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ABSTRACT

Introduction: The objective of this study was to
describe the treatment patterns among patients
with newly diagnosed multiple myeloma (MM)
who had not received autologous stem cell
transplantation (ASCT). It further compares the
safety and clinical outcomes across different
frontline regimens as well as explores whether
treatment duration predicts outcomes.
Methods: Patients with MM ([ 45 years) who
had not received ASCT were retrospectively

identified from the US SEER-Medicare (Jan
2007–Dec 2016) and Optum (Jan 2007–Sep
2018) databases. Cox proportional hazard
models were used to compare overall survival
(OS) among bortezomib ? lenalidomide
? dexamethasone regimen (VRd), lenalido-
mide ? dexamethasone regimen (Rd), cyclo-
phosphamide ? bortezomib ? dexamethasone
regimen (CyBorD), bortezomib ? dexametha-
sone regimen (Vd), and other bortezomib-con-
taining therapies based on propensity score
matching. To address immortal time bias, time-
fixed and time-dependent Cox models were
employed to estimate the association of longer
frontline treatment exposure with outcomes.
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Results: Mean (standard deviation; SD) age was
71 (9.8) years; and 49.51% were women. Borte-
zomib and lenalidomide-based combinations
were the most common treatment modalities.
After matching, the HR (95% CI) of OS by
frontline therapies comparing VRd with Vd was
0.76 (0.66, 0.86), CyBorD was 0.87 (0.75, 1.05),
for other bortezomib-based therapies was 0.56
(0.49, 0.64), Rd was 0.83 (0.73, 0.95), and for
other therapies was 0.70 (0.61, 0.80). Longer
frontline treatment duration was associated
with better OS for overall frontline [HR (95% CI)
0.86 (0.82, 0.90)]; Vd [0.81 (0.74, 0.89)]; CyBorD
[0.79 (0.64, 0.98)] and Rd [0.86 (0.78, 0.95)].
Conclusion: Results demonstrated that the
frontline therapies prescribed to most patients
who did not receive ASCT for MM in the United
States were consistent with the NCCN guideline
recommendations. Longer frontline treatment
duration was associated with improved OS.

Keywords: Newly diagnosed multiple
myeloma; Outcomes; Transplant ineligible

Key Summary Points

Why carry out this study?

Multiple myeloma (MM), a rare
hematologic malignancy, led to 98,437
deaths and 2.1 million disability-adjusted
life-years globally in 2016. Healthcare
costs for newly diagnosed MM patients
has risen over threefold from 2000 to 2014
in the United States.

Although the American Society of Clinical
Oncology guidelines recommend
initiation of therapy with proteasome
inhibitors, immunomodulators, and
steroids for patients who are not eligible
for autologous stem cell transplantation
(ASCT), outcomes with these therapies are
dependent on various factors. In addition,
real-world studies evaluating the effects of
these treatments are scarce.

The present study evaluated the treatment
patterns and outcomes among newly
diagnosed MM patients who had not
received ASCT, from the Surveillance,
Epidemiology, and End Results (SEER)-
Medicare and Optum databases. The study
further compared the safety and clinical
outcomes among different frontline
regimens.

What was learned from the study?

The median OS of patients receiving Vd,
VRd, CyBorD, and Rd therapy was
56.3 months, 112.6 months, 92.9 months,
and 79.1 months, respectively. Patients
treated with Rd therapy had the longest
TTNT (24.3 months).

The study demonstrated that the frontline
therapies prescribed to the patients who
did not receive ASCT for MM in the
United States were consistent with NCCN
guideline recommendations. Patients who
had received VRd showed better outcomes
compared with Rd, Vd, and CyBorD
therapies.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13096448.

INTRODUCTION

Accounting for approximately 1% of all cancers
and 15–20% of hematologic malignancies
worldwide, multiple myeloma (MM) is associ-
ated with substantial clinical, health-related
quality of life and economic burdens that
increase as the disease progresses [1, 2]. In 2016,
138,509 new cases of MM were diagnosed, and
98,437 deaths occurred, globally. In the same
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year, MM caused 2.1 million disability-adjusted
life-years [3]. The American Cancer Society has
estimated 32,270 new MM cases and 12,830
deaths due to MM to be reported in the United
States by the end of 2020 [4]. The all-cause
healthcare costs for newly diagnosed MM
patients have significantly increased, from
US$3263 per patient per month (PPPM) in 2000
to $14,656 PPPM in 2014 in the United States
[5].

For newly diagnosed patients with MM, eli-
gibility for autologous stem cell transplantation
(ASCT) is primarily determined based on the age
and comorbidities followed by performance
status, frailty, disability, and availability of
social and family support. Although median
survival has improved for ASCT-ineligible
patients in recent years, these patients have a
lower survival rate than ASCT-eligible patients.
The American Society of Clinical Oncology
guidelines recommend initiation of therapy
with proteasome inhibitors (PI), immunomod-
ulators (IMiD), and steroids for patients who are
ineligible for ASCT [6]. Outcomes with these
anti-MM therapies are highly dependent on
disease-specific (stage of MM and cytogenetic
abnormalities) and patient-specific factors (age,
comorbidities, performance status, frailty sta-
tus, and patient preference) [6]. Combination
therapies including category 1 regimen [borte-
zomib/lenalidomide/dexamethasone (VRd), dara-
tumumab/lenalidomide/dexamethasone (DRd),
lenalidomide/low-dose dexamethasone (Rd)]
and bortezomib/cyclophosphamide/dexam-
ethasone (CyBorD) are recommended as pre-
ferred regimens for newly diagnosed patients
who are not ASCT candidates by the National
Comprehensive Cancer Network (NCCN)
guidelines, which have demonstrated signifi-
cant improvement on clinical outcomes of MM,
including overall survival (OS) and progression-
free survival (PFS) [7–9]. Other recommended
options include daratumumab/bortezomib/
melphalan/prednisone (DVMP), carfilzomib or
ixazomib combined with Rd, bortezomib/dex-
amethasone (Vd) and cyclophosphamide/lenali-
domide/dexamethasone, and carfilzomib/
cyclophosphamide/dexamethasone [10]. How-
ever, real-world studies evaluating the effec-
tiveness of these treatments are scarce.

Therefore, this study was conducted to describe
the treatment patterns and outcomes among
patients with newly diagnosed MM who had
not received ASCT, analyzing data from the
Surveillance, Epidemiology, and End Results
(SEER)-Medicare and the Optum databases. The
study further compared the safety and clinical
outcomes across different frontline regimens as
well as explored whether treatment duration
predicts outcomes.

METHODS

Data Source

Data for the present study were obtained from
the US population-based SEER registry and
Optum [Clinformatics and electronic health
records (EHR)] databases. The SEER-Medicare
database predominantly contains data of elderly
patients (C 65 years of age) because of the eli-
gibility criteria of Medicare. To include younger
patients who had not received ASCT, additional
data were obtained from the Optum databases.
Patients aged C 65 years old in Optum data-
bases were excluded to prevent potential
duplication with SEER-Medicare.

The SEER-Medicare database contains clini-
cal, demographic and cause of death informa-
tion for patients with cancer from SEER,
comprised of population-based cancer registries
covering approximately 34.6% of the popula-
tion of the United States, and related Medicare
claims for covered health care services from the
time of a person’s Medicare eligibility until
death. The SEER-Medicare-linked database is
usually updated biennially. As of June 2020, the
data include all Medicare-eligible persons
appearing in the SEER data who were diagnosed
with cancer through 2015, and their Medicare
claims through 2016.

Optum Clinformatics is an insurance claims
database that includes both medical and pre-
scription coverage and includes approximately
15 million covered affiliate lives annually, with
over 180 million claims in total. The Optum
EHR database includes data for over 80 million
patients from over 195 hospitals, and captures
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clinical, operational, and financial information
recorded by physicians at the time of care.

Study Design

This retrospective cohort study included data
from 1 January 2007 through 30 September
2018 (SEER-Medicare: 1 January 2007 to
December 2016, Optum databases: 1 January
2007 to 30 September 2018). The use of SEER
registry and Optum (Clinformatics and EHR)
databases was reviewed by the Institutional
Review Board (IRB). The study protocol devel-
oped for obtaining data from the SEER Medicare
database was reviewed and exempted by
Advarra IRB (Columbia, MD, USA), as this
research project did not involve human patient
research.

Patients of either sex above 45 years of age,
who were diagnosed with MM [International
Classification of Diseases (ICD)-9 203.0, ICD-10
C90.0 and ICD-O-3 9732] and received at least
one line of treatment (LOT) with minimum
look-back period of 6 months were included.
A LOT was identified based on an initial
administration of C 1 agent that continued
until C 1 agent was discontinued for C 60 days
or until a new agent was administered. A regi-
men containing a PI (e.g., bortezomib) and an
IMiD (e.g., lenalidomide) was considered to
continue until both the PI and the IMiD were
discontinued. Patients without insurance cov-
erage at the time of diagnosis, those being
treated with ASCT, or patients with previous
history of cancer (including in situ cancers and
skin cancers) were excluded. Patients who were
diagnosed with another cancer before their first
LOT were also excluded, as treatments must
address secondary malignancy.

First line of treatment (LOT1) included Rd,
VRd, CyBorD, Vd, other bortezomib-containing
regimens [e.g., bortezomib ? melpha-
lan ? prednisolone (VMP) and borte-
zomib ? thalidomide ± dexamethasone
(VTd)], and other regimens [regimen does not
include PI or IMiD, such as melphalan and
prednisone (MP)]. In the study period, daratu-
mumab, ixazomib, and carfilzomib were rare.
Second line of treatment (LOT2) regimens

included lenalidomide mono, lenalidomide
combination regimens, bortezomib mono,
bortezomib combination regimens, and others
(e.g., daratumumab mono and daratumumab-
based regimens, ixazomib and ixazomib-based
regimens).

Study Assessments

Index date was defined as the first day of
receiving LOT1 treatment. Patient demographic
and clinical characteristics were assessed at the
start of LOT1. Patient comorbidities at baseline
(index date) and during LOT1 were assessed.
Incidence rate of comorbidity was reported for
LOT1 by the most common comorbidities, i.e.,
anemia, thrombocytopenia, neutropenia,
peripheral neuropathy, diarrhea, nausea, fati-
gue, secondary cancer (i.e., hematological
malignancy, solid tumor), and infusion-related
reactions. For peripheral neuropathy, we also
reported the incidence rate stratified by patients
with and without a history of peripheral neu-
ropathy. Results are presented by frontline
treatment and by LOT. Time from index date to
death or loss of follow-up/censor, whichever
occurred first, was defined as OS and estimated.
Time to next treatment (TTNT) was defined as
the time from the index date to the start of
LOT2; patients were censored at loss to follow-
up or death. The treatment-free interval (TFI)
was defined as the duration between the dis-
continuation of LOT1 and initiation of
LOT2/censor/death.

A limitation of the Optum cohort is the
incompleteness of the death data, such that a
patient’s death will not always be captured. To
account for this, we conducted a sensitivity
analysis for OS in which death was imputed by
identifying patients who had a missing death
date and had more than 360 days’ gap between
enrollment end date (Optum claims) or last
claim date (Optum EHR) and the study end
date. The enrollment end date refers to the last
date a patient had continuous insurance
enrollment. These patients were assumed to
have died on their enrollment end date or last
claim date.
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Statistical Analysis

Descriptive statistics were used to report patient
characteristics, treatment duration, TFI, and
morbidities reported during the study. The
Kaplan–Meier method was used to present OS
and TTNT. Propensity score matching (Greedy
nearest-neighbor matching with caliper as 0.20)
models were considered as the base case to
compare VRd versus other frontline regimens
with age, gender, Charlson comorbidity index
(CCI, whether patients have one comorbidity
vs. none), presence of heart diseases, and renal
disorders at treatment initiation matched.
Selection of potential confounders was based on
expert opinions made on available baseline
patient characteristic variables. Standard mean
differences and variance ratios were calculated
to determine if propensity score matching was
satisfactory (please see Electronic supplemen-
tary material). Stratified Cox proportional haz-
ards model on OS and TTNT was used to
compare major LOT1 treatments based on
matched pairs. Multivariable Cox models were
conducted adjusted by age, gender, CCI, pres-
ence of heart diseases, and renal disorders at
treatment start as sensitivity analysis.

To understand the predictive value of longer
treatment duration, median duration of treat-
ment (mDOT) of the LOT1 regimens were cal-
culated, and the hazard ratio (HR) of OS and
TTNT between patients in the longer than
median treatment duration group (LDG) versus
patients in the shorter than median treatment
duration group (SDG) were compared based on
the Cox proportional hazard models [11, 12],
adjusted by age, gender, CCI, presence of heart
diseases, and CCI renal disorders. The opera-
tional definition of the LDG posits that it will
not experience the outcomes (i.e., remain
immortal) until mDOT is reached in the
respective regimen cohorts. Immortal time bias,
if not accounted for, can confer a spurious
advantage in outcomes to LDG over SDG. In
order to adjust for immortal time bias, we
developed three variants of Cox models. Base
case analysis controlling for the presence of
immortal time was conducted using a time-de-
pendent Cox model. In this model, LDG use
during immortal time was classified as SDG. A

time-fixed Cox model (sensitivity analysis 1)
including immortal time was conducted to
estimate hazard ratio. We also used a time-fixed
model in which immortal time was excluded
from LDG and not added to SDG (sensitivity
analysis 2). Those models were consistent with
methods proposed by Yang et al. and Suissa
[11, 12]. Furthermore, the doubly robust
method was not required for the present anal-
ysis as the treatment selection and outcome
models have been correctly specified. A P\0.05
was considered statistically significant. In order
to address multiplicity adjustment in the out-
come analyses comparing VRd with other regi-
mens, a Bonferroni-corrected P value threshold
of 0.01 was used to identify a statistically sig-
nificant treatment effect. Our rationale to use
Bonferroni correction has been discussed else-
where [13, 14].

RESULTS

Baseline Characteristics

Overall, 17,731 patients were included in the
study of which 14,273 patients (80.49%) were
included from the Optum databases and 3458
patients (19.50%) from the SEER-Medicare
database (Fig. 1). Common regimens adminis-
tered to the patients in this cohort were Rd
(4358; 24.57%), Vd (4128; 23.28%), VRd (2718;
15.32%), and CyBorD (1225; 6.90%). The mean
(SD) age of the patients was 71.0 (9.8) years, and
patients receiving VRd therapy were the
youngest [mean (SD) 68.7 (9.3) years]. Almost
half of the patients included in the study were
women (n = 8779; 49.51%). The mean (SD)
duration between diagnosis of MM and treat-
ment initiation in all patients was 2.8 (7.3)
months. The majority of the patients were
insured with Medicare (57.62%) and nearly a
quarter of patients were commercially insured
(26.36%). Hypertension (59.87%), renal failure
(30.53%), fluid and electrolyte disorders
(27.33%), diabetes (25.37%), and peripheral
neuropathy (11.16%) were the most prevalent
comorbidities at baseline. Renal failure may be
attributed to myeloma. The mean (SD) CCI was
1.9 (2.3) of which the CCI of patients receiving
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other regimens (regimen other than PI and
IMiD) was the lowest 1.5 (2.1) and CCI of
patients receiving Vd therapy was the highest
2.6 (2.6) (Table 1), indicating that Vd is more
likely to be used for patients with multiple
comorbidities.

Frontline Comorbidities

Overall, commonly observed comorbidities in
LOT1 reported by patients with MM included
anemia (52.65%), nausea (25.18%), fatigue
(21.98%), peripheral neuropathy (19.63%), and
diarrhea (13.85%). Among patients with
peripheral neuropathy, 37.26% had a history of
being afflicted with peripheral neuropathy
while 14.10% did not (Table 1). The most
commonly observed comorbidities among
patients treated with bortezomib-containing
regimens were anemia (58.63%), nausea
(30.30%), fatigue (23.26%), peripheral

neuropathy (21.75%; with history [38.61%] and
without history [16.08%]), diarrhea (15.94%),
and thrombocytopenia (10.50%) (Table 1).
Among individual regimens, VRd (27.00%) and
Vd (22.33%) had the highest rate of peripheral
neuropathy. Across the frontline treatment
regimens, patients with a history of peripheral
neuropathy had a higher risk of experiencing
peripheral neuropathy compared to patients
without a history of peripheral neuropathy.
Although bortezomib-based regimens were
associated with elevated peripheral neuropathy,
the prevalence was not substantially different
than that of Rd (16.65%).

Treatment Duration and Treatment
Switch

Patients treated with VRd therapy had the
highest median duration of treatment
(181 days), followed by Vd (129 days), and Rd

Patients with MM diagnosis (N=125,832, 100%)

Patients with index MM diagnosis on/after 01 Jan 2007 (N=125,779, 99.9%)

Patients with a medical and prescription coverage at time of diagnosis
(N=97,713,77.6%)

Patients with at least 6 months look back period (N=93,937,74.6%)

Patients without a prior cancer (N=57,914, 46.0%)

Patients >45 years at index MM diagnosis (N=55,577, 44.2%)

Patients who never been treated with SCT (N=53,107, 42.2%)

Patients with at least one line of treatment (N=20,452, 16.2%)

Patients without any OPC between MM index date and LOT 1 start date
(N=17,731,14.1%)

Fig. 1 Patient disposition. MM multiple myeloma, OPC other primary cancer, LOT line of therapy, SCT stem cell
transplantation
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and CyBorD (121 days each) therapies. Only
42.91% of LOT1 patients moved on to LOT2
(Table 2). Majority of the patients treated with
CyBorD therapy (58.69%) received subsequent
treatment (LOT2). Only 36.25% of Rd patients
received LOT2 (Table 2). The most common
overall LOT2 therapies were bortezomib com-
bination regimens (24.41%) and lenalidomide
combination regimens (18.29%). While usage of
bortezomib mono (6.11%) and lenalidomide
mono (7.54%) was low, the utilization of newer
agents such as daratumumab was under 1% at
this period. Among patients who received Rd as
LOT1, 8.79% continued it in LOT2 while
19.81% switched to lenalidomide combination
regimens. Similarly, among patients who
received Vd as LOT1, 4.51% continued it in
LOT2 while 25.59% switched to bortezomib
combination regimens.

Overall Survival

The median OS (95% CI) of patients receiving
Vd, VRd, CyBorD, other bortezomib-containing
regimens and Rd therapy was 56.3 months (95%
CI 52.0, 60.5), 112.6 months [93.0, not reached
(NR)], 92.9 months (71.3, NR), 57.2 months
(52.5, 64.5) and 79.2 months (74.1, 85.7),
respectively (Fig. 2). Propensity score matching
was considered as the base case. Matching was
generally satisfactory with standardized mean
difference (SMD) of most variables from most
models were less than 0.10 and variance ratios
were close to 1 after matching. Only the SMD of
age after matching is 0.12 for VRd matched with
other treatments. After matching, the HR of OS
by frontline therapies comparing VRd versus Vd
was 0.76 (95% CI 0.66, 0.86), VRd versus
CyBorD was 0.87 (95% CI 0.72, 1.05), VRd ver-
sus other bortezomib-based therapies was 0.56
(95% CI 0.49, 0.64), VRd versus Rd was 0.83
(95% CI 0.73, 0.95), and VRd versus other
therapies was 0.70 (95% CI 0.61, 0.80) (Table 3).
The results of multivariate analysis were con-
sistent with propensity score matching, with
results favoring VRd in both cases. The adjusted
HR of OS sensitivity analysis by frontline ther-
apies comparing VRd versus Vd was 0.78 (95%
CI 0.70, 0.86), VRd versus CyBorD was 0.78

(95% CI 0.68, 0.91), VRd versus other borte-
zomib based therapies was 0.58 (95% CI 0.52,
0.65), VRd versus Rd was 0.74 (95% CI 0.67,
0.81), VRd versus other therapies was 0.69 (95%
CI 0.62, 0.76). Sensitivity analysis was con-
ducted with a modified OS to circumvent
probable under-reporting of deaths in the
Optum databases (Table 3). Results of propen-
sity score matching and multivariate regression
for both OS and imputed OS were also generally
consistent, reflecting a trend of improved OS by
VRd regimen after adjusting for age, gender and
baseline comorbidity.

Time to Next Treatment (TTNT)
and Treatment-Free Interval (TFI)

Patients treated with Rd therapy had the longest
TTNT (24.3 months; 95% CI 23.0, 25.8) com-
pared with VRd therapy (20.4 months; 19.1,
22.7), CyBorD therapy (7.0 months; 6.5, 7.6)
and Vd therapy (15.4 months; 95% CI 14.5,
16.5, Fig. 3). The adjusted HR (95% CI) of TTNT
by frontline therapies comparing VRd versus Vd
was 0.57 (95% CI 0.50, 0.65), VRd versus
CyBorD was 0.28 (95% CI 0.23, 0.34), VRd ver-
sus other bortezomib therapies was 0.27 (95%
CI 0.23, 0.32), VRd versus Rd was 0.97 (95% CI
0.84, 1.11), and VRd versus other therapies was
0.66 (95% CI 0.61, 0.73) (Table 3). Multivariate
analysis results were consistent with propensity
score matching. The results generally favored
VRd except comparing to Rd.

The longest mean TFI was observed in
patients who were treated with Vd therapy
(165.1 days), followed by Rd therapy
(160.6 days) (Table 2). The TFI was right skewed
with half of patients receiving their LOT2
within one month.

Association Between Frontline Treatment
Duration and Outcomes

Patients who received regimens for a longer
duration had higher median OS than those who
received treatment for a shorter duration
[74.5 months vs. 64.5 months, HR (95% CI)
0.67 (0.64, 0.70)]. The median treatment dura-
tion of bortezomib-containing regimens and Rd
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were similar (124 and 121 days, respectively).
After accounting for immortal time bias, the
time-dependent and time-fixed Cox models
showed that the LDG was associated with better
OS in general. The time-dependent adjusted
Cox model yielded HRs (95% CI) of OS com-
paring LDG versus SDG as 0.81 (0.74, 0.89), 0.87
(0.74, 1.01), 0.79 (0.64, 0.98), 1.11 (0.98, 1.25),
0.86 (0.78, 0.95), 0.86 (0.82, 0.90) for Vd, VRd,
CyBorD, other bortezomib-containing regi-
mens, Rd and overall LOT1, respectively. Results
from both time-fixed Cox model including
immortal time (sensitivity analysis 1) and
excluding immortal bias (sensitivity analysis 2)
showed significant favorable outcomes for
longer treatment associated with Vd, VRd,

CyBorD, Rd and overall LOT1. The association
was not significant for other bortezomib-con-
taining regimens and other regimens. However,
base case and sensitivity analyses conducted
with imputed OS demonstrated more pro-
nounced results; HR (95% CI) of imputed OS
comparing LDG versus SDG based on the time-
dependent Cox model was 0.62 (0.57, 0.67),
0.57 (0.51, 0.64), 0.6 (0.52, 0.71), 0.63 (0.57,
0.70), 0.6 (0.56, 0.65), 0.58 (0.56, 0.61), for Vd,
VRd, CyBorD, other bortezomib-containing
regimens, Rd, and overall LOT1 regimens,
respectively. Conversely, the HR (95% CI) of
TTNT comparing LDG versus SDG was 1.33
(1.21, 1.47), 1.20 (1.05, 1.39), 2.11 (1.80, 2.48),
1.12 (0.98, 1.27) for Vd, VRd, CyBorD, and
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other bortezomib-containing regimens, respec-
tively. Rd was the only exception [0.68 (0.61,
0.76)] (Table 4).

DISCUSSION

The present population-based analysis in the
United States evaluated the treatment patterns
and OS in patients who had not received ASCT
for MM. Treatment of this population is
specifically challenging considering the pres-
ence of renal, hepatic, cardiac, and other
comorbidities [15]. Identifying multiple mye-
loma patients who are not eligible for ASCT

from a retrospective cohort study is not
straightforward. SEER-Medicare and the Optum
databases do not provide clinical detail infor-
mation such as stage of MM, cytogenetic
abnormalities, performance status such as East-
ern Cooperative Oncology Group (ECOG) per-
formance score, or frailty status to determine if
patients are ASCT-ineligible. Although ASCT
history is not equivalent to ASCT eligibility, this
study provided useful information for ASCT-
ineligible patients. Frontline therapies received
by patients in the study were consistent with
NCCN guideline recommendations for patients
who did not receive ASCT for MM [6]. Borte-
zomib and lenalidomide-containing therapies
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such as Rd, Vd, VRd and CyBorD were the most
common treatment regimens in frontline. Still,
subsequent therapies were mainly proteasome
inhibitors and immunomodulatory-based
treatment during the study period. Recently
approved agents such as daratumumab, carfil-
zomib, and ixazomib were rare. Less than half of
the patients received subsequent therapies,
indicating substantial unmet need in this
patient population.

Results of the propensity score matching and
regression adjustment with age, gender, and
comorbidities consistently demonstrated favor-
able OS among patients who received VRd
therapy. While ascertaining the statistical sig-
nificance associated with the treatment effec-
tiveness of VRd, we have used Bonferroni
correction to avoid any possibility of bias due to
type-I error as a result of multiple testing.
Hence, our results in favor of VRd over other
competing regimens should be deemed conser-
vative. A phase 3 study (SWOG s0777) evaluat-
ing the effect of VRd versus Rd in patients who
did not receive ASCT for MM showed signifi-
cantly higher median OS with VRd compared to
Rd [75 months vs. 64 months, HR (95% CI) 0.71
(0.53, 0.96)] [16]. Durie et al. reported a statis-
tically significant improvement in OS [0.75
(0.58, 0.98)] during a 7-year follow-up among
patients with MM treated with VRd as com-
pared with Rd therapy with age, intent to
transplant, and ISS-adjusted [17]. Half of the
patients included in this study were either frail
or age C 65 years. The results of patients who
did not receive ASCT were not reported. Our
results of 0.83 comparing VRd versus Rd is
comparatively relative worse compared to
SWOG s0777. However, a multivariate regres-
sion model may not be sufficient when two
different patient populations were mixed in one
cohort without considering effect modification
[17]. In addition, shorter duration of both VRd
and Rd treatment in the real world, under-re-
porting of deaths in the Optum databases, and
different subsequent therapy makes it difficult
to directly compare with the SWOG s0777 study
results. Except for SWOG s0777, there are no
other head-to-head phase 3 studies comparing
VRd with other frontline regimens in patients
who are not eligible for ASCT. However, our

result is consistent with a study [18] based on
the US Flatiron Health EHR which reported the
OS HR for VRd versus Rd as 0.88 (95% CI 0.69,
1.11).

The longest TTNT was observed in patients
treated with Rd therapy (24.3 months) com-
pared with VRd therapy (20.4 months) and Vd
therapy (15.4 months). Similar to the present
study, Chari et al. reported that patients treated
with Rd therapy (50.7 months) demonstrated a
significantly longer TTNT compared with VRd
therapy (35.7 months) and CyBorD therapy
(22.3 months) [19]. The study was based on a
claims database which is well known for the
limitation of reporting death. However, the
trends based on HRs between Chari et al. and
the present study were similar. Often, Rd is used
as maintenance therapy and administered to
patients with comorbidities or high frailty [20].
It is possible that such patients would be reluc-
tant to initiate another therapy which could
potentially be more toxic, and hence decide to
adhere to Rd, resulting in the long TTNT that
was observed in the present study. More studies
on TTNT of Rd in this setting are warranted.
Although a longer treatment duration may not
alleviate the patient’s condition, it was associ-
ated with better survival outcomes [21]. Previ-
ous researchers have asserted the use of time-
dependent Cox model to be a common
approach for adjusting immortal time bias
[12, 22]. The presence of immortal time was
seen in the sensitivity analysis where the time-
fixed Cox model showed less favorable out-
comes in the LDG upon exclusion of the
immortal time from the LDG without it being
added to the SDG. Compared to the time-fixed
Cox models included in the sensitivity analyses,
the base case analysis conducted with the time-
dependent Cox model correcting the misclassi-
fied immortal time inflated the differential risk
of outcomes associated with LDG over SDG.
Hence, our results are conservative, as consis-
tency in treatment effect (i.e., inflation of HR) is
observed in both the base case analysis and the
sensitivity analysis addressing the immortal
time bias. Studies have demonstrated that
patients often discontinue frontline therapy
due to disease progression, side effects or
comorbidities, no evidence of disease, or due to
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financial constraints [23, 24]. As the cause of
treatment discontinuation was not captured in
the database, it cannot be determined whether
better outcomes were due to longer treatment,
or with the fact that patients with fewer
comorbidities and better overall health could
better tolerate frontline treatment. Neverthe-
less, if there is no clinical justification, patients
should be encouraged to comply on their
treatment assignment.

Our results also indicated high comorbidity
rates during frontline treatment. Comorbidities
observed during the present study included
anemia, peripheral neuropathy, nausea, fatigue,
and diarrhea. The varying extent of toxicity and
comorbidities experienced by patients between
RCTs and real-world studies could also be rela-
ted to the differing patient populations and
characteristics; treatment center (academic vs.
community) and associated number of experi-
enced physicians; lack of protocol-directed
treatment; and issues such as convenience,
practicality, and direct and indirect costs [25].
Furthermore, these differences greatly impact
the drug response, compliance to treatment,
and generalizability of the results [26]. Several
earlier studies have reported similar comor-
bidities with bortezomib treatment, which
include neuropathic pain, sensory neuropathy,
and fatigue [8, 27]. A recent meta-analysis
reported that addition of bortezomib to the
treatment regimens of patients with MM sig-
nificantly improved outcomes; however;
comorbidities associated with a longer duration
of bortezomib therapy must be considered prior
to treatment initiation [28].

There were several limitations of the present
study. The partial reporting of deaths in the
Optum databases and the long time lag for
reporting in the SEER-Medicare database infla-
ted the survival rate of patients receiving dif-
ferent therapies in these two databases. As 80%
of the patients were from Optum, the partial
data regarding death was a major limitation.
Therefore, results of the present study must be
interpreted with caution. However, sensitivity
analyses were performed to estimate the impu-
ted OS with consistent HRs compared to the
base case. Residual confounding is possible after
matching or regression adjustment, as

important prognostic factors such as ECOG
performance status, myeloma type, and cyto-
genetic risk are lacking in the databases used in
this study. Subsequent therapy is a confounding
factor for survival but not adjusted in the OS
analysis. Bias away from the null may persist if
VRd patients were followed by innovative
agents such as daratumumab. Comparison of
OS by frontline treatment represents the OS
after receiving different treatment pathways led
by the frontline treatment. The reason for
treatment discontinuation is unknown. Patients
who demonstrated a negative prognosis might
not have tolerated bortezomib therapy for a
longer duration of time. Treatment information
was from claims databases including SEER-
Medicare, it is unclear whether patients were
compliant to their oral treatment. In addition,
data related to over-the-counter medications
received by the patients were not available.
Missing claims might have occurred if patients
covered by a commercial insurance plan swit-
ched between plans. Changes to the treatment
of patients with MM after the end of the study
(SEER-Medicare: Dec 2016 and Optum: Sep
2018) have not been reported in the present
study. Lack of confirmation regarding smolder-
ing MM, the doses of injectable, and detail
patterns of maintenance therapy may be con-
sidered as a limitation of the study.

CONCLUSION

Results of the present study demonstrated that
the frontline therapies prescribed to most
patients who did not receive ASCT for MM in
the United States were consistent with NCCN
guideline recommendations. Those who
received VRd showed better outcomes com-
pared with Rd, Vd, and other bortezomib-based
regimens, as measured by survival duration,
although not statistically significant compared
to CyBorD, after adjusting for age and comor-
bidities. The prevalence of morbidities in the
6-month lookback period prior to frontline
treatment was substantial. Statistical models
considering immortal time demonstrated that
longer treatment is generally associated with
longer OS compared with patients who received
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treatment for a shorter duration of time, par-
ticularly for first-line therapy as a whole.
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