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ABSTRACT

Lack of head-to-head trials highlights a need for comparative real-world evidence of proteasome
inhibitors plus Rd.

Methods: In this retrospective, US population-representative EHR study of RRMM patients initiating IRd,
KRd, or VRd in line of therapy (LOT) =2 between 1/2014 and 9/30/2018, 664 patients were treated in
LOT =2 with: IRd, n = 168; KRd, n = 208; VRd, n = 357. Median age was 71/65/71 years; 67%/70%/75%
had a frailtymodifiea SCOre of intermediate/frail; 20%/28%/13% had high cytogenetic risk in |-/K-/V-Rd
groups. Risk of Pl-triplet discontinuation was lower for I- vs. K-Rd (HR: 0.71) and |- vs. V-Rd (HR: 0.85);
unadjusted, median TTNTs (months): 12.7/8.6/14.2 (LOT >2) and 16.8/9.5/14.6 (LOT 2-3) (I-/K-/V-Rd).
Adjusted TTNT was comparable between I-/K-/V-Rd in LOT =2 with a TTNT benefit among intermediate/
frail patients for I- (HR: 0.70; P=0.04) and V- (HR: 0.73; P<0.05) vs. K-Rd. I/K/V-Rd triplets were comparable
in TTNT overall, but IRd and VRd were associated with longer TTNT in intermediate/frail patients than
KRd. The results suggest a trial-efficacy/real-world-effectiveness gap, especially for KRd, underlining the
limited generalizability of trial results where >50% of patients are excluded. Individualized treatment
based on patient characteristics, such as frailty status, is especially pertinent in an elderly RRMM
population.
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1. Introduction only single-arm phase 2 data have been published, which
reported a median progression-free survival (PFS) of
9.5 months [8,9,]. The newer Pl-triplet combinations with
Rd, i.e. with ixazomib (IRd) and carfilzomib (KRd), have
both demonstrated superior efficacy vs. the Rd doublet
among patients with RRMM who have had 1 to 3 prior
lines of therapy [10,11,]. In the phase 3 ASPIRE trial, the
addition of carfilzomib (K) to Rd (KRd) significantly
increased PFS vs. Rd alone (26.3 months vs. 17.6 months;
hazard ratio [HR]: 0.69; P = 0.0001) [10]. Likewise, the
addition of ixazomib (I) to Rd (IRd) in the TOURMALINE-
MM1 phase 3 study increased the PFS to 20.6 months vs.
14.7 months for Rd alone (HR: 0.74; P = 0.01) [11]. Notably,
the Rd control arm performed differently, with an almost
3-month difference in PFS, between the two phase 3
studies [10,11,], which in part stems from differences in
eligibility criteria within these individual trials. The lack of
head-to-head trials of the PI-Rd triplet regimens, coupled
with differences in the trial populations studied, has led to

Multiple myeloma (MM) accounts for 1.8% of all cancers in the
United States (US) and is the second most common hemato-
logic malignancy, with an estimated 32,000 new cases and
13,000 deaths in 2019 [1]. MM is more common in the elderly
[1-4]. In the US, the median age at diagnosis is 69 years, with
the majority of individuals diagnosed between the ages of 65
and 74 years [1], and 62% patients are treated in the commu-
nity setting vs. in academic centers, where younger, less
comorbid, clinical trial-eligible patients are more likely to be
seen [5].

The introduction of novel classes of agents with
increased efficacy, including proteasome inhibitors (Pls)
and immunomodulatory drugs (IMIDs), changed the treat-
ment paradigm and has increased overall survival (OS) in
MM [6,7,]. While bortezomib (V) plus lenalidomide/dexa-
methasone (Rd) has been compared vs. Rd in a large
phase 3 study in frontline treatment (SWOG S0777), in
the relapsed/refractory multiple myeloma (RRMM) setting,
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challenges in comparisons of treatment effects across
trials.

Furthermore, the extent to which the efficacy results seen
in those trials translate to real-world effectiveness in older
adults with RRMM needs further examination to help inform
individualized treatment decision-making. Understanding real-
world effectiveness is especially relevant in MM since patients
are diagnosed at an advanced age that is often associated
with organ function decline, which may decrease treatment
tolerability and affect the outcomes of therapy. In patients
with MM, advanced age and higher comorbidity burden are
factors that are under-represented in clinical trials. A recent
real-world analysis reported that up to 75% of patients with
RRMM engaged in routine care in the US do not meet the
eligibility criteria of hallmark clinical trials of approved or
recommended regimens in this setting and that 3-year OS
was significantly and negatively impacted by the inability to
meet eligibility requirements [12]. Greater comorbidities and
poorer performance status result in worse treatment out-
comes [13]. Evidence from a pooled analysis of prospective
trials demonstrates that MM patients with an intermediate or
frail status, based on a geriatric assessment, had a significantly
higher mortality risk compared to those categorized as fit [14].
In addition, the frailty score was predictive of the risk of
toxicity independent of standard risk stratification factors,
with a significantly higher incidence of non-hematologic toxi-
city among frail compared to fit patients [14]. Given the com-
plexity in the interpretation of trial data, limited
generalizability of trial findings, shorter duration of therapy
in real-world use relative to clinical trials, and lack of head-to-
head trial comparisons, MM experts have called for real-world
effectiveness as a metric to include in routine clinical prac-
tice [13].

2. Objectives

We conducted a retrospective, comparative analysis of time to
next therapy (TTNT), a proxy for PFS [15-18], in
a representative cohort of patients with RRMM treated in
routine care with IRd, KRd, or VRd in lines of therapy (LOTs)
2 or greater. Considering the under-representation of older
and comorbid patients in clinical trials and the prognostic and
predictive importance of frailty status in MM, we also com-
pared real-world TTNT by frailty status (modified using age
and comorbidities). Finally, we evaluated patient, disease, and
prior treatment characteristics that are independently asso-
ciated with regimen choice.

3. Methods
3.1. Data source

This was a retrospective cohort study using Optum’s de-
identified electronic health record (EHR) database; this is
a general population-representative dataset with data from
over 140,000 providers, 7,000 clinics, and 700 hospitals treat-
ing more than 95 million patients across 50 states in the US.
To mitigate patient selection bias at the practice level, within
each participating hospital, clinic, or provider, data for all

patients are captured within the EHR database. Data are certi-
fied as deidentified in line with the US Health Insurance
Portability and Accountability Act statistical de-identification
rules. This study was approved by the Advarra Institutional
Review Board.

3.2. Study design and population

Included patients were adults who initiated a triplet regimen
containing |, K, or V plus an Rd backbone (i.e. IRd, KRd, or VRd)
in LOT =2 (index LOT) after 1 January 2014. Patients newly
diagnosed with MM were identified using data from the start
of the available EHR data during the study period (i.e. from
1 July 2007 through 30 September 2018) and followed long-
itudinally to identify the index LOT. The index diagnosis date
for each patient was defined as the first chronologically occur-
ring MM diagnosis during this period in order to identify
newly diagnosed patients.

Other inclusion criteria included initiation of one of the
regimens of interest (i.e. IRd or KRd or VRd in LOT >2 [index
LOT]) and receipt of continuous care in an integrated delivery
network for 6 months prior to the MM diagnosis date through
at least initiation of index LOT to ensure data completeness.
Exclusion criteria included: receipt of a stem-cell transplant
(SCT) during the index LOT and evidence of anticancer MM
therapy or SCT during the 6-month wash-out period prior to
MM diagnosis (i.e. to ensure that the study population con-
sisted of newly diagnosed MM patients [incident cases]).
(Appendix Figure 1).

To holistically examine the comparative effectiveness of the
index regimens as reflected by their real-world use irrespective
of sequencing, we opted to include recurrent use of the index
regimens within a patient for the main analysis (e.g. VRd in
LOT 2 followed by IRd in LOT 3) rather than restricting to only
the first use of the index regimen (e.g. VRd in LOT 2 in the
previous example). A sensitivity analysis based on the first use
of the index regimen was also conducted (Online Appendix
Table 1). Hence, the unit of measure was patient LOT, and the
index treatment date for each PI-Rd triplet index LOT of inter-
est was the first date that each triplet was initiated. The
6-month period prior to each index LOT initiation date, termed
the baseline period, was used to characterize study patients.
The follow-up period for this analysis began with the index
LOT initiation date until death, loss to follow-up, or end of the
study period (9/30/2018), whichever occurred first.

3.3. Study variables

Baseline demographic and clinical characteristics were
assessed via diagnosis codes, lab values, unstructured data,
and structured fields within the EHR. Measures of interest
included the following: Charlson comorbidity index (CCl) [19],
CRAB symptoms (hyperCalcemia [identified via ICD-9/10 code
or lab value indicating corrected serum calcium >11 mg/dL],
Renal insufficiency [defined as lab value indicating serum
creatinine >2 mg/dL or creatinine clearance <40 mL/min],
Anemia [identified via ICD-9/10 code or hemoglobin level
<10 gm/dL], and Bone lesions [proxied by fracture, radiation
to bone, bone-directed surgery, or spinal cord compression])



[20], peripheral neuropathy (PN), International Staging System
(ISS) stage, Eastern Cooperative Oncology Group (ECOG) per-
formance status, and SCT status. Cytogenetic risk (high-risk,
defined as the presence of del[17p], t[4;14], t[14;16], and/or
1921 gain) was ascertained using natural language processing
of free-text elements to capture relevant information not
available in standardized fields. Patients with missing data
were categorized separately. A modified frailty score based
on Palumbo et al. [14] was employed utilizing age and CCl
score only (Online Appendix Table 2). While the frailty score
validated by Palumbo et al. consisted of four components
(age, CCl, the Katz Activity of Daily Living [ADL], and the
Lawton Instrumental Activity of Daily Living [IADL]), the phy-
sician-reported ADL and IADL scores were not available within
the analytic EHR dataset.

Further, given the age of the studied population and mix of
cardiovascular comorbidities that affect treatment choice, an
expanded definition of cardiovascular disease was employed
[12]. Presence of cardiovascular disease was captured via ICD-
9/10 coding for myocardial infarction (Ml), angina, coronary
artery disease (CAD), arrhythmia, sick sinus syndrome, or heart
failure (HF); however, to ensure only severe (i.e. uncontrolled
or symptomatic cases) were recorded, identification required 1
inpatient encounter coded as primary or discharge or any two
outpatient encounters with primary diagnosis codes that were
60 to 365 days apart, with the first one occurring within 6
months prior to start of the index regimen [12]. Presence of
uncontrolled hypertension (HTN) was identified via 1 inpatient
or 2 outpatient ICD-9/10 codes for HTN that were 60 to
365 days apart with an accompanying blood pressure mea-
surement =160/100 mmHg (corresponding to Common
Terminology Criteria for Adverse Events grade =3) based on
the most recent measurement within 14 days prior to index
regimen [12].

The algorithm for LOT determination in the EHR was devel-
oped in collaboration with several hematology/oncology spe-
cialists to proxy the definition of a LOT within the randomized
controlled trials and in accordance with the National
Comprehensive Cancer Network Guidelines for treatment of
MM [21,22,] (see Online Appendix for more details). Time from
MM diagnosis to index LOT (in months) was defined as the
time from the MM diagnosis date to the start of the index
regimen; time of first relapse was proxied as time from start of
LOT 1 to start of LOT 2; treatment-free interval (TFI) (in
months) was defined as the time from the end of the previous
LOT to the start of the index LOT, with a TFl of <60 days
categorized as ‘refractory to last therapy,” which is associated
with more aggressive disease (Appendix Figure 2). Refractory
status to any Pls or any IMIDs was defined as follows: duration
of therapy of the IMID or PI within an LOT was <60 days and
the PI/IMID was not in next LOT, or the TFl between LOTs was
<60 days and the Pl or IMID was not in the subsequent
LOT [23].

3.4. Outcomes

The primary outcome of interest was TTNT. TTNT (a surrogate
measure for PFS in real-world analyses) was defined as the
time from the start of the index LOT to initiation of the
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subsequent line of therapy or death, whichever occurred ear-
lier. Patients were censored if they did not have an event (start
of next LOT/death) by the end of study period or date of last
EHR activity. We also evaluated duration of therapy (DOT) of
the index regimen, which was defined as the time from initia-
tion of the first drug in the index regimen to discontinuation
of the last drug in the regimen plus a run-out period or death,
whichever occurred earlier. The DOT of the individual agents
(i.e. the Pl component and lenalidomide) within the index LOT
was also evaluated utilizing the initiation date of the agent
and the last date administered for the agent plus the run-out
period or death. The run-out date for infused/injected drugs
was the latest date of administration +30 days; for orally
administered drugs, it was the fill date + (days’ supply —1)

3.5. Statistical analysis

We compared the balance of baseline characteristics across
the three treatment groups (IRd, KRd, and VRd); characteristics
by treatment category were presented as counts and percen-
tages for categorical variables and means, standard deviations,
medians, and interquartile ranges for continuous variables. As
a single patient could be in multiple treatment groups, some
correlation is expected because patients may be included in
more than one treatment group; however, to adequately
account for correlation between observations, statistical differ-
ences in baseline characteristics were assessed using general-
ized estimating equation models. For binary variables,
a binomial distribution and log link function were specified;
for other categorical variables, a multinomial distribution and
cumulative log link were specified; and for continuous vari-
ables, ranks were assigned to the observations and compared
across treatment groups using a GENMOD model.

Furthermore, we were also interested in evaluating patient,
disease, and treatment characteristics that are independently
associated with treatment choice. A conditional logistic model
(stratified by LOT 2-3 vs. >4) was used to assess the associa-
tions of covariates with the three treatment groups (IRd, KRd,
VRd). Based on clinical input, the following candidate predic-
tor variables were included in the model: modified frailty score
(0 [fit], 1-2 [intermediate to frail]), any prior Pl exposure, any
prior IMID exposure, prior SCT, history of PN, history of cardi-
ovascular disease (CVD)/uncontrolled HTN, symptomatic
relapse evaluated based on baseline CRAB symptoms (pre-
sence of any of the following: hypercalcemia, renal failure,
anemia, bone disease [any, yes vs. no]), cytogenetic risk
(high, standard/unknown), ISS stage (I/ll, lll, unknown), time
(in months) from diagnosis to start of index LOT, time of first
relapse (in months) (i.e. time from start of LOT1 to start of
LOT2), and refractory status to last therapy (TFI of <60 days vs.
>60 days preceding the index LOT).

We compared TTNT and DOT across the three treatment
groups; these were estimated using Kaplan-Meier methods.
The risk of initiation of the next LOT or death, whichever
occurred first, in the overall cohort receiving one of the
index regimens in LOT =2 was compared using Cox propor-
tional hazard (PH) models. All survival analyses were stratified
by LOT (2-3 vs. =4). In addition, we conducted covariate-
adjusted multivariate Cox PH analyses of TTNT. The following
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variables were included in multivariate models: index regimen
type (IRd, KRd, VRd), modified frailty score (0 [fit], 1-2 [inter-
mediate to frail]), ECOG score (0-1, 2-4, unknown), prior Pl and/
or IMID exposure, prior SCT, history of CVD or uncontrolled
HTN, history of PN, or baseline CRAB symptoms (hypercalce-
mia, renal failure, anemia, bone disease [all, yes vs. no]), cyto-
genetic risk (high, standard/unknown), ISS stage (I/1I, III,
unknown), PI/IMID refractory status (Pl and/or IMID refractory,
refractory to neither), time (months) from diagnosis to start of
index LOT, refractory status to last therapy (TFI of <60 days vs.
>60 days preceding the index LOT), time of first relapse
(months) (i.e. time from start of LOT1 to start of LOT2),
and year of diagnosis (2007-2011, 2012-2015, 2016-2018).
To account for correlation between observations that can
occur when a single patient can be in more than one treat-
ment group, between-cluster (patient) variance was computed
from robust sandwich estimators for adjusted standard errors
in the Cox PH analyses. Use of the standard Cox PH estimation
of variance, without robust sandwich estimators, would have
increased the chance of type | error and thus the possibility of
erroneously claiming a significant finding. In addition,
a sensitivity analysis was performed based on first use of the
index regimen only (patient-level analysis) and compared to
the patient LOT-level analysis. Further, to evaluate the impact
on the main results of missing data for prognostic indicators,
sensitivity analyses were conducted for adjusted TTNT by
including patients with only known values of ECOG PS, ISS
stage, and cytogenetic risk. Observations were censored at
time of loss to follow-up or end of study period.

Given the known differences in a real-world RRMM popula-
tion vs. those meeting the strict eligibility criteria within clin-
ical trials [12], we conducted a subgroup analysis in real-world
patients treated in earlier LOTs (i.e. LOT 2 or 3) who are more
representative of the clinical trial population. We also per-
formed subgroup analyses on the following subgroups of
interest: those with modified frailty scores (i.e. intermediate/
frail, fit), and those with prior Pl exposure. For the latter, we
also performed a sensitivity analysis based on exposure to
bortezomib in first-line therapy.

4. Results
4.1. Baseline characteristics

Out of 3,000 RRMM patients treated with LOT =2 after
1 January 2014, 664 patients initiating IRd, KRd, or VRd in
LOT =2 were identified, accounting for 733 patient LOTs (IRd,
n = 168; KRd, n = 208; VRd, n = 357).

The median age in the KRd group (65 years) was signifi-
cantly lower than in the IRd and VRd groups (71 years for both;
P < 0.01). Accordingly, a larger proportion of patients who
were <65 years of age received KRd compared with the other
triplet groups (50.0% vs. 36.3%, IRd and 31.9%, VRd), and
higher percentage of patients (41.7%) in the IRd group were
>75 years of age than the other triplet groups (22.1%, KRd;
38.1%, VRd; P < 0.01). Significant differences by frailty status
were similarly noted across the treatment groups (P < 0.01),
with more patients selected for VRd therapy who were
deemed intermediate/frail via the modified frailty score

(75.1% vs. 67.3%, IRd and 69.7%, KRd). The age by CCl score
distribution across treatment groups utilized in the modified
frailty score calculation is detailed in the Online Appendix
Table 3.

A larger proportion of all patients selected for KRd vs. IRd or
VRd had known high-risk cytogenetics (28.4% vs. 20.2%, IRd
and 13.5%, VRd), although cytogenetic data were missing for
the majority of patients (Table 1). Further, more patients
selected for KRd had symptomatic relapse, as determined by
the presence of any CRAB symptoms, than those selected for
IRd or VRd (87.5% vs. 71.4%, IRd and 80.4%, VRd; P < 0.01 for
both). Other notable differences in baseline characteristics for
the overall (LOT =2) population included more patients trea-
ted with VRd who received treatment in LOT 2 (70.3%) fol-
lowed by KRd (50.0%) and IRd (36.9%); P < 0.001, and
correspondingly fewer VRd patients were refractory to
a previous Pl and/or an IMID (13.7% vs. 58.9%, IRd and
80.8%, KRd) or had prior exposure to both a Pl and an IMID
(31.9% vs. 62.5%, IRd and 69.7%, KRd); P < 0.001 for both
(Table 1). Among those with exposure to a Pl (with or without
an IMID) prior to index LOT, 78% (n = 460) had their first
exposure to a Pl in LOT 1; of these, 96.3% (n = 443) consisted
of bortezomib-based therapy.

These differences by regimen type in baseline characteris-
tics (in age, frailty status [i.e. by modified frailty score], and
cytogenetics), including a significantly longer time from diag-
nosis of MM to start of IRd vs. KRd or VRd, were also consistent
for the subset of patients receiving one of these Pl triplets in
earlier LOTs (i.e. in LOTs 2 and 3) (Online Appendix Table 4).

4.2. Factors associated with regimen choice

The multivariate results for patient and disease characteristics
that were independently and significantly associated with the
index regimen choice among patients receiving IRd, KRd, or
VRd in LOT =2 are listed in Figure 1 and the remaining non-
significant factors evaluated are listed in Supplemental Table
5, Online Appendix.

Our patients with RRMM were more likely to be treated
with IRd vs. VRd if they had high-risk cytogenetics (odds ratio
[OR]: 1.96; 95% confidence interval [CI]: 1.14, 3.38; P = 0.0152)
and prior IMID exposure reflecting the use of IRd in later LOTs,
which was primarily lenalidomide (OR: 4.34; 95% Cl: 2.52, 7.49;
P < 0.0001). High-risk cytogenetics (OR: 2.41; 95% Cl: 1.47, 3.96;
P = 0.0005) and prior IMID exposure (OR: 2.59; 95% Cl: 1.66,
4.05; P < 0.0001) also influenced the choice of KRd over VRd.
Further, patients were more likely to receive KRd vs. VRd if
they had symptomatic relapse (OR: 2.01; 95% ClI: 1.11, 3.63;
P = 0.0214), a history of PN (OR: 2.39; 95% Cl: 1.42, 4.01;
P = 0.0010), relapse after a prior SCT (OR: 1.65; 95% Cl: 1.03,
2.63; P = 0.0382), or prior exposure to a Pl (OR: 7.34; 95% Cl:
3.51, 15.34; P < 0.0001).

In terms of choice between the two newer Pls, patients
were more likely to receive IRd vs. KRd if they had prior IMID
exposure (OR: 2.24; 95% Cl: 1.18, 4.24; P = 0.0134). Conversely,
patients were less likely to be treated with IRd vs. KRd if they
had a symptomatic relapse (OR: 0.44; 95% Cl: 0.23, 0.83;
P = 0.0111), prior Pl exposure (OR: 0.21; 95% Cl: 0.10, 0.47;
P =0.0001), or relapse after a prior SCT (OR: 0.43; 95% Cl: 0.25,
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- Odds Ratio
Independent Variables (95% Cl) P-value
Cytogenetics®
IRF;aneIVII\Q g | thian vs standardiunknown risk) —— 1.96(1.14,3.38) 0.0152
VS
Prior IMID Exposure® ——
(yes vs no) 4,34 (2.52,7.49) <0.0001
0.1 1.0 10.0
— Favors Choice of VRd —_— Favors Choice of IRd ==p
Symptomatic Relapse® 0.44(0.23,0.83) 0.0111
(yes vs no) R —
Prior Transplant History 0.43 (0.25,0.75) 0.0029
(yes vs no) ¢
PanelB | por pi exposure ——— 0.21 (0.10,0.47)  0.0001
IRd vs KRd | (yes vs no)
Prior IMID Exposure® —_— 2.24(1.18,4.24) 0.0134
(yes vs no)
Refractory to Last Prior Therapy®? ——p— 0.37 (0.20,0.70) 0.0021
(yes vs no)
. X 3 1
< Favors Choice of KRd 01_ &8 _0'0 Favors Choice of IRd w==p
Cytogenetics®
(high vs standard/unknown risk) el 2.41(1.47,3.96) 0.0005
Symptomatic Relapse®
fyen U NGl —— 2.01(1.11,3.63) 0.0214
Peripheral Neuropathy
(present vs not present) —— 2.39(1.42,4.01) 0.0010
Prior Transplant History —— 1.65(1.03.2.63) 0.0382
Panel C (yes vs no) .65(1.03,2.63) 0.
KRd vs VRd | Prior Pl Exposure —_——
(yes vs no) 7.34 (3.51,15.34) <0.0001
: ——
Prior IMID® Exposure
(yes vs no) 2.59 (1.66,4.05) <0.0001
) 5 1.0 10.0
e FAVOTS CHOICE Of VRU s Favors Choice of KRd #

Figure 1. Significant factors independently associated with treatment choice®. ?Covariates included modified frailty score (0 [fit], 1-2 [intermediate to frail]), baseline
CRAB symptoms (hypercalcemia, renal failure, anemia, bone disease [yes vs. no]), cytogenetic risk (high, standard/unknown), ISS stage (I/II, lll, unknown), prior IMID
exposure, prior Pl exposure, prior SCT, history of PN, CVD/uncontrolled HTN, time (months) from diagnosis to start of index LOT, refractory status to last therapy (yes,
no [defined as a TFI from end of most previous LOT to initiation of index regimen of <60 days]), and time of first relapse (months [i.e. time from start of LOT1 to start
of LOT2]). PIncludes those for whom cytogenetics were unknown. “Greater than 96% of all prior IMID exposure was lenalidomide. “Defined as the presence of any
CRAB symptoms (hypercalcemia, renal insufficiency, anemia, bone disease) at the start of the index regimen. *Defined as a TFl <60 days between most previous LOT

and index LOT.

Key: CVD - cardiovascular disease; IMID — immunomodulatory drug; HTN - hypertension; IMID — immunomodulatory drug; IRd - ixazomib, lenalidomide, dexamethasone; ISS - International
Staging System; KRd - carfilzomib, lenalidomide, dexamethasone; LOT - line of therapy; OR — odds ratio; Pl — proteasome inhibitor; PN — peripheral neuropathy; SCT - stem-cell transplant;

TFI - treatment-free interval; VRd - bortezomib, lenalidomide, dexamethasone.

0.75; P = 0.0029) or if they were refractory to the last line of
therapy (OR: 0.37; 95% Cl: 0.20, 0.70; P = 0.0021).

While we noticed a differential distribution of the mod-
ified frailty score (Table 1) by index regimen type, interest-
ingly, frailty status utilizing the modified frailty score,
which incorporated age and CCl only, was not indepen-
dently associated with regimen choice (intermediate/frail-

modified frailty score Vs. ﬁtmodiﬁed frailty score status, ORIRd vs. VRd*
0.98; 95% Cl: 0.59, 1.64; P = 0.9386), although lower odds

of KRd receipt were observed among patients with
interrﬁediate/fra”modiﬁed frailty score Vs. ﬁtmodified frailty score
status compared to VRd (ORkrq v vra: 0.69; 95% Cl: 0.43,
1.12; P = 0.1302), but the results were not significant
(Supplemental Table 5, Online Appendix). Also, after
adjusting for other covariates, longer time from diagnosis
for start of the index regimen did not emerge as an inde-
pendent predictor of regimen choice in the LOT stratified
analyses.
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4.3. Duration of therapy

The median follow-up for all patients from initiation of the
index LOT was 14.4 months (Interquartile range [IQR]: 6.7,
24.3); this varied by regimen (10.9 months, IRd; 14.8 months,
KRd; 16.0 months, VRd). Overall, in LOT =2, median duration of
therapy for the entire regimen within the index LOT was
longest for those treated with IRd (12.3 months) vs. KRd
(7.2 months) and VRd (10.0 months), with a significantly
lower risk of IRd regimen discontinuation vs. KRd (HR: 0.71;
95% Cl: 0.53, 0.95; P = 0.0209; Appendix Figure 3). The risks of
discontinuation of the individual components (Pl and lenali-
domide) were both significantly lower in the IRd vs. KRd (HRp;:
0.65, P = 0.0034; HRenalidomide: 0.64, P = 0.0015) or VRd (HRp;:
0.62, P = 0.0003; HRienalidomide: 0.75, P = 0.0312) groups but
comparable for the KRd vs. VRd (HRp;: 0.94; HRicnalidomide: 1-18;
P > 0.05 for both) groups.

4.4. TTNT: stratified analysis

In stratified analysis by LOT (2-3 vs. >4), without adjustment
for other covariates, the risk of initiation of next LOT or death
was comparable for patients treated with IRd vs. VRd
(HRiRd vs. vra: 1.01; 95% CI: 0.78, 1.30; P = 0.9562; median
TTNT: 12.7 vs. 14.2 months) but was higher for those treated
with KRd (HRkrg vs. vra: 1.33; 95% Cl: 1.07, 1.66; P = 0.0112;
median TTNT for KRd: 8.6 vs. 14.2 months). Further, patients
initiating treatment with IRd in comparison to those with KRd
had a lower risk of next LOT initiation or death (HRjrq vs. kra:
0.76; 95% Cl: 0.58, 1.00; P = 0.0470) (Appendix Figure 4A).

These results were fairly consistent for patients treated in
earlier LOTs (i.e. LOT 2 and 3; Appendix Figure 4B).

4.5. Multivariate analysis

Overall, after adjusting for baseline covariates to distinguish
differences based on treatment effect, no differences in risk of
initiation of next line therapy or death emerged (P > 0.05) for
any of the comparisons across the Pl-based Rd triplet regi-
mens in the overall analysis of LOTs =2. The risk of initiation of
the next LOT or death was comparable for patients treated in
LOT =2 with IRd or KRd vs. VRd (HRgq vs. vra: 0-93 [95% ClI: 0.69,
1.26]; HRkRrq vs. vra: 1.11 [95% Cl: 0.84, 1.46]) and for IRd vs. KRd
(HRRd vs. kra: 0.84 [95% Cl: 0.63, 1.13]). Adjusted median TTNTs
for IRd, KRd, and VRd in LOT =2 were as follows: IRd:
13.5 months; KRd: 10.9 months; VRd 12.2 months (Figure 2,
Panel A). Additionally, we undertook a sensitivity analysis
restricting adjusted analyses of TTNT to only patients with
known values for ECOG PS, ISS stage, and cytogenetic risk;
the results from these analyses were consistent with the main
analysis (Online Appendix, Table 6).

4.6. Multivariate subgroup analyses

After adjustment for baseline covariates, differences in TTNT
across the treatment groups were observed among patients
deemed intermediate to frail via a modified frailty score, which
considered age and CCl only (Figure 2, Panel C), but TTNT was
comparable among fit patients (utilizing the modified frailty

score), among patients treated in earlier LOTs (i.e. LOT 2 or 3),
and for those with/without prior exposure to a Pl (Appendix
Figure 5). Specifically, prior exposure to bortezomib in LOT 1
did not lead to differences between the treatment groups for
LOTS =2 (HR: 0.81, IRd vs. VRd; 1.07, KRd vs. VRd; 0.76, IRd vs.
KRd; [P > 0.05 for all]), albeit numerically lower risks of next
LOT initiation or death were noted for patients treated in LOT
2 with one of the other two Pls (K or I) after exposure to
bortezomib in LOT 1 (HR: 0.44, IRd vs. VRd [P = 0.0593]; 0.69,
KRd vs. VRd [P = 0.3621]; 0.64, IRd vs. KRd; [P = 0.2452]).

Among patients with a modified frailty score of intermediate
to frail, the risk of initiation of next LOT or death was lower in
the IRd vs. KRd group (HRjgg vs. kra: 0.70 [95% Cl: 0.49, 0.98;
P = 0.0389]), and it was higher in the KRd vs. VRd group
(HRkRrd vs. vra: 1.38 [95% CI: 1.00, 1.89; P = 0.0481]) (Figure 2(c)
and Appendix Figure 5). The risk of next LOT initiation or death
was comparable between those patients with a modified frailty
score of intermediate to frail receiving IRd vs. VRd. Further,
there were no differences in adjusted TTNT among any of the
regimens for patients deemed as fit.

In a sensitivity analysis based on first use of the index
regimen only (patient-level analysis), the TTNT results for LOT
>2 and for all subgroups were consistent with the patient LOT-
level analyses, which compared real-world use of the index
regimens irrespective of sequencing order (Online Appendix,
Table 1).

5. Discussion

In our population of real-world patients with RRMM engaged
in routine care, some distinguishing differences in patient and
disease characteristics based on the PI-Rd regimen choice
were noted. For example, patients treated with KRd tended
to be younger and were less likely to be frail by modified
frailty score than those chosen for IRd or VRd. Further, patients
who received VRd tended to be treated in LOT2 (VRd, 70%;
KRd, 50%; IRd 37%), and fewer patients were refractory to
previous Pl and/or IMID therapy than those who received IRd
or KRd. Conversely, patients initiating IRd were treated in later
LOTs (3 or greater) and tended to have asymptomatic relapse
with the absence of CRAB symptoms than those on KRd or
VRd. In multivariate analyses after adjusting for prognostic and
treatment selection-relevant factors, high-risk cytogenetic dis-
ease emerged as an independent predictor of treatment
choice with IRd or KRd compared to VRd. Symptomatic relapse
and relapse after a history of prior SCT were independently
associated with KRd therapy compared to the other regimens,
which reflects the proclivity among practitioners to utilize KRd
in patients with a symptomatic relapse or more active disease,
as evidenced by its increased use in our study in patients with
relapse with end-organ damage (i.e. the presence of CRAB
symptoms) or after previously intensive therapy (i.e. SCT).
Prior to IMID and/or Pl exposure was independently associated
with lower odds of treatment with VRd vs. either of the other
regimens, reflecting the use of VRd in earlier LOTSs.
Interestingly, frailty status (utilizing the modified frailty score)
did not emerge as an independent predictor of treatment
choice.
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= . IRdvs KRd 0.84 (0.63, 1.13); P=0.2424
£ IRd vs VR 0.93 (0.69, 1.26); P=0.6431
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Panel (C). TTNT Intermediate to Frail Patients®
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@ Adjusted for the following
covariates: index regimen type (IRd ,
KRd, VRd), modified frailty score (0
[fit], 1-2 [intermediate to frail]), prior
PI and/or IMID exposure, prior SCT,
history of CVD or uncontrolled HTN,
history of PN, or baseline CRAB
symptoms (hypercalcemia, renal
failure, anemia, bone disease [all,
yes vs. no]), cytogenetic risk (high,
standard/unknown), ISS stage (I/II,
I, unknown), PI/IMID refractory
status (Pl and/or IMID refractory,
refractory to neither), time (months)
from diagnosis to start of index LOT,
refractory status to last therapy (yes,
no; yes was defined as a TF| from
end of most previous LOT to initiation
of index regimen of <60 days), time
of first relapse (months [i.e. time from
start of LOT1 to start of LOT2), and
year of diagnosis (2007-2011, 2012—
2015, 2016-2018).

® An event was defined as the start of
the next line of therapy or death

¢ Adapted from Palumbo, et al.
(Blood. 2015;125(13):2068-2074)
and includes age and CCl score
only, as IADL and ADL were not
available in the EHR database.
Key: CVD - cardiovascular disease;
HTN — hypertension; IMID —
immunomodulatory drug; IRd —
ixazomib, lenalidomide,
dexamethasone; ISS — International
Staging System; KRd — carfilzomib,
lenalidomide, dexamethasone; LOT
— line of therapy; Pl — proteasome
inhibitor; PN — peripheral neuropathy;
SCT - stem cell transplant; TFI —
treatment-free interval; VRd —
bortezomib, lenalidomide,
dexamethasone.

100
Adjusted® Risk of Event,* HR (95% Cl)
IRd vs KRd 0.70 (0.49, 0.98); P=0.0389

80 IRd vs VRd 0.96 (0.66, 1.40); P=0.8307

KRd vs VRd 1.38 (1.00, 1.89); P=0.0481 ‘
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Figure 2. Adjusted®® Time to Next Therapy for All Patients (LOT > 2) and by Modified Frailty Score®. (a) Adjusted for the following covariates: index regimen type
(IRd, KRd, VRd), modified frailty score (0 [fit], 1-2 [intermediate to frail]), prior Pl and/or IMID exposure, prior SCT, history of CVD or uncontrolled HTN, history of PN,
or baseline CRAB symptoms (hypercalcemia, renal failure, anemia, bone disease [all, yes vs. no]), cytogenetic risk (high, standard/unknown), ISS stage (I/I, Il
unknown), ECOG score (0-1, 2-4, unknown), PI/IMID refractory status (Pl and/or IMID refractory, refractory to neither), time (months) from diagnosis to start of index
LOT, refractory status to last therapy (yes, no; yes was defined as a TFl from end of most previous LOT to initiation of index regimen of <60 days), time of first
relapse (months [i.e. time from start of LOT1 to start of LOT2]), and year of diagnosis (2007-2011, 2012-2015, 2016-2018). (b) An event was defined as the start of
the next line of therapy or death. (c) Adapted from Palumbo et al. (Blood. 2015;125(13):2068-2074) and includes age and CCl score only, as IADL and ADL were not
available in the EHR database.

Key: CVD - cardiovascular disease; HTN — hypertension; IMID — immunomodulatory drug; IRd - ixazomib, lenalidomide, dexamethasone; ISS - International Staging System; KRd —
carfilzomib, lenalidomide, dexamethasone; LOT - line of therapy; Pl — proteasome inhibitor; PN — peripheral neuropathy; SCT — stem-cell transplant; TFI — treatment-free interval; VRd —
bortezomib, lenalidomide, dexamethasone.
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Based on our real-world analysis, after adjusting for baseline
covariates, no differences in TTNT emerged between any of the PI-
Rd triplets overall. In adjusted subgroup analyses, our results
revealed a TTNT benefit for IRd vs. KRd and worse TTNT for KRd
vs. VRd among patients with intermediate/frail status as measured
by the modified frailty score based on age and comorbidities,
while a numerically longer TTNT was noted for KRd vs. both IRd
and VRd among fit patients. Furthermore, patients who under-
went a switch to either KRd or IRd after prior exposure to borte-
zomib in first line had numerically lower risks of next line of
therapy initiation or death compared to VRd in second line.

The gap between the efficacy seen in trials and the actual
effectiveness noted in this real-world analysis bears discussion.
In contrast to the median TTNT of 14.2 months observed in this
study for VRd, the phase 2 study of VRd yielded a median PFS of
9.5 months; however, 42% had disease that had progressed on or
within 60 days of salvage therapy, and the median number of
prior therapies was two in the trial [9]. This is indicative of treat-
ment with VRd occurring in later LOTs within the phase 2 trial than
in our real-world population chosen for VRd, in which 70%
received only 1 prior LOT and most patients (86%) were not
refractory to either an IMID or a Pl at initiation of VRd. The
efficacy/effectiveness gap was most striking for the KRd regimen.
In contrast to the ASPIRE phase 3 clinical trial, which yielded a PFS
in the KRd arm of 26.3 months, our population engaged in routine
care who received KRd in LOT =2 and LOT 2-3 experienced
a median TTNT of 8.6 and 9.5 months, respectively. This is despite
the fact that more patients chosen for KRd in our study were
treated in LOT 2 (50% vs. 39.8%) vs. in the ASPIRE trial; however,
more patients initiating KRd in our study had known high-risk
cytogenetics (28% vs. 13%, ASPIRE) and prior exposure to an IMID
(with or without a Pl) (73% vs. 59%, ASPIRE), and fewer patients in
our study had relapsed after SCT prior to treatment with KRd (35%
vs. 55%, ASPIRE) [10]. Our real-world findings mirror those of other
observational studies of RRMM patients who received carfilzomib-
containing regimens in lines 2-4 of therapy wherein the median
TTNT/PFS ranged from 3.2 to 9.4 months [24-28]. Regarding
therapy with the oral PI-Rd triplet combination, in the phase 3
TOURMALINE-MM1 study, IRd yielded a median PFS of
20.6 months, while our population had an unadjusted median
TTNT of 12.7 months and 16.8 months among patients initiating
therapy in LOT =2 and LOT 2-3, respectively [16]. Again, differ-
ences in patient selection that may contribute to this discrepancy
include LOT in the phase 3 trial of IRd, LOT 2 for 60% of patients vs.
37% in this study, and the number of patients with previous IMID
exposure (54%, TOURMALINE-MM1 vs. 86%, here) [16]. The real-
world results for IRd are more varied. Our findings reveal that our
real-world population treated with ixazomib (with 63% treated in
>3 LOT) had a shorter TTNT (12.7 months for all patients treated in
LOT =2) than the PFS reported in other registry-based analyses.
The median PFS in the registry studies ranged from 20.9 to
23.1 months in populations where IRd was used as second-line
therapy for >50% of patients; however, notably in these analyses,
in addition to earlier use of IRd, the patient population was
younger (median age 66-67 years) and approximately 61% of
patients in those studies had undergone an SCT and had
a longer time from diagnosis to IRd initiation of 42 months
[29,30,]. In our study, the TTNT for patients treated with IRd in

earlier LOTs (n = 116; 53% in LOT2 and 47% in LOT3) of almost
17 months (Appendix Figure 4) more closely approximates the
reported PFS in the aforementioned registry analyses.

These discrepancies between efficacy and effectiveness
highlight the known limited generalizability of clinical trial
findings where elderly and comorbid patients are underrepre-
sented among those treated in routine clinical care. Notably,
patients with a modified frailty score of intermediate to frail,
representing 71.8% of the cohort in our study (intermediate,
47.2%; frail, 24.6%), had a lower adjusted risk of next treat-
ment initiation or death with IRd compared to KRd and
a higher risk of next treatment initiation or death with KRd
compared to VRd. Yet, frailty status utilizing the modified
frailty score did not emerge as an independent determinant
of regimen choice. These results suggest that a more indivi-
dualized patient selection may attenuate the efficacy-
effectiveness gap.

In addition to patient factors differentiating real-world vs.
clinical trial populations, duration of therapy also frequently
differs. In this analysis, we observed a lower risk of disconti-
nuation of the Pl and IMID component in the IRd vs. the KRd
and the VRd group. Several studies have shown that treatment
to progression or longer duration of therapy is associated with
longer survival outcomes [17,31-34]. The independent asso-
ciation between duration of therapy and outcomes by PI-Rd
regimen type was outside the scope of this analysis and
warrants further study.

This study must be interpreted in the context of limitations
inherent to all nonrandomized observational studies, which
include the possibility of residual confounding due to unob-
served treatment selection biases. Refractory status to either
a Pl or an IMID was defined using a previously published
algorithm [23] and may over- or underestimate the true pro-
portion of refractory patients. As previously mentioned,
a modified frailty score utilizing only age and CCl was
employed in this study based on the work of Palumbo et al.
[14], but this modified measure, which does not include phy-
sician-reported measures of activities of daily living (ADL,
IADL), may underestimate the proportion of patients with
intermediate and frail status. Comorbidities also tend to be
underreported in EHR datasets. The lack of an association
between CVD/uncontrolled HTN and regimen choice in this
analysis needs to be interpreted with caution and requires
further research. While in our study, we utilized an approach
for capture of cardiovascular diseases based on ICD-9/-10 that
is accepted as standard in other retrospective database studies
[35,36,], in order to identify clinically relevant cardiovascular
comorbidities in our elderly population and identify only
symptomatic cases, we restricted capture of these codes to
a primary or discharge diagnosis [12], which may have con-
tributed to under-estimation of CVD in our elderly RRMM
population.

Real-world data collected in the course of routine care have
commonly been associated with the limitation of missing or
unavailable data. For example, response rates or depth of
response to therapy were not available for any patient.
Further, we found that 67.8% had a missing ECOG perfor-
mance status, 72.4% of patients had a missing ISS stage and



79.5% did not have cytogenetic results available. With respect
to the identification of cytogenetic risk, as our natural lan-
guage processing algorithm was developed to specifically
query the presence of high-risk cytogenetic anomalies, those
with missing values (categorized as unknown) may be, in large
part, comprised of patients without high-risk features (i.e.,
standard-risk patients). Other real-world data sources have
similarly reported high proportions of missing data for prog-
nostic markers. For example, the Connect MM prospective
registry of 1,493 newly diagnosed MM patients treated at
259 US sites, including community (81%) and academic cen-
ters (18%) in the US, reported that only 58.7% and 58.1% of
patients had a record of ISS stage or a FISH/cytogenetic ana-
lysis, respectively, with 8.3% of patients having unspecified/
failed cytogenetic test results among those tested [37].
Another large retrospective US real-world data source had
missing ISS stage for 76% of MM patients (data on file). In
part, these rates of missing data may reflect the limited adop-
tion of these prognostic markers in treatment selection in
routine care, lack of access to timely testing, testing failure,
or underreporting in secondary data sources [37]. In our multi-
variate analyses, we mitigated possible bias stemming from
missing values for these prognostic factors by incorporating
other covariates that are related to the kinetics of disease
aggressiveness, including time from initiation of frontline ther-
apy to first relapse, time from diagnosis to initiation of the
index LOT, and LOT number. In addition, we undertook
a sensitivity analysis restricting adjusted analysis of TTNT to
only patients with known ECOG PS, ISS stage, and cytogenetic
risk; the results from these sensitivity analyses were consistent
with the main analysis (Online Appendix, Table 6). Further, the
analyses, including subgroup analyses, were not powered for
statistical comparisons; therefore, results may differ with more
recent data with longer follow-up and/or a larger sample size.
Specific to cytogenetics, it was not feasible to conduct
a subgroup analysis by Pl-triplet received for patients with
high cytogenetic risk, due to high level of censoring in this
subgroup. This does, however, highlight a need for future
analyses to address differences in outcomes by treatment
received for prognostically important subgroups, namely
those with high cytogenetic risk.

6. Conclusions

In this real-world representative RRMM cohort, after controlling
for baseline characteristics, the PI-Rd triplet combinations were
comparable in TTNT among all patients treated in LOT =2.
However, TTNT was shorter with KRd vs. the other PI-Rd combi-
nations in patients who had a modified frailty score of intermedi-
ate/frail, while a numerically longer adjusted TTNT was noted for
KRd among fit patients. Furthermore, patients who underwent
a switch to either KRd or IRd after prior exposure to bortezomib
in first line had numerically lower risks of next line of therapy
initiation or death compared to VRd in second line. We also
observed a longer duration of therapy with the Pl and IMID
component in the IRd vs. the KRd and the VRd group. The relative
impact of longer duration of the oral PI-Rd vs. other triplets on
outcomes warrants further research. The TTNT results from our
RRMM cohort suggest a gap between the efficacy observed in
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clinical trials and a lower effectiveness in the real world, which
was especially striking for KRd, underlining the limited general-
izability of results from randomized clinical trials, where 50-75%
of patients are excluded due to inability to meet eligibility criteria
[12]. Individualized treatment recommendations based on
patient characteristics, such as advanced age and/or comorbidity
status (which comprised our modified frailty score), may help
improve real-world outcomes; this is especially pertinent in an
elderly RRMM population as demonstrated by the real-world
effectiveness results in this study.
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