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ABSTRACT

Purpose: Maintenance therapy after autologous
stem cell transplantation (ASCT) improves clinical out-
comes in multiple myeloma (MM), but the effect of
continued treatment with lenalidomide-only mainte-
nance, or any maintenance, on health care resource uti-
lization (HCRU) is largely unknown.

Methods: Here we present an analysis of HCRU
and clinical outcomes in a cohort of patients from the
Connect MM registry, the largest, ongoing, observa-
tional, prospective US registry of patients with symp-
tomatic newly diagnosed MM. In this study, patients
with newly diagnosed MM who completed induction
and single ASCT without subsequent consolidation
received lenalidomide-only maintenance (n=180), any
maintenance (n=256), or no maintenance (n=165).
HCRU (hospitalization, surgery/procedures, and con-
current medications [growth factors, bisphosphonates,
or neuropathic pain medication]) was assessed starting
from 100 days post-ASCT for up to 2 years.

Findings: Although the rates of hospitalization per
100 person-years were similar across groups at the end
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of years 1 and 2, the median duration of hospitaliza-
tion was numerically longer with no maintenance. The
rates of use of growth factors, bisphosphonates, and
neuropathic pain medication were generally similar in
all 3 groups. The receipt of any maintenance was asso-
ciated with significantly reduced use of neuropathic
pain medications during year 1. Of note, lenalidomide-
only maintenance was associated with significantly lon-
ger progression-free survival (54.5 vs 30.4 months;
hazard ratio [HR]=0.58; 95% CI, 0.43-0.79;
P =0.0005) and overall survival (OS) (median OS not
reached in either group; HR=0.45; 95% CI,
0.28—0.73; P =0.001) compared with no maintenance.
Likewise, the group treated with any maintenance had
significantly longer median progression-free survival
(44.7 vs 30.4 months; HR = 0.62; 95% CI, 0.47—0.82;
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P=0.0008) and OS (median OS not reached in either
group; HR=0.50; 95% CI, 0.33-0.76; P=0.001)
than did the group that did not receive maintenance.

Implications: These findings suggest that in this
largely community-based study population, post-ASCT
maintenance therapy, including lenalidomide-only
maintenance, improves clinical outcomes without nega-
tively affecting HCRU. ClinicalTrials.gov identifier:
NCT01081028. (Clin Ther. 2018;40:1193—1202) ©
2018 The Authors. Published by Elsevier Inc. This is an
open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Key words: health care, maintenance therapy, newly
diagnosed multiple myeloma.

INTRODUCTION
In the United States, multiple myeloma (MM) is the sec-
ond most common hematologic malignancy, account-
ing for an estimated 30,300 new diagnoses in 2016." In
recent years, the prognosis in patients with newly diag-
nosed (ND) MM has improved considerably, with
response rates of >80% and median progression-free
survival (PFS) exceeding 40 months.” ® New options
for induction therapy, including the proteasome inhibi-
tor bortezomib and the immunomodulatory drug lena-
lidomide, have changed the therapeutic paradigm of
MM and offer hope for better clinical outcomes.”’
Autologous stem cell transplantation (ASCT) is the
standard of care for NDMM. *%* " Despite improve-
ments in treatment, ASCT is curative in only a subset
of patients, with more than half of patients relapsing
within 2 to 3 years of ASCT without post-ASCT treat-
ment.”*”!">!2 Thus, a key treatment goal for trans-
plant-eligible patients with NDMM is to extend post-
ASCT remission. Several randomized studies have
significant benefit among
patients who received lenalidomide maintenance ther-
apy post-ASCT.”*’ A recent meta-analysis of data
from the studies CALGB 100104 (Cancer and Leuke-
mia Group B), IFM 2005-02 (Intergroupe Franco-
phone du Myelome), and GIMEMA RV-209 (Gruppo
Italiano Malattie Ematologiche dell'Adulto) found a
significant improvement in median overall survival
(OS) that was independent of post-ASCT response and
was consistent across subgroups examined."”
Although the clinical benefits of lenalidomide main-
tenance are well documented, the effect of continued

demonstrated clinical
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lenalidomide treatment on health care resource utiliza-
tion (HCRU) remains to be determined. HCRU data
can be beneficial in characterizing the impact of various
toxicities that may be associated with a continuous
maintenance therapy and have the potential to affect
the choice of maintenance therapy. Connect MM™ is a
large, noninterventional, US-based prospective registry
of data on >3000 patients with NDMM from 250 aca-
demic-, government-, and community-based centers.
Most patients (84%) were enrolled at community-
based oncology centers. This registry was designed to
examine diagnostic patterns, common first-line treat-
ment regimens, and subsequent therapeutic strategies
in patients with NDMM.'*"® The present study ana-
lyzed data from the Connect MM registry to assess the
effects of any maintenance, lenalidomide-only mainte-
nance, and no maintenance on treatment outcomes
and HCRU after ASCT in patients with NDMM.

PATIENTS AND METHODS
Registry Design and Patient Eligibility
As previously described,'” Connect MM is an observa-
tional, prospective, multicenter registry (clinicaltrials.
gov identifier: NCT01081028) that collects longitudi-
nal data on patients with NDMM in the United States.
Participation in the registry was voluntary, and to min-
imize bias, enrollment was competitive (ie, each conse-
cutive patient was screened for enrollment). Medical
treatment was administered per physician discretion,
including all medications, follow-up visits, and any lab-
oratory testing. Eligible patients were aged >18 years
and were diagnosed with symptomatic previously
untreated MM within 60 days before study entry. All
patients who provided signed informed consent were eli-
gible for registry inclusion. Patients were followed up
quarterly for treatment and outcomes until study end or
early discontinuation (eg, due to death, withdrawal of
consent, or loss to follow-up). MM was evaluated per
International Myeloma Working Group criteria.'®

The registry comprises 2 cohorts. The analysis pop-
ulation in the present study included patients in cohort
1 (n=1493), who enrolled between September 2009
and December 2011 (data cutoff, January 7, 2016) and
underwent single ASCT. Median time from diagnosis
to enrollment was 25 days. To reduce potential sources

* Trademark of Celgene Corporation (Summit, New
Jersey).
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of bias, patients who received allogeneic and unknown-
type transplant, tandem transplant, first transplant
after first progression, or consolidation prior to main-
tenance in course 1, and patients in the top 5% of time
to start of maintenance, were excluded. Thus, we did
not expect a healthy survival effect.

Assessments

Three comparison groups were defined as no main-
tenance, any maintenance, and lenalidomide-only
maintenance. The any-maintenance group included
patients who received lenalidomide maintenance. The
primary comparison in this study was lenalidomide-
only maintenance versus no maintenance. Inclusion in
maintenance groups required initiating maintenance
treatment at >100 days after transplantation.

The clinical outcomes (PFS and OS) and HCRU (hos-
pitalization; use of growth factors, bisphosphonates, or
neuropathic pain medication; intensive care unit [ICU]
admission; and surgery/procedures) were assessed.

HCRU periods are shown in Figure 1. In the no-
maintenance group, the year-1 period began on the
date of transplantation plus 100 days and ended on the
date of transplantation plus 1 year and 100 days, or at
the time of death, discontinuation, or data cutoff
(whichever occurred first). In the maintenance groups,
the year-1 period began on the date of transplantation
plus 100 days or at the start of maintenance (whichever
occurred later) and ended at the earlier of 1 year from
either the date of transplantation plus 100 days or
from the start of maintenance (whichever occurred
later) or at the date of death, discontinuation, or data
cutoff (whichever occurred first).

First Induction Transplant 100 days Year1 Year2

Treatment Date Post-Transplant J l

Any Maintenance*

Comparison Groups

Baseline disease Post-transplant disease

characteristics characteristics measured
at time of study days 10 to 100 after
enroliment transplant

Figure 1. Connect MM health care resource utiliza-
tion study schema. LEN =lenalidomide;
SCT = stem cell transplantation; T = Time.
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In the no-maintenance group, the year-2 period
began with the date of transplantation plus 1 year and
101 days, ending on the date of transplantation plus
2 years and 101 days, or at the time of death, discontin-
uation, or data cutoff (whichever occurred first). In the
maintenance group, the year-2 period began on the
date of transplantation plus 100 days or at the start of
maintenance (whichever occurred later) plus 1 year
and 1 day, ending at the earlier of 2 years and 1 day
from either the date of transplantation plus 100 days
or from the start of maintenance (whichever occurred
later) or on the date of death, discontinuation, or data
cutoff (whichever occurred first).

Statistical Analysis

Multivariate Cox regression was used to estimate
PFS and OS across treatment groups, adjusted for the
following covariates, which differed between groups:
baseline creatinine level, stage on the International
Staging System for MM,'” presence of del(17p), history
of monoclonal gammopathy of unknown significance,
and first-line triplet, lenalidomide, and bortezomib
therapy use. The complete list of variables included in
the analysis are listed in the Supplemental Table in the
online version at doi:10.1016/j.clinthera.2018.05.017.
HCRU end points were defined as the number of hospi-
talizations per patient, number of procedures and sur-
geries per patient, and whether the patient was taking
any growth factor, bisphosphonate, or concurrent
medication for neuropathic pain (all yes or 70). Miss-
ing covariate data were imputed using an iterative
regression, single-imputation method. Incidence rate
ratios of hospitalizations and procedures/surgeries,
95% CI, and P values were calculated using a general-
ized linear model, with the negative binomial distribu-
tion and duration of exposure as offsets. Odds ratios
(ORs) for other end points, 95% ClIs, and P values
were calculated using a logistic regression model.

RESULTS

Patient Characteristics

Between September 2009 and December 2011, 1493
patients in cohort 1 had enrolled in the Connect MM
registry. Of the 1450 patients who received treatment,
1173 (80.9%) were from community-based sites, 259
(17.9%) were from academic-based sites, and 19
(1.2%) were from government-based sites. A total of
488 patients received ASCT in the first line, and the
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Protocol Eligible
(n = 1493)
Treated
(n = 1450)

Received ASCT in
First Line

Not Treated
(n=43)

No ASCTin
First Line

(n =962)

Ineligible

(n=67)

No Maintenance
(n = 165)

Figure 2. Patient disposition in cohort 1.
ACST = autologous stem cell trans-
plantation; LEN = lenalidomide.

Resource Utilization
Population

Any Maintenance
(n = 256)

LEN-Only Maintenance
(GERE:)]

HCRU population consisted of 421 patients (Figure 2).
Among patients in the HCRU population, 256
(60.8%) received maintenance therapy (180 [42.8%],
lenalidomide monotherapy; 76 [30%], other therapy
[most commonly lenalidomide combination therapy
(n=41), bortezomib (n=19), or bortezomib in combi-
nation with dexamethasone (n=9)]), and 165 (39.2%)
received no maintenance. The baseline characteristics
of patients in the lenalidomide-only maintenance, no-
maintenance, and any-maintenance groups were gener-
ally similar except for stage on the International Stag-
ing System for Multiple Mpyeloma, history of
monoclonal gammopathy of unknown significance,
presence of del(17p), and induction regimen (Table I).
The median age in all 3 groups was 60 years (range,
2478 years), with ~30% of patients being 65 years
of age or older. Approximately 60% of patients were
male and 86 % were white.

Efficacy

The median duration of lenalidomide-only mainte-
nance was 27.3 months, and the median duration of
any maintenance was 25.8 months. After a median fol-
low-up of 39.3 months, the group treated with lenali-
domide-only maintenance had a significantly longer
median PFS (54.5 vs 30.8 months; HR =0.58; 95% CI,
0.43—0.79; P=0.0005) (Figure 3A) and OS (median
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OS not reached in either group; HR =0.45; 95% CI,
0.28—-0.73; P=0.001) (Figure 3B) than did the group
that did not receive maintenance. Likewise, the group
treated with any maintenance had a significantly longer
median PFS (44.7 vs 30.4 months; HR =0.62; 95% CI,
0.47—-0.82; P=0.0008) (Figure 4A) and OS (median
OS not reached in either group; HR =0.50; 95% CI,
0.33—0.76; P=0.001) (Figure 4B) than did the group
that did not receive maintenance.

Health Care Resource Utilization Analyses

The numbers of patients with any hospitalization,
hospitalization rates per 100 patient-years (PYs), and
hospitalization incidence rate ratios during years 1 and
2 were similar across all 3 groups (Table II). Figure 5
provides the percentages of patients with 0 to 5 hospi-
talizations; no significant between-group differences
were found. In the no-maintenance, lenalidomide-only
maintenance, and any-maintenance groups, the median
durations of hospitalization were 10.5, 5.0, and
5.5 days, respectively, during year 1. During year 2,
the median durations of hospitalization were 9.0, 7.0,
and 6.0 days, respectively. The differences did not
reach statistical significance. Moreover, the numbers of
patients who underwent any procedure/surgery (see
Supplemental Figure in the online version at
doi:10.1016/j.clinthera.2018.05.017), procedure and
surgery rates per 100 PYs, and incidence rate ratios
during years 1 and 2 were similar across the 3 groups
(Table II).

Although the rates of use of growth factors,
bisphosphonates, and neuropathic pain medications
were generally similar across the 3 groups (Table II),
the group that received any maintenance had a signifi-
cant reduction in neuropathic pain medication use dur-
ing year 1 (OR =0.50; 95% CI, 0.27—0.94; P =0.03).
Lenalidomide-only maintenance was associated with a
nonsignificant reduction in the use of neuropathic pain
medication during year 1 (OR=0.57; 95% CI,
0.29-1.12; P=0.10)

DISCUSSION

To the best of our knowledge, this is the first report
that has addressed HCRU associated with maintenance
therapy in NDMM. This analysis of data from the
Connect MM patient registry shows that the use of
maintenance therapy generally, and lenalidomide
maintenance  specifically, significantly improved
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Table I. Patient and disease characteristics at baseline. Data are given as number (%) of patients unless other-
wise noted.

Maintenance

Characteristic No Maintenance (n=165) LEN Only* (n=180) Any (n=256)
Age

Median (range), y 60 (27-75) 60 (24—74) 60 (24-78)

Group

<65y 113 (68) 127 (771) 171 (67)
65—<75y 51(31) 53 (29) 82 (32)

Male 93 (56) 108 (60) 159 (62)
Race

White 139 (84) 152 (84) 221 (86)

Black 18 (11) 22 (12) 27 (11)

Asian 1(1) 0 1(<1)

Other 1(1) 2(1) 2(1)

Not specified 6 (4) 4(2) 5(2)
ECOG PS

Oor1 113 (68) 123 (68) 163 (64)

20r3 7 (4) 9(5) 21(8)

Not specified 45 (27) 48 (27) 72 (28)
ISS stage

[ 50 (30) 51(28) 73 (29)

I 36 (22) 56 (31) 72 (28)

1] 44 (27) 37 (21) 58(23)

Not specified 35(21) 36 (20) 53 (21)
Serum creatinine

>2.0 mg/dL 31(19) 19 (11) 28 (11)

<2.0 mg/dL 134 (81) 161 (89) 228 (89)
History of MGUS 19 (12) 9(5) 13 (5)
Del(17p)

Yes 9(5) 5(3) 15 (6)

No 67 (41) 87 (48) 111 (43)

Not provided 89 (54) 88 (49) 130 (51)
Induction

Bortezomib in first regimen 130 (79) 154 (86) 226 (88)

Triplet treatment 85(52) 117 (65) 160 (63)

Lenalidomide in first regimen 83 (50) 111 (62) 144 (56)

ECOG PS = Eastern Cooperative Oncology Group performance status; ISS = International Staging System for Multiple Mye-
loma'’; LEN = lenalidomide; MGUS = monoclonal gammopathy of unknown significance.
* Subset of any maintenance group.

survival outcomes relative to no maintenance treat- Hospitalization rates were similar across patients
ment. In general, the use of maintenance therapy or receiving lenalidomide-only maintenance, any mainte-
not, had no appreciable effect on HCRU as measured nance, and no maintenance, although the median dura-
in this study. tion of hospitalization was numerically longer in
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Figure 3. Progression-free (A) and overall (B) survival in patients treated with lenalidomide-only maintenance and

no maintenance.

patients not receiving maintenance therapy versus the
other groups. In addition, there were similar rates of
procedures and surgeries, and use of growth factors,
bisphosphonates, and neuropathic pain medication in
both years 1 and 2. Of note, the only HCRU factor
analyzed that reached significance was neuropathic
pain medication use, which was significantly reduced
in the any-maintenance group during year 1.

Several randomized trials have demonstrated that
post-ASCT  lenalidomide maintenance significantly
extends the duration of remission compared to no
maintenance.”"’ A recent meta-analysis of these 3
Phase III trials showed a significant survival benefit
with lenalidomide compared to no maintenance (OS:
HR =0.75; log-rank P=0.001)."® The results of our
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analysis (OS: HR=0.45; P=0.001), in a primarily
community-based setting, are aligned with previous
findings.”*>>'""*! The present analysis demonstrated
significant increases in PFS and OS in patients with
NDMM receiving lenalidomide-only maintenance and
any maintenance relative to no maintenance.

While treatments have demonstrated
improved clinical outcomes among patients with MM,
increased treatment costs on relapse are making it
increasingly important to evaluate economic outcomes
associated with maintenance therapy.”>*> Among the
few studies that have addressed HCRU in MM, one by
Fonseca et al” reported that in patients with NDMM,
including those who did and did not undergo ASCT,
non—drug-related costs, primarily outpatient services
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Figure 4. Progression-free (A) and overall (B) survival in patients treated with any maintenance and no maintenance.
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Table Il.

Parameter/ Time Point/Statistic

Hospitalization
Year 1
No. (%) of patients with any hospitalization
Rate per 100 PY
Incidence rate ratio (95% Cl)
P
Duration, median (IQR), d
P
Year 2
No. (%) of patients with any hospitalization
Rate per 100 PY
Incidence rate ratio (95% Cl)
P
Duration, median (IQR), d
P
ICU admissions
Year 1
No. (%) of patients with any ICU admission
Duration, median (IQR), d
Year 2
No. (%) of patients with any ICU admission
Duration, median (IQR), d
Procedures and surgeries
Year 1
No. (%) of patients with any procedure/surgery
Rate per 100 PY
Incidence rate ratio (95% Cl)
P
Year 2
No. (%) of patients with any procedure/surgery
Rate per 100 PY
Incidence rate ratio (95% Cl)
P
Growth factor use
Year 1
No. (%) of patients with any growth factor use
Odds ratio (95% Cl)
P
Year 2
No. (%) of patients with any growth factor use
Odds ratio (95% Cl)
P

July 2018

No Maintenance

n=165

30 (18)
32.9

1 (Ref)
Ref

10.5 (5.0—18.0)

Ref
n=134
31(23)

45.2
1 (Ref)
Ref

9.0 (5.0—19.0)

Ref

n=165
2(1)

14.0 (10.0—18.0)

n=134
3(2)

4.0 (2.0—17.0)

n=165
27 (16)
30.9
1
Ref
n=134
16 (12)
27.3
1
Ref

n=165
15(9.1)
1
Ref
n=134
14 (10.4)
1
Ref

R.M. Rifkin et al.

Health care resource utilization during years 1 and 2 after autologous stem cell transplantation.

Maintenance

LEN Only* Any
n=180 n=256
33(18) 52 (20)

28.7 30.7
0.82(0.44—1.52) 0.86 (0.50—1.46)
0.53 0.57
5.0 (4.0-14.0) 5.5(4.0-13.5)
0.91 0.71
n=173 n=242
31(18) 47 (19)
32.0 33.4
0.65(0.34—-1.24) 0.72(0.41-1.28
0.19 0.27
7.0 (4.0-11.0) 6.0 (4.0-12.0
0.62 0.79
n=180 n=256
3(2) 6(2)
2.0(1.0-5.0) 4.0 (2.0-6.0)
n=173 n =242
4(2) 8 (3)
2.5(1.5—-4.0) 2.5(1.5-3.5)
n=180 n=256
29 (16) 42 (16)

28.1 30.7
0.91 (0.47—-1.75) 1.00(0.55—1.79)
0.77 0.99
n=173 n=242
23 (13) 39 (16)
23.4 26.7
0.72 (0.32—-1.62) 0.86(0.44—1.68)
0.42 0.66
n=180 n=256
14 (7.8) 24 (9.4)
0.74 (0.34—1.65) 0.99(0.49—-2.00)
0.47 0.97
n=173 n=242
10 (5.8) 19(7.9)
0.51(0.22—1.22) 0.79(0.37—1.66)
0.13 0.53

(continued )
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Table ll.  (Continued)

Parameter/ Time Point/Statistic

Bisphosphonate use
Year 1
No. (%) of patients with any bisphosphonate use
Odds ratio (95% ClI)
P
Year 2
No. (%) of patients with any bisphosphonate use
Odds ratio (95% Cl)
P
NP pain medication use
Year 1
No. (%) of patients with any pain medication use
Odds ratio (95% Cl)
P
Year 2
No. (%) of patients with any pain medication use
Odds ratio (95% Cl)
P

P values are versus no-maintenance group.

Maintenance

No Maintenance LEN Only* Any
n=165 n=180 n=256
28(17.0) 39(21.7) 51(19.9)
1 1.38(0.79—2.42) 1.19(0.71-2.01)
Ref 0.26 0.51
n=134 n=173 n=242
20 (14.9) 18 (10.4) 25(10.3)
1 0.64(0.32—1.29) 0.60(0.31—1.15)
Ref 0.21 0.13
n=165 n=180 n=256
26 (15.8) 17 (9.4) 22 (8.6)
1 0.57 (0.29—-1.12) 0.50(0.27—-0.94)
Ref 0.10 0.03
n=134 n=173 n=242
6 (4.5) 8 (4.6) 12 (5.0)
1 0.92 (0.30—2.81) 1.00(0.36—2.81)
Ref 0.89 1.00

ICU = intensive care unit; IQR = interquartile range; LEN = lenalidomide; NP = neuropathic; PY = patient-year.

* Subset of any maintenance group.

and inpatient admissions, accounted for the majority of
treatment costs. Similarly, costs during treatment of
relapsed/refractory MM were largely attributable to
hospital admissions.”*”* Another study conducted in
the relapsed/refractory setting found that maintenance
therapy may reduce total costs by lengthening the
period of lower-cost treatment.”> HCRU was analyzed
in the present study since the Connect MM registry did
not collect cost information. All information collected
in the registry is either patient- or physician-reported,
which has limitations. For example, generally patients
provide out-of-pocket costs, not insurance-company
payments, and physicians are unaware of the costs
incurred by health care system visits. In addition, it is
challenging to accurately estimate the costs of oral ver-
sus infusional treatment, and not all adverse events
were collected, making the estimation of costs due to
toxicities difficult. With maintenance therapy, there are
expected to be additional costs of the actual treatment,
but in the absence of a negative impact on quality of
life”> and taking into account the significant survival

1200

benefit, patients have the potential to benefit from
maintenance therapy.

Although this observational registry study provides
insight into baseline factors, treatment patterns and a
variety of outcomes in clinical practice, in patients
treated largely at community-based oncology centers,
limitations of registries should be acknowledged. These
limitations include the nonrandomized nature of the
study, the lack of mandate for specific treatments (inves-
tigator selection) or response assessments, and the varia-
tions in treatment duration and intensity. As in any
observational study, there is also a potential for missing
and erroneous data. However, a strength of this registry
is the ability to query sites for more information on ques-
tionable data. Furthermore, by applying multiple impu-
tation methods in the analyses, the impact of
missingness should be substantially mitigated. The pres-
ent analysis was limited by the small sample size. Also,
HCRU measures were limited to those items collected by
the registry with sufficient data for reliable analysis, and
cost data were not collected. Despite these limitations,
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Figure 5. Number of patients with 0 to 5 hospitaliza-
tions, per treatment group. “Years 1 and 2
from 100 days after autologous stem cell
transplantation. LEN = lenalidomide.

the present study provides new information regarding
the impact of maintenance therapy on HCRU.

CONCLUSIONS

Findings from the present study indicate that lenalido-
mide-only maintenance and any maintenance signifi-
cantly improved survival outcomes relative to no
maintenance after ASCT, without increasing HCRU in
this population of patients with NDMM in clinical
practice. The results of the present study require further
validation in a larger-scale cohort.

ACKNOWLEDGMENTS
The authors received editorial assistance from Bio Con-
nections (Chicago, Illinois).

Dr. Rifkin performed a supervisory role during
manuscript development. Drs. Rifkin and Hardin pro-
vided critical review of the analysis plan. All of the
authors participated in critical revision of the manu-
script, participated sufficiently to take public responsi-
bility for the manuscript, and approved the final
version for submission.

July 2018

R.M. Rifkin et al.

CONFLICT OF INTEREST

This study and editorial assistance were supported by
research funding from Celgene Corporation, the manu-
facturer of lenalidomide.

R.M. Rifkin owns stock options in McKesson and
has received consultant's fees from Amgen, Boehringer
Ingelheim, Celgene, EMD Serono, Sandoz, and
Takeda. S. Jagannath has received consultant's fees
from Bristol-Meyers Squibb, Celgene, Merck, and
Novartis and has been a member of the speakers'
bureaus at Multiple Myeloma Research Foundation
(MMRF) and Medicom. B.G.M. Durie has received
consultant's fees from Janssen and Takeda. M. Narang
has received consultant's fees from Celgene and has
been a member of the speakers' bureaus at Celgene and
Janssen. H.R. Terebelo has received consultant's fees
from Celgene and has been a member of the speakers'
bureaus at AbbVie, Janssen, Pharmacyclics, and
Takeda. C.]. Gasparetto has received consultant's fees
from Celgene, Janssen, and Takeda; research funding
from Celgene; and travel expenses from Celgene and
Janssen. K. Toomey has received consultant's fees from
Celgene, has been a member of the speakers' bureau at
Myriad Genetics, and has received travel expenses
from Dava Oncology. J.W. Hardin has received con-
sultant's fees from Celgene. L. Wagner has received
consultant's fees from EveryFit, Gilead, and Janssen.
K. Parikh, S. Abouzaid, A. Kitali, and F. Zafar own
equity in Celgene. S. Srinivasan holds patent ownership
at Celgene. R. Abonour has received research funding
from Celgene, Prothena, and Takeda. The authors
have indicated that they have no other conflicts of
interest with regard to the content of this article.

Study sponsors were involved in study design; in the
collection, analysis, and interpretation of data; and in
the writing of the manuscript.

SUPPLEMENTAL MATERIAL

Supplemental material accompanying this article can
be found in the online version at doi:10.1016/j.clin
thera.2018.05.017.

REFERENCES
1. Howlader N, Noone AM, Krapcho M, eds. SEER Cancer Sta-
tistics Review. Bethesda, MD: National Cancer Institute;
1975-13.http://seer.cancer.gov/statfacts/html/mulmy.
html. Accessed 31 March 2017.

1201


doi:10.1016/j.clinthera.2018.05.017
doi:10.1016/j.clinthera.2018.05.017
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006

Clinical Therapeutics

10.

. Attal M, Lauwers-Cances V, Marit G,

et al. Lenalidomide maintenance
after stem-cell transplantation for
multiple myeloma. N Engl | Med.

2012;366:1782-1791.

. Durie BG, Hoering A, Abidi MH,

et al. Bortezomib with lenalidomide
and dexamethasone versus lenalido-
mide and dexamethasone alone in
patients with newly diagnosed mye-
loma without intent for immediate
autologous  stem-cell
(SWOG S0777): a
open-label, phase 3 trial. Lancet.
2017;389:519-527.

transplant
randomised,

. McCarthy PL, Owzar K, Hofmeister

CC, et al. Lenalidomide after stem-
cell transplantation for multiple mye-
loma. N Engl | Med. 2012;366:1770-
1781.

. Palumbo A, Cavallo F, Gay F, et al.

Autologous  transplantation  and
maintenance therapy in multiple
myeloma. N Engl | Med. 2014;371:

895-905.

. Attal M, Lauwers-Cances V, Hulin C,

et al. Lenalidomide, bortezomib, and
dexamethasone with transplantation
for myeloma. N Engl | Med.
2017;376:1311-1320.

. Fonseca R, Abouzaid S, Bonafede M,

Trends in overall survival
and costs of multiple myeloma,
2000-2014. Leukemia. 2017;31:1915-

1921.

et al.

. Gay F, Oliva S, Petrucci MT, et al.

Autologous transplant vs oral che-
motherapy and lenalidomide in newly
diagnosed young myeloma patients:
a pooled analysis. Leukemia. 2017;31:
1727-1734.

. Child JA, Morgan GJ, Davies FE, et al.

High-dose with

hematopoietic stem-cell rescue for

chemotherapy

multiple myeloma. N Engl | Med.
2003;348:1875-1883.

Shah N, Callander N, Ganguly S,
et al. Hematopoietic stem cell trans-
plantation for multiple myeloma:
guidelines from the American Society
for Blood and Marrow Transplanta-
tion. Biol Blood Marrow Transplant.
2015;21:1155-1166.

1202

11.

12.

13.

14.

15.

16.

17.

18.

19.

Attal M, Harousseau JL, Facon T,
et al. Single versus double autologous
stem-cell transplantation for multiple
myeloma. N Engl | Med. 2003;349:
2495-2502.

Attal M, Harousseau JL, Stoppa AM,
et al. A prospective, randomized trial
of autologous bone marrow trans-
plantation and chemotherapy in mul-
tiple myeloma. Intergroupe Francais
du Myelome. N Engl | Med.
1996;335:91-97.

Attal M, Palumbo A, Holstein SA,
et al. Lenalidomide (LEN) mainte-
nance (MNTC) after high-dose mel-
phalan and autologous stem cell
transplant (ASCT) in multiple mye-
loma (MM): a meta-analysis (MA) of
overall survival (OS). J Clin Oncol.
2016;34(suppl). Abstract 8001.
Rifkin RM, Abonour R, Shah JJ, et al.
Connect MM—the Multiple Myeloma
Disease Registry: incidence of second
primary malignancies in patients
treated with lenalidomide. Leuk Lym-
phoma. 2016;57:2228-2231.

Rifkin RM, Abonour R, Terebelo H,
et al. Connect MM Registry: the
importance of establishing baseline
disease characteristics. Clin Lymphoma
Myeloma Leuk. 2015;15:368-376.

Kyle RA, Rajkumar SV. Criteria for
diagnosis, staging, risk stratification
and response assessment of multiple
myeloma. Leukemia. 2009;23:3-9.
Greipp PR, San Miguel J, Durie BG,
et al. International staging system for
multiple myeloma. J Clin Oncol.
2005;23:3412-3420.

McCarthy PL, Holstein SA, Petrucci
MT, et al. Lenalidomide maintenance
after autologous stem cell transplan-
tation in newly diagnosed multiple
myeloma: a meta-analysis. J Clin
Oncol. 2017;35:3279-3289.

Palumbo A, Hajek R, Delforge M,
et al. Continuous lenalidomide treat-
ment for newly diagnosed
multiple myeloma. N Engl | Med.
2012;366:1759-1769.

20.

21.

22.

23.

24.

25.

Benboubker L, Dimopoulos MA, Dis-
penzieri A, et al. Lenalidomide and
dexamethasone in transplant-ineligi-
ble patients with myeloma. N Eng/ J
Med. 2014;371:906-917.

Holstein SA, Jung SH, Richardson
PG, et al. Updated analysis of CALGB
(Alliance) 100104 assessing lenalido-
mide versus placebo maintenance
after single autologous stem-cell
transplantation for multiple mye-
loma: a randomised, double-blind,
phase 3 trial. Lancet Haematol.
2017;4:e431-e442.

Arikian SR, Milentijevic D, Binder G,
et al. Patterns of total cost and eco-
nomic consequences of progression
for patients with newly diagnosed
multiple myeloma. Curr Med Res Opin.
2015;31:1105-1115.

Gaultney JG, Franken MG, Tan SS,
et al. Real-world health care costs of
relapsed/refractory multiple myeloma
during the era of novel cancer agents.
J Clin Pharm Ther. 2013;38:41-47.

Lin HM, Davis KL, Kaye JA, et al.
Real-world treatment patterns and
health care resource utilization in
relapsed or refractory multiple mye-
loma: evidence from a cohort review
in France. Blood. 2016;128:5945.
Abonour R, Durie BGM, Jagannath S,
et al. Health-related quality of life
of patients with newly diagnosed
multiple myeloma receiving any or
lenalidomide  maintenance  after
autologous stem cell transplant in
the Connect MM disease registry.

Blood. 2016;128:537.

* Trademark of Celgene Corporation (Summit, New Jersey).

Volume 40 Number 7


http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0002
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0002
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0002
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0002
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0002
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0003
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0004
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0004
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0004
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0004
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0004
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0005
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0005
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0005
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0005
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0005
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0006
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0007
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0007
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0007
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0007
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0007
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0008
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0009
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0009
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0009
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0009
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0009
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0010
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0011
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0011
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0011
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0011
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0011
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0012
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0013
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0014
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0015
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0015
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0015
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0015
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0015
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0016
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0016
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0016
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0016
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0017
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0017
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0017
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0017
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0018
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0019
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0019
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0019
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0019
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0019
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0020
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0020
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0020
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0020
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0020
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0021
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0022
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0023
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0023
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0023
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0023
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0023
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0024
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025
http://refhub.elsevier.com/S0149-2918(18)30247-9/sbref0025

Supplementary Table. Variables From Multivari-
able Cox Regression Anal-
ysis of PFS and OS Across
Treatment Groups.

Variable P-value
Multiple myeloma bone involvement 0.6564
Calcium category 0.3116
Neutropenia (ANC) 0.3655
Platelet count categories 0.7391
Creatinine categories 0.032

ANC category within SCT+100 days 0.8358
Creatinine category within SCT+100 days 0.8775
day 100 ECOG PS derived, 0,1 vs >2 0.9823

Hemoglobin category within SCT+100 days 0.1596
Platelet category within SCT+100 days 0.2747

Sex 0.494

Del17 (FISH) 0.1439
Hyperdiploidy, new defined 0.7417
Subgroup of t(4;14), new defined 0.4226
Hemoglobin category 0.9087
IMWG risk 0.3705
Insurance (public vs private) 0.2556
Novel therapies 0.0023
Radiation therapy for myeloma 0.8252
Age group 0.6762
Use of alkylator in first course first regimen 0.7937
History of MGUS? 0.0271
History of smoldering myeloma? 0.4771
History of asymptomatic myeloma? 0.6644
ECOG PS derived, 0,1 vs >2 0.749

Calculated ISS stage 0.1407
History of amyloidosis 0.9028
History of diabetes 0.6274
History of hypertension requiring treatment 0.8541
History of peripheral neuropathy 0.2032
Additional relevant medical history 0.8806
Non-secretory multiple myeloma 0.5868
Lenalidomide in first regimen 0.034

Bortezomib in first regimen 0.1015
Triplet therapy 0.0114
Past history or active treatment for VTE 0.8686
White vs non-white 0.9588

ECOG PS, Eastern Cooperative Oncology Group perfor-
mance group; IMWG, International Myeloma Working
Group; ISS, International Staging System; MGUS, mono-
clonal gammopathy of undetermined significance; PFS,
progression-free survival; OS, overall survival; SCT, stem
cell transplant; VTE, venous thromboembolism.
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