineof treat-
ment, the predicted mean adjusted number of ambulatory
visitsper treatmentepisode,during1yearafter treatment ini-
tiation, appeared similar between therapies,with the rate sig-
nificantly lowerwith LENversusOTHER (Table6). Inananalysis
restrictedtotreatmentepisodesinpreviouslyuntreatedpatients
withMM, the predictedmean adjusted rateswere again similar
betweentherapies,withnosignificantdifferencesbetweenBOR,
THAL, andLENversusOTHER (Table6).

DISCUSSION
The improvements in clinical outcomes for patients withMM
associatedwith the introduction and increasinglywidespread
use of the novel agents BOR, THAL, and LEN are well estab-
lished; indeed, based on the evidence from large randomized
studies, novel-agent-based regimens are among the recom-
mended standards of care for MM treatment in the first-line
[5–6, 44–45] and relapsed [46] settings, especially for SCT-eligi-
ble individuals. However, the economic factors associated with

the use of these novel agents are also important considerations
in today’shealthcareenvironment, and thedata fromthis retro-
spectivecohort studyusingclaimsdata froma largenationalU.S.
commercial health plan provide real-world information regard-
ing treatmentwith BOR, THAL, LEN, orOTHER therapies and the
associatedcosts fromapayer’s andpatient’s perspective.

With this type of claims analysis, the vastmajority of costs
incurred by the health plan are captured. Thus, the data from
this study reflect notonly the specific costs andhealth care re-
source utilization (patient visits) associatedwith the course of
treatment itself, but also the costs and visits associated with
subsequent management of MM-associated symptoms, the
need for further treatment, and the adverse effects of treat-
ment within a 1-year window after the start of each of the
treatmentepisodeswithBOR,THAL, LEN,orOTHERtherapies.
For example, with regards to adverse effects, BOR and THAL
are known to be associated with PN; THAL and LEN in combi-
nationwith dexamethasone are associatedwith an increased
risk of DVT/PE, forwhich specificmanagement recommenda-
tionshavebeendeveloped [47, 48].Managementof thesead-
verse effects may have been required during treatment
episodeswith the respective agents.

Indeed, our pre-index date demographic and clinical char-
acteristics data appear to reflect someof the known issues as-
sociated with specific therapies; for example, the rate of pre-
index date DVT appeared lower for THAL treatment episodes,
and the rateof pre-indexdatePNappeared lower forBORand
THAL than for LEN, possibly due to selectionof treatments not
associatedwith these side effects in an attempt to avoid exac-
erbationofpre-existingco-morbidities.However,a similarap-
parent selection bias for LEN due to pre-index date DVT was
not seen, which was unexpected based on disease-manage-
mentguidelines. Inaddition, therateofpre-indexdatedialysis
appearedhigher for BOR treatment episodes, likely related to
preferred treatment with BOR-based therapies for patients
with renal impairment [49].

As might be expected, the data from this analysis showed
that themean unadjusted total health care costs, as assessed
for 1 year after treatment initiation, associated with treat-
ment episodeswith novel-agent-based therapies were signif-
icantly higher than with OTHER therapies. However, after
adjustment forpatient characteristics, comorbidities, and line
of therapy, the predicted mean total health care costs for 1
year from the start of each treatment episode remained sig-
nificantly higher with THAL and LEN versus OTHER therapies,
but they were similar for BOR and OTHER therapies. These
findingswere similar in ananalysis restricted topreviously un-
treatedandpreviously treatedpatients. This suggests that the
perceived higher costs of BOR as a novel therapy compared
with OTHER conventional therapies are not reflected in the
overall health care costs associated with each type of treat-
ment episode.

Regardingpatientout-of-pocket costs, aswith total health
care costs, the mean unadjusted data showed a significantly
greaterpatient costburdenwith thenovel-agent-based treat-
ment episodes compared with OTHER treatment episodes.
However, the adjusted data again revealed similar patient
cost burdens between BOR and OTHER treatment episodes,
while THAL and LEN remained significantly higher versus
OTHER. These differences for IMiD-based therapieswere par-
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ticularly evident in an analysis restricted to Medicare Advan-
tage patients; this was likely due to the coverage gap,
commonly known as the “donut hole,” inMedicare Part D.

Reflecting the findings for total health care and patient
out-of-pocket costs, the unadjusted data on health care re-
source utilization in terms of ambulatory visits (including hos-
pital outpatient andoffice visits) during1yearpost-treatment
initiation showed a significantly higher mean rate of visits as-
sociated with BOR, THAL, and LEN versus OTHER treatment
episodes. The mean number of ambulatory visits appeared
somewhat higher with BOR, which is administered intrave-
nously or subcutaneously, thanwith THAL and LEN,which are
administered orally, as might be expected given the different
routes of administration. However, after adjustment for the
potential confounding factors of patient characteristics, co-
morbidities, and line of therapy, the predicted mean number
of ambulatory visits within 1 year per treatment episode ap-
peared similar across all therapies,with the rate for LENbeing
significantly lower than forOTHER. Findingswere similar in an

analysis restricted to the first-line setting, with no significant
differences between novel-agent-based and OTHER thera-
pies, perhaps due to treating physicians preferring to closely
monitor all newly diagnosed patients regardless of therapeu-
tic approach. Thus, although it may be thought that orally ad-
ministered THAL or LEN treatment regimens might be more
convenient thanaBORregimenthat includesan intravenously
administered agent, in terms of patient visits, the findings of
this analysis showthat any suchperceivedeconomicorhealth
care utilization advantage is not borne out overall due to the
need for frequent patient assessments associated with MM
management and themanagement of treatment-related side
effects.

Our analysis of real-world health care costs data from a
claims database sometimes differs from other previous stud-
iesofnovel-agent-based therapies forMM.Forexample, bud-
get impact analyses and other modeling studies have
projected the costs for various treatments for relapsed/re-
fractoryMMbasedondata from large-scale clinical trials [26–

Table 3 Generalized linearmodel, adjusting for differences in patient characteristics, comorbidities, and line of therapy, of

total health care costs per treatment episode for 1 year after treatment initiation

HR (95%CI)
Predictedmean total health care costs,
U.S. dollars

All treatment episodes (n� 4,836)

BOR 1.000 (0.912–1.102) $112,359

THAL 1.164 (1.077–1.258)a $130,468

LEN 1.420 (1.307–1.543)a $159,158

OTHER Reference $112,060

Treatment episodes in previously untreated patients (n� 3,257)

BOR 0.999 (0.848–1.779) $119,126

THAL 1.186 (1.064–1.322)a $141,365

LEN 1.562 (1.382–1.766)a $186,200

OTHER Reference $119,187

Treatment episodes in previously treated patients (n� 1,579)

BOR 0.934 (0.842–1.035) $114,484

THAL 1.036 (0.921–1.165) $127,087

LEN 1.134 (1.016–1.266)b $139,066

OTHER Reference $122,632
ap� .01 vs. OTHER.
bp� .05 vs. OTHER.
Abbreviations: BOR, bortezomib; CI, confidence interval; HR, hazard ratio; LEN, lenalidomide; OTHER, other chemotherapy or radiotherapy; THAL,
thalidomide.

Table 2 Unadjusted health care costs per treatment episode (i.e., during 1 year after treatment initiation), in U.S. dollars

Health care costs,mean
(SD) Total (n� 4,836) BOR (n� 606) THAL (n� 795) LEN (n� 758) Other (n� 2,677)

p value vs. OTHER

BOR THAL LEN

Total healthcare costs 118,353.50 (130,758.64) 133,973.52 (127,004.99) 140,334.15 (134,809.50) 150,543.94 (140,658.97) 99,175.05 (124,081.17) �.001 �.001 �.001

Indexmedicationsa 42,279 (46,873) 48,937 (43,817) 49,034 (40,135) 68,963 (45,523) 31,210 (46,082) �.001 �.001 �.001

Ambulatoryb 35,863 (60,214) 41,609 (72,934) 47,397 (80,360) 36,535 (49,105) 30,946 (51,758) �.001 �.001 .008

Emergencyb 439 (1,392) 551 (1,435) 363 (796) 384 (890) 452 (1,618) .164 .134 .269

Inpatient hospitalizationb 30,480 (70,871) 33,036 (58,580) 33,396 (66,578) 35,179 (97,206) 27,705 (65,521) .065 .032 .0137

Othermedicalb 3,924 (14,645) 4,591 (15,000) 4,075 (15,556) 3,345 (11,234) 3,893 (15,130) .305 .768 .354

Retail pharmacyb 5,368 (8,790) 5,250 (6,564) 6,069 (9,234) 6,138 (11,311) 4,969 (8,239) .433 .001 .002

aincludes all medications (BOR, THAL, LEN, other).
bExcludes indexmedication costs.
Abbreviations: BOR, bortezomib; LEN, lenalidomide; OTHER, other chemotherapy or radiotherapy; THAL, thalidomide.
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28] and also evaluated the cost-effectiveness of the new
treatments in termsofquality-of-life years [29,30,33,35–37].
Using budget impactmodeling, Fullerton et al. found that the
total costs associated with treatment for relapsed/refractory
MMwere lowestwith single-agent BORcomparedwith THAL-
dexamethasone, LEN-dexamethasone, and BOR-liposomal
doxorubicin [28]. This appears to reflect the findings of our
analyses of adjusted total health care costs. Conversely, using
a different model employing different assumptions, Durie et
al. suggestedthatBORandLENdrugcostsovera12-monthpe-
riodwerecomparable in the treatmentof relapsed/refractory

MM,but thatmedical servicesandother costsassociatedwith
adverse events were higher with BOR [26]. These discrepan-
cies illustrate the value of real-world data.

Nevertheless, there are a number of limitations to the pres-
ent retrospectiveanalysis.Given the recentparadigmshift in the
treatment of MM, it is likely that treatment episodes with the
novel agents became increasingly common compared with
OTHER therapies over the time period analyzed; additionally,
thesetreatmentepisodesmayalsohaveincreasinglybeeninpre-
viouslyuntreatedpatientscomparedwithintherelapsedsetting,
and this may have had an impact on the findings. Moreover, as

Table 4. Unadjusted and adjusted patient out-of-pocket costs per treatment episode for 1 year after treatment initiation, in

U.S. dollars

Mean patient out-of-pocket costs, U.S. dollars BOR THAL LEN OTHER

p value vs. OTHER

BOR THAL LEN

All treatment episodes (n) 606 795 758 2,677

Unadjusted 4,422 4,812 4,560 3,716 �.001 �.001 �.001

Adjusted 3,846 4,666 4,483 3,900 NS �.01 �.01

Treatment episodes inMedicare Advantage patients
(n� 1,133)

183 123 159 668

Unadjusted 4,573 7,559 6,457 3,808 .023 �.001 �.001

Adjusted 4,057 7,315 6,682 3,940 NS �.01 �.01

Adjusted data account for differences in patient characteristics, comorbidities, and line of therapy.
Abbreviations: BOR, bortezomib; LEN, lenalidomide; NS, not significant (p� .05); OTHER, other chemotherapy or radiotherapy; THAL, thalidomide.

Table 5. Unadjusted rates of health care resource utilization per treatment episode (i.e., for 1 year after treatment initiation)

Number of visits (n)
Total
(n� 4,836)

BOR
(n� 606)

THAL
(n� 795)

LEN
(n� 758)

Other
(n� 2,677)

p value vs. OTHER

BOR THAL LEN

Ambulatory visits 68.88 (53.72) 83.89 (53.06) 76.57 (67.53) 69.41 (49.71) 63.05 (53.72) �.001 �.001 .004

Hospital outpatient visits 29.23 (33.82) 31.12 (32.97) 34.48 (40.39) 30.68 (32.12) 26.83 (32.09) .003 �.001 .004

Office visits 39.65 (31.99) 52.77 (32.11) 42.09 (35.76) 38.73 (28.13) 36.22 (30.99) �.001 �.001 .034

Emergency visits 1.43 (3.88) 1.73 (4.43) 1.45 (4.04) 1.16 (1.95) 1.42 (4.10) .115 .893 .015

Inpatient hospitalizations 1.13 (1.51) 1.25 (1.45) 1.24 (1.56) 1.09 (1.44) 1.09 (1.53) .021 .012 .909

Data aremean (SD).
Abbreviations: BOR, bortezomib; LEN, lenalidomide; OTHER, other chemotherapy or radiotherapy; SD, standard deviation; THAL, thalidomide.

Table 6. Multivariate regression analysis, adjusting for differences in patient characteristics, comorbidities, and line of

therapy, of health care resource utilization per treatment episode for 1 year after treatment initiation

HR (95%CI) Predictedmean ambulatory visits (n)

All treatment episodes (n� 4,836)

BOR 1.004 (0.950–1.060) 69.67

THAL 0.955 (0.907–1.005) 66.31

LEN 0.945 (0.897–0.995)a 65.60

OTHER Reference 69.42

Treatment episodes in previously untreated patients (n� 3,257)

BOR 0.985 (0.908–1.069) 62.97

THAL 0.946 (0.889–1.007) 60.45

LEN 0.956 (0.893–1.024) 61.10

OTHER Reference 63.90
ap� .05 vs. OTHER.
Abbreviations: BOR, bortezomib; CI, confidence interval; HR, hazard ratio; LEN, lenalidomide; OTHER, other chemotherapy or radiotherapy; THAL,
thalidomide.
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evidencedintheevolutionoftreatmentpracticeguidelines[5–6,
44–46], treatment patterns (particularly in the first-line setting)
haveevolvedtoincludeconsolidationandmaintenancetherapy,
whichwill haveanadditional impactonhealth care costs and re-
source utilization, and regimens incorporating combinations of
these novel agents, such as BOR-THAL-dexamethasone, which
were excluded from the current analysis due to the initially rela-
tively small sample size.

In addition, it should be noted that claims data are col-
lected for the purposes of payment and not research. Claims
data are subject to possible coding errors, coding for the pur-
pose of rule-out rather than actual disease, and undercoding.
Furthermore, the data used for this study came from a com-
mercially insured and managed Medicare/Medicaid popula-
tion and may not be applicable to patients in non-managed-
care settings, especially in fee-for-service Medicare
populations. Because MM is primarily a disease of the Medi-
care-age population, this group may be underrepresented in
this claims analysis. Thus, the distribution of treatment epi-
sodes between therapies may not be representative of the
overall MM patient population. However, it should be noted
that approximately 48% of all patients in this dataset were 65
years of age or older, with an equal split between Medicare
Advantage and commercially insured (primarily retirees with
benefits). Additionally, extrapolation of these findings to the
real-world overall population may magnify the cost differen-
tials identified in this analysis.

It is also important to keep in mind that these results are
most generalizable to theU.S. health care systembecause the
cost differences reported here reflect U.S. unit prices. For ex-
ample, a comparison of unit prices for THAL in the U.S. versus
the U.K., Italy, Germany, and France over the past year re-
vealedaunitprice thatwasabouteight timeshigher in theU.S.
($135.14 [€107.56]) than in these other countries (range:
€12.36–14). In contrast, theunit prices for BORandLENwere
similar in the U.S. and Europe, with ranges of €962.39–
1,295.89 for BOR and €199.61–300.96 for LEN in the U.K., It-
aly, Germany, France, and Spain versus $1,436 [€1,142.95]
and $356.81 [€283.34] for BOR and LEN in the U.S. Conse-
quently, if the unit drug prices in the U.S. had beenwithin the
range of unit prices in Europe, the cost of care in the THAL co-
hort would have been lower given that drug costs represent a
significant proportion of total health care spending. In addi-
tion, reimbursed amounts for other health care services and

treatment patterns, such as site of care, likely differs between
theU.S. and other countries.

However, despite these limitations, these retrospective
claims data enable real-world examination of health care costs
and resource utilization in contrast to the highly controlled envi-
ronment of clinical trials. In addition, administrative data also
have the advantage of large sample sizes with diverse medical
histories, asdemonstrated in thepresent study.

CONCLUSION
Total health care costs, patient out-of-pocket costs, and re-
source utilization, as assessed for 1 year from the start of
treatment, differ between treatment episodeswith the novel
agents BOR, THAL, and LEN and OTHER therapies. Adjusted
analyses of real-world claims data, accounting for differences
in patient characteristics, comorbidities, and line of treat-
ment, show that total health care costs are similar for BORbut
significantly higher for THAL and LEN treatment compared
withOTHER therapies. Importantly, thesedifferences are also
seen in the patient out-of-pocket costs associated with each
treatment. Additionally, adjusted analyses show similar rates
of patient ambulatory visits per treatment episode across
therapies, suggesting that any perceived advantage in patient
convenienceof theorallyadministereddrugsTHALandLEN, in
terms of fewer hospital outpatient/office visits, is not sup-
ported by these data from the real-world setting.
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