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Abstract
Effects of disease progression on healthcare resource utilization (HRU) and costs among multiple myeloma (MM)
patients with ≥1 line of therapy (LOT) who received their first stem cell transplant (SCT) within 1 year of initial MM
diagnosis were estimated using a large US claims database. Disease progression was defined as advancement to the
next LOT, bone metastasis, hypercalcemia, soft tissue plasmacytoma, skeletal related events, acute kidney disease, or
death within 12 months of LOT initiation. Annual HRU and costs in the first three LOTs (L1–L3) were compared for
patients with versus without disease progression using inverse probability of treatment weighting to adjust for
differences between groups in baseline characteristics. In all LOTs, mean annual hospitalizations and healthcare costs
were greater for patients with versus without progression. Total incremental annual costs among patients with versus
without progression in L1–L3 were $18,359, $87,055, and $71,917, respectively, among LOTs initiated between 2006
and 2018. In LOTs initiated between 2013 and 2018, the figures were $46,024, $100,329, and $101,942 in L1–L3,
respectively. The economic burden of disease progression is substantial in this population of MM patients who
underwent SCT and received systemic anti-myeloma therapy.

Introduction
Multiple Myeloma (MM) is a rare hematologic malig-

nancy of the plasma cells that is associated with a variety
of complications, including—but not limited to—anemia,
neutropenia, thrombocytopenia, bone loss and fractures,
and kidney disease. In the US, ~32,270 new cases of MM
are diagnosed, and ~12,830 persons die from the disease
each year. Five-year survival for patients diagnosed with
MM is ~54%1.
Current treatment guidelines by the National Compre-

hensive Cancer Network (NCCN) and the International
Myeloma Working Group recommend initiating therapy
when patients become symptomatic or are identified

based on biomarkers of malignancy2,3. Initial treatment
for transplant eligible (TE) patients is individualized
according to patients’ risk factors2. Most patients receive
an initial regimen that includes combination treatment
with a corticosteroid (i.e., dexamethasone) and a protea-
some inhibitor (PI: most commonly, bortezomib) and an
immunomodulatory drug (IMiD: most commonly lenali-
domide), and there is an emerging role for monoclonal
antibodies in quadruplet regimens (mAb: primarily dar-
atumumab), and/or a chemotherapy2. For patients who
are refractory to or relapse following initial treatment, the
NCCN Guidelines recommend numerous treatment
options including PIs, IMiDs, and mAbs2. Several other
drugs have been recently approved for their use in
relapsed and refractory MM including selinexor4 and
belantamab5. Despite the multitude of options, the like-
lihood and duration of response decrease with each line of
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therapy (LOT) and the disease is ultimately fatal for many
patients2.
Previous retrospective observational studies have docu-

mented substantial costs for MM patients receiving sec-
ond (i.e., second line) or subsequent treatments6–13,
focusing on patients who are progressing and need to
receive further lines of therapy. However, evidence on
economic burden specifically focusing on MM patients
who received transplant is lacking. Hagiwara13 reported,
among transplant ineligible MM patients who initiated
LOTs between 2006 and 2016, total annual healthcare
costs were greater for patients with versus without pro-
gression, with a difference of $25,920, $30,632, $47,320,
and $19,769 for LOTs 1–4 (L1–L4), respectively. The
objective of this study was to investigate if the results
found among transplant ineligible MM patients in Hagi-
wara13 can also be found among MM patients with receipt
of transplant using the same approach as much as possible
except for the algorithm for identifying LOTs: i.e., to
compare and quantify HRU and healthcare costs in the US
between MM patients with versus without progression
who have received at least one LOT including a stem cell
transplant using inverse probability of treatment weights
(IPTW) to adjust for differences between the two groups14.

Methods
Study design and patient selection
A retrospective incident user cohort design was

employed15. Data for the study were obtained from the IBM
MarketScan® Commercial Claims and Encounters (CCAE)
and Medicare and Coordination of Benefits (MDCR) data-
bases. Study subjects included all adult patients in the
databases with a confirmed diagnosis of MM during the
study period (January 1, 2006 through September 30, 2018),
where a confirmed diagnosis of MM was defined as at least
one inpatient claim with a diagnosis of MM (ICD-9-CM
code 203.0x or ICD-10-CM code C90.0), or at least two
nondiagnostic outpatient claims within 30 to 365 days apart
with a diagnosis of MM. The date of each patient’s first
claim with a diagnosis of MM was designated the “diagnosis
date”. To ensure that the first claim with a diagnosis of MM
in the databases represented initial diagnosis of the disease,
patients with <6 months of continuous enrollment prior to
their diagnosis date were excluded. Patients were further
required to have initiated during the study period a course of
MM therapy including one or more of the following: lena-
lidomide, pomalidomide, thalidomide, bortezomib, carfilzo-
mib, ixazomib, daratumumab, elotuzumab, panobinostat, or
vorinostat, and have received stem cell transplant (SCT)
within 1 year of the diagnosis date. Although vorinostat is
not indicated for MM, it was included in our study since its
use among MM patients has been investigated in clinical
studies16. The following patients were excluded: patients
with receipt of MM therapy or unclassified antineoplastic

medications (HCPCS Code J9999) before the diagnosis date;
patients with evidence of receipt of more than one type of
PIs simultaneously; patients with missing information on
supply amounts of MM therapy that could not be imputed;
and patients with missing demographic information.

Data source
The CCAE and MDCR databases contain enrollment

information and information on the health insurance
claims of employees of large, self-insured corporations
and their dependents, along with a few commercial health
plans (CCAE) and for Medicare-eligible persons (mainly
retirees) who are also covered by self-insured employers
(MDCR), and they are fully de-identified and compliant
with the Health Insurance Portability and Accountability
Act of 199617. All claims include information on costs for
adjudicated claims including amounts paid by insurers
and patients. For each person in the databases, claim-level
data can be arrayed in chronologic order to provide a
detailed, longitudinal profile of all medical and pharmacy
services received. The databases have been used widely in
health services research over the past decade.

Identification of LOTs
The algorithm for identifying LOTs was determined

based on a previously published algorithm for transplant
ineligible patients18 that was adapted for TE patients
based on direct review of the temporal pattern of claims
for MM treatments by a clinical expert on the study team
(Dr. Fonseca, Mayo Clinic, Phoenix Arizona, US). For
each qualified patient, the date of initiation of L1 was
defined based on the date of first receipt of MM therapies
before the date of the first SCT claim. Patients who had
evidence of a second SCT within 1 year of the initial SCT
were assumed to have received tandem SCT. For each
patient, the date of L2 initiation was determined by the
date of the first MM therapy received after SCTs as
described in the Appendix. For L2 onward, the date of the
next LOT was based on the earliest of: (1) the date of the
first claim for a “new MM therapy,” defined as a MM
therapy for which there was no claim during the treat-
ment identification period; (2) the date of the first claim
for any MM therapy with a gap period greater than
90 days after the end of cycle; or (3) for patients who
received more than one type of PI during the treatment
identification period, the first date with a claim for the
second type of PI. Only the first three LOTs were con-
sidered in the analysis as the number of patients with
more than three LOTs was relatively small.

Disease progression and matching patients
For each qualified patient and LOT, progression status

was assessed based on claims observed during an “event
identification period”, defined as the first 12-month
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period after LOT initiation date (Fig. 1). Disease pro-
gression was defined as: (1) advancement to the next
LOT; (2) evidence of bone metastasis, hypercalcemia, soft
tissue plasmacytoma, skeletal related events, fractures,
acute kidney disease, and renal failure while off-therapy;
or (3) evidence of death (based on discharge status,
diagnosis codes, and receipt of hospice care that are
observed within 1 month of disenrollment, excluding the
disenrollment date of September 30, 2018, the end of
study period). For patients with progression, the “index
date” was defined as the date 30 days prior to documented
progression (in order to capture care during “prodromal”
period and terminal care for those who died). For patients
without progression, index date was randomly assigned to
ensure similar distribution of time from treatment
initiation to index date as for patients with progression.
Patient baseline clinical characteristics were assessed
during “pre-index period”, defined as 12 months prior to
index date. Patients with less than 12 months of con-
tinuous enrollment pre-index were excluded. Outcomes
of interest were examined over the “follow-up period”
defined as the period beginning with the index date and
ending with the end of the study period (September 30,
2018) or the end of post-index continuous enrollment,
whichever occurred first. For patients with claims for
unclassified antineoplastic medications, the follow-up
period was truncated on the date of the claim. When
patients on Commercial plan switched to Medicare plan,
the follow-up period was truncated at the date of the
switch. Analyzes were conducted by LOT; thus, each
patient could contribute to multiple analyses.

Outcomes and analysis
Annual HRU and total healthcare costs during the

follow-up period were calculated for each patient and
LOT. HRU measures included number of emergency
department visits, physicians’ office and outpatient hos-
pital visits, other outpatient visits, outpatient prescription
claims, inpatient admissions, and inpatient days. Cost
measures included costs of MM therapy (including
medication costs and costs of administration), costs of
SCT, costs of inpatient hospitalization not associated with
SCT, costs of outpatient services excluding services for
SCT or MM therapy, costs of outpatient pharmacy
excluding MM therapy, and total costs. The cost cate-
gories were assessed hierarchically in the order described
above. Costs were based on total paid amounts including
amounts paid by insurers and patients (i.e., patient con-
tributions were included). Costs were adjusted to 2018 US
dollars using consumer price index for medical care
published by Bureau of Labor and Statistics.
Annual HRU and costs were compared between

patients with versus without progression using stabilized
inverse probability of treatment weights (sIPTW)14 to
adjust for differences between the two groups in baseline
characteristics including year of index date, age, gender,
region, plan type, Medicare status, comorbidities, and pre-
index HRU and healthcare costs. For each LOT, IPTWs
were estimated using logistic regression with the pro-
gression status as the dependent variable and baseline
patient characteristics as independent variables. The
resulting predicted probability of progression was used to
calculate the weights. Average treatment effect (ATE)
weights were used. Stabilized weights were calculated
using the marginal probabilities of progression and no
progression. To adjust for difference in duration of
follow-up period, individual patients were also weighted
by duration of follow-up. P values were calculated using t-
test with stabilized IPTW, and the 95% confidence
intervals (CIs) were calculated based on the bootstrap
method with 2000 replicated samples.
For each LOT, expected cumulative total plan costs for

patients with versus without progression were calculated
using the Kaplan–Meier sampling average (KMSA)
method19, with disenrollment used in place of death. In
these analyzes, patients were censored when their disen-
rollment occurred at the end of the study period. To
evaluate temporal trends, a subgroup analysis was con-
ducted for LOTs initiated before and after 2013.

Results
Study patients
Of the 5309 adult MM patients who received one or

more MM therapies (including a stem cell transplant)
during the study period, 3599 qualified for the study,
including 934 patients with progression and 2665 without
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Fig. 1 Study design. For each LOT, progression status was assessed
based on claims observed during an “event identification period”,
defined as the first 12-month period after LOT initiation date (small
red circle). For patients with progression, the “index date” (large red
circle) was defined as the date 30 days prior to documented
progression (in order to capture care during the “prodromal” period
and terminal care for those who died). For patients without
progression, index date was randomly assigned to ensure similar
distribution of time from treatment initiation to index date as for
patients with progression. Footnote: Event = Progression or death.
LOT= Line of therapy. Mo=Month.
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progression during L1, respectively (Fig. 2). The numbers
of matched pairs of patients with and without progression
were 904 in L1, 482 in L2, and 244 in L3.

Baseline characteristics
Mean age at index date was 58 years, and 56% were

male (Table 1). In all LOTs, patients with progression had
more comorbidities than those without progression.
Number of emergency department visits, physicians’
office and other outpatient visits, and hospitalizations
during the 12-month period before index date (date of
progression) were all higher among patients with pro-
gression in all LOTs. Hospitalization costs and costs of
outpatient services during the pre-index period were
higher among patients with progression, but the cost of
outpatient prescription during the same period was higher
among patients without progression. With sIPTW
adjustment, all baseline characteristics were well balanced
with standardized mean differences (SMD) < 0.1 for all
characteristics for L1 and L2. For L3, SMDs were <0.1 for

most of the baseline characteristics except for baseline
costs for outpatient services and prescriptions, and
Charlson index (Fig. 3).

Healthcare utilization and costs
The mean number of hospitalizations per year was

greater for patients with versus without progression in all
LOTs, with differences ranging from 0.97 (95%CI 0.73,
1.22) for L2 to 0.32 (95%CI 0.20, 0.44) for L1 (Table 2 and
Fig. 4A, B). The mean number of outpatient visits per year
also was greater for patients with versus without pro-
gression in L1 through L3. With the exception of L2,
annual MM therapy costs were lower for patients with
versus without progression (Table 2 and Fig. 5A). Annual
costs of outpatient services, excluding visits associated
with MM therapy and hospitalization, were greater for
patients with versus without progression for all LOTs.
Total annual healthcare costs were greater for patients
with versus without progression in all LOTs with the
incremental annual costs (95%CI) of $18,359 ($2289–

Adult pa�ents with the first confirmed diagnosis of 
MM during the study period* 

(N = 58,946)

No gap in enrollment (≥1 day) during the 6-month 
period preceding the diagnosis date

(N = 3,736 )

Pa�ents with receipt of any of the MM therapies 
on or a�er the diagnosis date

(N = 30,906)

Receive the first SCT during the first year a�er the 
diagnosis date

(N = 5,309)
With gap in enrollment (≥1 day) during the 6-

month period preceding the diagnosis date
(N = 1,573)

Pa�ents without receipt of any of the MM 
therapies on or a�er the diagnosis date

(N = 28,040)

Did not receive the first SCT during the first 
year a�er the diagnosis date

(N = 25,597)

Without receipt of MM therapies or unclassified 
an�neoplas�c medica�ons before the diagnosis date

(N = 3,655)

With receipt of MM therapies or unclassified 
an�neoplas�c medica�ons before the 

diagnosis date (N = 81)

With no invalid LOTs **
(N = 3,608)

With at least one invalid LOTs **
(N = 47)

No gaps in enrollment (≥1 day) during the 30-day 
period beginning with the 1LOT ini�a�on date

(N = 3,599)

With gaps in enrollment (≥1 day) during the 
30-day period beginning with the 1LOT 

ini�a�on date  (N = 9)

Exclusions

Matched study subjects in 1LOT
(N = 1,808)

Unmatched in 1LOT
(N = 1,791)

With no invalid LOTs **
(N = 3,608)

Fig. 2 Patient selection. Footnote: LOT= Line of therapy. MM=Multiple myeloma. SCT= Stem cell transplant. *Confirmed diagnosis is defined as
at least one inpatient claim, or at least two non-diagnostic outpatient claims within 30 to 365 days apart with a diagnosis of MM (ICD-9-CM code
203.0x or ICD-10-CM code C90.0). **Missing information on supply amounts of MM therapy that could not be imputed, or at least one day with
evidence of receipt of multiple proteasome inhibitors simultaneously.
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$34,429), $87,055 ($61,778–$112,333), and $71,917
($36,452–$107,382) in L1, L2, and L3, respectively. These
incremental annual costs for patients with versus without
progression were mostly MM-related: $16,678 (91%),

$81,622 (94%), and $65,674 (91%) in L1, L2, and L3,
respectively.
The expected cumulative total plan costs estimated

using the KMSA method were reported every year post-
index as long as at least ten patients remained in both the

Table 1 Patient characteristics at index date by progression and LOT (for matched patients).

Characteristic L1 L2 L3

Without

progression

With

progression

Without

progression

With

progression

Without

progression

With

progression

(N= 904) (N= 904) (N= 482) (N= 482) (N= 244) (N= 244)

Age, year, mean(SD) 58.8 (8.1) 57.7 (8.1) 59.7 (8.4) 59.0 (8.3) 61.0 (8.7) 59.0 (8.3)

Females, N. (%) 410 (45.4) 370 (40.9) 217 (45.0) 207 (42.9) 108 (44.3) 96 (39.3)

On Medicare, N. (%) 194 (21.5) 139 (15.4) 102 (21.2) 92 (19.1) 63 (25.8) 40 (16.4)

Charlson index, mean (SD)a 1.25 (1.46) 1.53 (1.60) 1.01 (1.29) 1.30 (1.55) 1.25 (1.45) 1.54 (1.79)

Healthcare utilization, mean (SD)a

N. of ED visits 1.35 (2.07) 1.66 (3.06) 0.87 (1.55) 1.51 (4.42) 1.19 (3.46) 1.53 (2.86)

N. of PO or OP visits 35.5 (20.9) 37.6 (20.9) 30.9 (20.9) 33.2 (23.8) 31.4 (21.7) 37.1 (27.0)

N. of OP Rx 50.3 (25.6) 46.0 (34.5) 51.4 (27.9) 51.5 (35.8) 53.5 (31.0) 52.4 (33.8)

N. of hospitalizations 1.44 (1.32) 1.84 (1.69) 0.79 (1.19) 1.22 (1.62) 0.79 (1.29) 1.43 (1.72)

N. of inpatient days 13.5 (18.2) 17.1 (19.4) 7.5 (13.9) 10.5 (16.8) 6.0 (11.9) 10.9 (17.3)

Healthcare costs, $ in 2018 mean (SD)a

OP services 111,467 (90,502) 136,146 (105,538) 100,332 (127,078) 119,756 (113,076) 126,469 (147,263) 135,429 (115,274)

OP prescriptions 33,572 (24,975) 27,279 (27,648) 75,422 (53,026) 59,226 (52,013) 79,956 (63,438) 71,575 (57,123)

Inpatient Rx 79,295 (102,333) 104,748 (133,505) 43,009 (79,829) 68,174 (113,674) 36,577 (73,974) 60,034 (94,580)

Total healthcare costs 224,334 (149,795) 268,172 (187,016) 218,763 (167,353) 247,156 (176,767) 243,002 (189,773) 267,038 (175,016)

aCalculated over 12-month period prior to the index date.
ED emergency department, LOT line of therapy, N number, OP outpatient, PO physician office. Rx prescription, SD standard deviation

Fig. 3 Standardized Differences in Patient Characteristics. Differences among patients with versus without progression based on unweighted
and sIPTW analyses by LOT (unweighted standardized difference 0.1 or more in any LOT).
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“with progression” and “without progression” groups. The
incremental cumulative total healthcare costs among
patient with versus without progression were $11,863 for

L1, $68,414 for L2, and $98,507 for L3 at 1-year post-
index (Table 3). At subsequent years post-index, however,
patients in L1 with progression had lower costs than those
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Fig. 4 IPTW adjusted annual healthcare resource utilization among patients with versus without progression by LOT. A Outpatient visits
between 2006 and 2018; B Hospitalization between 2006 and 2018; C Outpatient visits between 2006 and 2012; D Hospitalization between 2006 and
2012; E Outpatient visits between 2013 and 2018; F Hospitalization between 2013 and 2018.
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patients with versus without progression by LOT. A LOTs initiated
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without progression, while patients in L2 and L3 with
progression had higher costs than those without
progression.

LOTs initiated between 2006–2012 and 2013–2018
The subgroup analysis was conducted for LOTs initiated

before and after 2013 to assess temporal trends in impact
of progression. For LOTs initiated during the period from
2006 to 2012, the mean number of hospitalizations per year
were greater for patients with versus without progression in
all LOTs, and the number of outpatient visits per year were
greater for patients with versus without progression in L1
and L2 (Table 2 and Fig. 4C, D). Total annual healthcare
costs also were greater for patients with versus without
progression for all LOTs initiated during this period, with
the incremental annual costs of $1467 (95%CI $-18.708–
$21,642), $69,734 (95%CI $30,221–$109,247), and $28,127
(95%CI $-28.107–$84,360) in L1 to L3, respectively (Table
2 and Fig. 5B). For LOTs initiated during the period from
2013 to 2018, the mean number of hospitalizations per year
and the number of outpatient visits per year were greater
for patients with versus without progression in all LOTs
(Table 2 and Fig. 4E, F). Total annual healthcare costs also
were greater for patients with versus without progression
for all LOTs initiated during this period, with the incre-
mental annual costs of $46,024 (95%CI $20,647–$71,400),
$100,329 (95%CI $67,909–$132,748), and $101,942 (95%CI
$56,762–$147,122) in L1–L3, respectively (Table 2 and
Fig. 5C).
KMSA estimates of incremental cumulative total

healthcare costs at 1-year post-index among patient with
versus without progression were $35,279 for L1, $67,664
for L2, and $110,252 for L3 (Table 3). At subsequent years
post-index, patients with progression had higher costs in
all LOTs except for year 4 among L1s.

Discussion
In this study using data from a large health insurance

claims database, MM patients who received transplant
and medical therapy who experienced progression within
1 year of initiating treatment had higher mean annual
numbers of hospitalization and outpatient visits and
higher mean annual costs and expected cumulative costs
at 1 year after progression than similar patients who did
not experience progression. Increased HRU and costs
were observed for patients with versus without progres-
sion in all LOTs and for all outcome measures except for
cost of MM therapy in L1–L3. The decrease in annual
costs of MM therapy with progression in these lines may
reflect unplanned therapy discontinuation as a result of
encountering an event such as bone metastasis, hyper-
calcemia, soft tissue plasmacytoma, skeletal related
events, acute kidney disease that were a part of the defi-
nition of progression.

This study is subjected to limitations inherent in the use
of administrative claims data. These include mis-
identification of study subjects and inaccurate assessment
of baseline characteristics and study outcomes due to
errors in coding or lack of sensitivity and specificity of
diagnosis and procedure codes for clinical outcomes.
Also, it is possible that study patients may have been
participating in clinical trials or patient assistance pro-
grams, for whom some costs would be covered by the
sponsors, and therefore not captured in the databases.
The extent to which any such information bias might the
affect comparisons is unknown. Although patients in the
MarketScan database are geographically diverse, they may
not be representative of all patients in the US. In parti-
cular, individuals employed by small- to medium-sized
employers are likely underrepresented in the commercial
database, and patients enrolled in Medicare Advantage
(Part C) plans (~31% of all Medicare beneficiaries) are
largely absent from the Medicare database20. Although we
attempted to control for baseline characteristics using
inverse probability of treatment weighting, data on some
clinical characteristics (e.g., bone marrow biopsy and
serum protein test results) were unavailable and the
possibility that comparisons between cohorts were con-
founded by unmeasured characteristics must be recog-
nized. While the algorithm used to identify lines of
therapy in this study was based on one used in prior
studies6,18, the algorithm has not been clinically validated,
and lines of therapy might have been misclassified in some
instances. Progression was identified based on advance-
ment to the next LOT, evidence of events indicative of
progression, or evidence of death. While it was expected
that these proxies captured the majority of progression
events, their sensitivity and specificity are unknown.

Conclusions
For MM patients receiving transplant and drug therapy,

the economic burden of disease is greater among patients
who progressed within 12 months of treatment initiation
than those who do not, possibly highlighting the impact of
early relapse and aggressive disease. This pattern was
observed across all LOTs and time periods. Treatments
that delay progression may yield important reductions in
downstream disease management costs. These savings
should be considered in frameworks assessing the value of
innovative treatments for MM.
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