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ABSTRACT 
Triplet regimens containing immunomodulatory drugs and proteasome inhibitors (PIs) have improved outcomes and extended survival for 
patients with relapsed/refractory multiple myeloma (RRMM). We evaluated updated health-related quality of life (HRQoL) findings from the 
phase 2 ELOQUENT-3 clinical trial (NCT02654132) after 4 years of treatment with elotuzumab plus pomalidomide and dexamethasone (EPd) 
and assessed the impact of the addition of elotuzumab on patients’ HRQoL. HRQoL was assessed as an exploratory endpoint using the MD 
Anderson Symptom Inventory for Multiple Myeloma (MDASI-MM), which evaluates symptom severity, symptom interference, and HRQoL, 
and the 3-level EQ-5D, a patient-reported measure of health utility and general health. Statistical analyses included descriptive responder, 
longitudinal mixed-model, and time-to-first-deterioration (TTD) analyses using prespecified minimally important differences and responder 
definitions. Of 117 randomized patients, 106 (EPd, n = 55; pomalidomide and dexamethasone [Pd], n = 51) were eligible for inclusion in 
HRQoL analyses. Completion rates at almost all on-treatment visits were ≥80%. The proportion of patients treated with EPd who improved 
or maintained stable HRQoL until cycle 13 ranged from 82% to 96% for MDASI-MM total symptom score and 64% to 85% for MDASI-MM 
symptom interference. Across measurements, there were no clinically meaningful differences in changes from baseline between treatment 
arms, and TTD was not significantly different for EPd versus Pd. In conclusion, HRQoL was not impacted by the addition of elotuzumab to 
Pd and did not significantly deteriorate in patients with RRMM previously treated with lenalidomide and a PI in ELOQUENT-3.

INTRODUCTION

Multiple myeloma (MM) accounts for approximately 1.8% 
of all cancer diagnoses and 2.1% of all cancer deaths in the 
United States,1 with an estimated 34,920 cases diagnosed in 
2021.2 Worldwide, the estimated number of new cases of MM 
in 2020 was 176,404.3 Patients with MM often experience poor 
health-related quality of life (HRQoL), which may substantially 
deteriorate through multiple treatment lines.4,5 In particular, 
fatigue and bone pain are 2 of the most common symptoms 
reported by patients with MM.6 Triplet regimens, specifically 
those containing immunomodulatory drugs and proteasome 
inhibitors (PIs), have improved outcomes and extended sur-
vival for patients with relapsed/refractory multiple myeloma 
(RRMM), and abrogate MM-induced symptoms more quickly 
and efficiently than doublet regimens.7,8 However, the extended 
use of multiagent treatments has the potential to increase treat-
ment-related side effects.9

In the randomized, phase 2 ELOQUENT-3 trial 
(NCT02654132), the efficacy and safety of elotuzumab, a 
humanized immunoglobulin G1 monoclonal antibody, in com-
bination with pomalidomide and dexamethasone (EPd), versus 
pomalidomide and dexamethasone alone (Pd) were assessed in 
patients with RRMM previously treated with lenalidomide and 
a PI. Patients were randomized in a 1:1 ratio to receive either 
EPd or Pd, stratified by the number of lines of prior therapy (2–3 
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versus >4) and International Staging System stage at study entry 
(I–II versus III). At the time of the database lock in November 
2018, patients treated with EPd had a 46% reduction in the 
risk of death versus Pd, without increasing toxicity or affecting 
HRQoL through 18.3 months of follow-up.10,11 Subsequent clin-
ical data based on a minimum follow-up period of 45 months 
(database lock: January 2021) demonstrated that median (95% 
confidence interval [CI]) overall survival was significantly 
improved with EPd (29.8 [22.9-45.7] months) versus Pd (17.4 
[13.8-27.7] months), with a hazard ratio of 0.59 (95% CI, 0.37-
0.93; P = 0.022).12,13

To inform treatment-related decision-making, it is import-
ant to measure how effective therapies can preserve HRQoL 
without a negative impact. The objective of this study was to 
evaluate HRQoL findings from ELOQUENT-3 after 4 years 
of EPd therapy (data cutoff, January 11, 2021) and assess 
whether the addition of elotuzumab to Pd impacts patients’ 
HRQoL. At the 4-year database lock, patients in the EPd 
group had received a median (range) of 9.0 (1–53) treatment 
cycles while those in the Pd group received 5.0 (1–50).13 
Preliminary HRQoL findings from the 4-year database lock 
were presented at the American Society of Hematology 
annual meeting 2021.14 Here, we present more extensive data 
across all patient-reported outcome (PRO) subscales admin-
istered in the study (MD Anderson Symptom Inventory for 
Multiple Myeloma [MDASI-MM]15 and the 3-level EuroQol 
5 dimension [EQ-5D-3L]).

MATERIALS AND METHODS

Study design and HRQoL measures
The ELOQUENT-3 study design has previously been 

reported.10 HRQoL was assessed as an exploratory endpoint 
using the MDASI-MM14 and EQ-5D-3L16 at baseline, start of 
every 28-day treatment cycle, end of treatment, and during fol-
low-up every 3 months.

The MDASI-MM measures symptom severity of disease and 
treatment and impact on daily-life function, and comprises 2 
domains: total symptom severity (13 core and 7 MM-specific 
symptom severity items) and symptom interference (3 activity 
and 3 affective interference items).15 Pain, fatigue, and bone pain 
were key symptoms additionally analyzed at the item level. All 
scores range from 0 to 10; higher scores indicate worse HRQoL. 
Clinically meaningful changes were evaluated in terms of group-
level minimally important differences (MIDs) and within-person 
responder definitions based on standard error of the mean for 
domains17 and one-half standard deviation (SD) for individual 
items.18

EQ-5D-3L is a patient-reported measure of health utility 
and general health, and comprises 5 dimensions: mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression; 
scores are converted into a single summary-utility index rang-
ing from −0.59 to 1 (0 = death; 1 = perfect health) based on 
United Kingdom empirically derived weights.16 A visual ana-
log scale (VAS) evaluates self-reported health from 0 to 100 
(higher scores = better health status). Clinically meaningful 
score changes were interpreted using MIDs/responder defini-
tions of 0.08 for the United Kingdom utility index and 7 for 
the VAS.19

Statistical analyses
All randomized patients with baseline and ≥1 post-baseline 

MDASI-MM/EQ-5D-3L assessment were eligible for inclusion 
in the HRQoL analysis population used for descriptive responder 
and longitudinal mixed-model analyses; time-to-first-deterio-
ration (TTD) analyses were based on all randomized patients. 
Available data and completion rates for HRQoL questionnaires 
were calculated using the number of randomized and expected 
patients, respectively, at each time point.

Descriptive responder analysis
The proportion of improved/stable/deteriorated patients’ 

HRQoL compared with baseline at cycles 2–13 was presented 
based on prespecified responder definitions for each PRO score.

Table 1

Demographic and Clinical Characteristics at Baseline

Characteristic 

Intent-to-treat Population HRQoL Analysis Population

EPd (n = 60) Pd (n = 57) EPd (n = 55) Pd (n = 51) 

Age at baseline, y
  Mean (SD) 66.2 (9.9) 65.5 (9.9) 66.9 (9.3) 65.5 (10.3)
Sex, n (%)
  Female 28 (46.7) 22 (38.6) 26 (47.3) 21 (41.2)
  Male 32 (53.3) 35 (61.4) 29 (52.7) 30 (58.8)
Race, n (%)
  Asian 15 (25.0) 9 (15.8) 15 (27.3) 8 (15.7)
  White 45 (75.0) 45 (78.9) 40 (72.7) 41 (80.4)
  Black or 

African 
American

- 1 (1.8) - -

  Other - 2 (3.5) - 2 (3.9)
Region, n (%)
  North 

America
3 (5.0) 7 (12.3) 3 (5.5) 6 (11.8)

  Europe 44 (73.3) 43 (75.4) 39 (70.9) 39 (76.5)
  Japan 13 (21.7) 7 (12.3) 13 (23.6) 6 (11.8)
ECOG PS at baseline, n (%)
  0 28 (46.7) 23 (40.4) 26 (47.3) 21 (41.2)
  1 28 (46.7) 26 (45.6) 25 (45.5) 23 (45.1)
  2 4 (6.7) 8 (14.0) 4 (7.3) 7 (13.7)
Prior therapy lines, n (%)
  2–3 37 (61.7) 35 (61.4) 34 (61.8) 32 (62.7)
  ≥4 23 (38.3) 22 (38.6) 21 (38.2) 19 (37.3)
ISS stage, n (%)
  I–II 52 (86.7) 51 (89.5) 48 (87.3) 45 (88.2)
  III 8 (13.3) 6 (10.5) 7 (12.7) 6 (11.8)

ECOG PS = Eastern Cooperative Oncology Group performance status; EPd = elotuzumab + poma-
lidomide + dexamethasone; HRQoL = health-related quality of life; ISS = International Staging 
System; Pd = pomalidomide + dexamethasone; SD = standard deviation.

Table 2

MDASI-MM and EQ-5D-3L Mean (SD) Baseline Scores in HRQoL 
Population, by Domain/Symptom

Domain/Symptom EPd Pd 

MDASI-MMa n = 49 n = 42
Total symptom severity 1.5 (1.4) 1.6 (1.4)
  Core symptom severity 1.7 (1.5) 1.7 (1.5)
  Module symptom severity 1.2 (1.3) 1.4 (1.4)
  Item 1: Pain 2.6 (2.5) 2.7 (2.7)
  Item 2: Fatigue 2.8 (2.5) 3.0 (2.7)
  Item 20: Bone pain 2.3 (2.7) 2.9 (3.0)
Symptom interference 2.5 (2.7) 2.1 (2.0)
  Activity interference 2.6 (2.8) 2.8 (2.7)
  Affective interference 2.3 (2.7) 1.5 (1.6)
EQ-5D-3L n = 55 n = 51
  Utility indexb 0.698 (0.283) 0.677 (0.291)
  VASc 65.6 (18.6) 69.2 (20.9)

aScore ranges from 0 to 10, with a higher score indicating greater symptom severity/interference.
bScore ranges from 1 (full health) to 0 (death), with negative scores (to −0.59) reflecting health 
states valued as worse than death.
cScore ranges from 0 to 100, with a higher score indicating a better health status.
EPd = elotuzumab + pomalidomide + dexamethasone; EQ-5D-3L = 3-level EuroQol 5 dimension; 
HRQoL = health-related quality of life; MDASI-MM = MD Anderson Symptom Inventory for Multiple 
Myeloma; Pd = pomalidomide + dexamethasone; SD = standard deviation; VAS = visual analog scale.



3

  (2023) 7:3 www.hemaspherejournal.com

Longitudinal mixed-model analysis
Longitudinal mixed models for repeated measures 

(MMRM) analysis generated estimates of least squares 
(LS) mean change from baseline and LS mean treatment 

differences. MMRM models included all data up to and 
including cycle 13 (last on-treatment visit with ≥10 patients 
completing PROs in each treatment arm). Change from 
baseline PRO score was included as the dependent variable; 

Figure 1. Proportion improved/stable/worsened patients for (A) MDASI-MM total symptom score, (B) MDASI-MM symptom interference, and (C) 
EQ-5D-3L VAS at each on-treatment cycle. (A) Responder definition was −0.4 for improvement and +0.4 for worsening HRQoL; (B) Responder definition 
was −0.7 for improvement and +0.7 for worsening HRQoL; (C) Responder definition was +7 for improvement and −7 for worsening HRQoL. For all graphs 
(A–C), response calculated relative to baseline; number of patients presented within bars. EPd = elotuzumab + pomalidomide + dexamethasone; EQ-5D-3L = 3-level EuroQol 
5 dimension; HRQoL = health-related quality of life; MDASI-MM = MD Anderson Symptom Inventory for Multiple Myeloma; Pd = pomalidomide + dexamethasone; VAS = visual analog scale. 



4

Weisel et al HRQoL in RRMM Patients Treated With EPd

covariates included baseline score and stratification factors. 
Treatment group, visit week, and treatment group × visit 
week interaction were treated as fixed effects, with visit week 
as a repeated measure. Models were run using an unstruc-
tured covariance matrix.

TTD analysis
The TTD analysis evaluated whether elotuzumab addi-

tion to Pd resulted in faster HRQoL deterioration rates. 
TTD was defined as time to first change from baseline that 
reached the responder definition threshold for deterioration 
(ie, MDASI-MM score increase, EQ-5D-3L score decrease) 
and was calculated using all on-treatment visit data. Patients 
without a PRO-deterioration event were censored at the date 
of the last PRO assessment. Hazard ratios were estimated from 
stratified Cox regression models. Median TTD was estimated 
using unstratified Kaplan–Meier methodology. Statistical sig-
nificance presented is at the 0.05 level, with no multiplicity 
adjustment.

RESULTS

Analysis population and completion rates
Of the 117 randomized patients in the ELOQUENT-3 intent-

to-treat population, 106 patients (EPd, n = 55; Pd, n = 51) were 
eligible for inclusion in the HRQoL analyses. Baseline demo-
graphic and clinical characteristics of the HRQoL population 
were similar for the EPd and Pd arms and were representative of 
the intent-to-treat study population (Table 1).

With the exception of cycle 14, MDASI-MM and EQ-5D-3L 
questionnaire completion rates (out of the expected popula-
tion) were 80% or higher for all on-treatment visits where ≥10 
patients remained on study in the EPd arm (Suppl. Table S1). 
HRQoL was examined between arms up to cycle 13 due to the 
low number of patients in the Pd arm (<10 patients) after this 
time point. At cycle 13, 40.0% and 17.5% of the total number 
of patients randomized to EPd and Pd, respectively, completed 
the MDASI-MM; available data rates for the EQ-5D-3L were 
slightly higher (Suppl. Table S1).

Descriptive responder analysis
Mean baseline HRQoL scores were similar between EPd and 

Pd arms, with the exception of affective interference on the 
MDASI-MM, which showed greater symptom interference in 
the EPd arm (EPd: 2.3, Pd: 1.5; Table 2). Table 2 presents the 
mean baseline scores for the MDASI-MM (domains, subscales, 
and individual items for the key symptoms of pain, fatigue, and 
bone pain) and EQ-5D-3L (utility index and VAS).

For responder analyses, the proportion of patients in the 
EPd arm who either improved or maintained stable HRQoL 
from baseline until cycle 13 ranged from 82% to 96% for 
MDASI-MM total symptom severity score, and 64% to 85% 
for MDASI-MM symptom interference (Figure 1A and B). The 
proportion of patients in the Pd arm who improved or main-
tained stable HRQoL from baseline was similar to EPd up until 
cycle 12 for total symptom severity score and cycle 11 for symp-
tom interference, after which a greater proportion of the few 
remaining patients in the Pd arm worsened. For the EQ-5D-3L 
VAS, there was a greater proportion of patients at cycle 2 who 
deteriorated on Pd (55.3%) compared with EPd (29.2%); how-
ever, differences between treatment arms at later cycles were less 
noticeable, with the proportion of patients who improved or 
maintained stable HRQoL ranging from 63% to 78% for EPd 
and from 54% to 81% for Pd (Figure 1C). The conclusions for 
the other scales were consistent with those reported here.

Longitudinal mixed-model analysis
Comparing LS mean treatment differences against the MIDs 

for the respective scales indicated that there were no overall 
clinically meaningful differences between the EPd and Pd arms 
for MDASI-MM (including domains, subscales, and individual 
items for the key symptoms of pain, fatigue, and bone pain) or 
EQ-5D-3L (utility index and VAS) (Table 3).

TTD analysis
There were no statistically significant differences in TTD 

in HRQoL between the EPd and Pd arms. Hazard ratios 
(95% CI) for MDASI-MM total symptom severity score, 
MDASI-MM symptom interference, and EQ-5D-3L VAS 

Table 3

MMRMs Analysis of Change From Baseline in PRO Scales (HRQoL Analysis Population)

Item/Domain EPd: N, LS Mean (95% CI) Pd: N, LS Mean (95% CI) Treatment Difference LS Mean (95% CI)a 

Treatment Difference

P Value MID 

MDASI-MMb

  Total symptom severity 48, 0.5 (0.1–0.9) 40, 0.4 (−0.1 to 0.9) 0.1 (−0.5 to 0.6) 0.811 0.4
   Core symptom severity 48, 0.4 (−0.1 to 0.8) 40, 0.3 (−0.2 to 0.9) 0.1 (−0.5 to 0.6) 0.846 0.5
   Module symptom severity 47, 0.5 (0.1–0.9) 40, 0.4 (−0.1 to 0.9) 0.1 (−0.4 to 0.6) 0.597 0.7
   Item 1: Pain 48, 0.2 (−0.6 to 0.9) 40, 0.2 (−0.7 to 1.1) −0.1 (−1.1 to 0.9) 0.884 1.3
   Item 2: Fatigue 48, 0.9 (0.1–1.7) 40, 0.9 (−0.1 to 1.8) 0.0 (−1.0 to 1.0) 0.987 1.3
   Item 20: Bone pain 47, 0.1 (−0.8 to 0.9) 40, −0.2 (−1.1 to 0.8) 0.2 (−0.9 to 1.3) 0.695 1.5
  Symptom interference 47, 0.5 (−0.2 to 1.2) 40, 0.8 (0.0–1.5) −0.3 (−1.1 to 0.5) 0.462 0.7
   Activity interference 47, 0.6 (−0.2 to 1.3) 40, 0.8 (−0.1 to 1.6) −0.2 (−1.0 to 0.7) 0.708 0.8
   Affective interference 47, 0.2 (−0.4 to 0.9) 40, 0.6 (−0.2 to 1.3) −0.4 (−1.2 to 0.4) 0.344 0.8
EQ-5D-3Lc

  Utility index 54, −0.005 (−0.073 to 0.063) 50, −0.053 (−0.130 to 0.023) 0.048 (−0.032 to 0.129) 0.237 0.08
  VAS 52, 1.4 (−3.6 to 6.4) 48, −3.3 (−8.7 to 2.2) 4.7 (−0.9 to 10.2) 0.098 7

Includes all data up to cycle 13 (where both treatment arms had ≥10 patients).
aA treatment difference that exceeds the MID indicates a clinically meaningful difference between treatment arms.
bScore ranges from 0 to 10, with a higher score indicating greater symptom severity/interference. A positive LS mean change from baseline indicates worsening and a positive LS mean treatment difference 
indicates greater symptom burden/interference for EPd.
cUtility index score ranges from 1 (full health) to 0 (death), with negative scores (to −0.59) reflecting health states valued as worse than death. VAS score ranges from 0 to 100. A positive LS mean change 
from baseline indicates improvement and a positive LS mean treatment difference indicates better HRQoL for EPd.
CI = confidence interval; EPd = elotuzumab + pomalidomide + dexamethasone; EQ-5D-3L = 3-level EuroQol 5 dimension; HRQoL = health-related quality of life; LS = least squares; MDASI-MM = MD 
Anderson Symptom Inventory for Multiple Myeloma; MID = minimally important difference; MMRM = mixed models for repeated measures; Pd = pomalidomide + dexamethasone; PRO = patient-reported 
outcome; VAS = visual analog scale.

http://links.lww.com/HS/A365
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were 1.176 (0.694–1.992), 0.843 (0.494–1.437), and 0.707 
(0.437–1.144), respectively. Kaplan–Meier curves, display-
ing the proportion of patients who have not experienced a 
deterioration in PRO score over time, showed overlapping 
confidence bands, indicating no statistically significant differ-
ences in TTD between the EPd and Pd arms (Figure 2). The 
conclusions for the other scales were consistent with those 
reported here.

DISCUSSION

In patients with RRMM previously treated with lenalidomide 
and a PI, combining elotuzumab with Pd did not lead to any 
additional deterioration of HRQoL. The proportion of patients 
who improved or maintained stable HRQoL until cycle 13 was 
similar between treatment arms. Across measurements, there 
were no clinically meaningful differences in LS means between 
treatment arms, and TTD in disease- or treatment-related 

Figure 2. Time to first deterioration Kaplan–Meier plots (95% confidence bands) for (A) MDASI-MM total symptom severity, (B) MDASI-MM 
symptom interference, and (C) EQ-5D-3L VAS (continued on next page). CI = confidence interval; EPd = elotuzumab + pomalidomide + dexamethasone; EQ-5D-3L = 3-level 
EuroQol 5 dimension; HR = hazard ratio; MDASI-MM = MD Anderson Symptom Inventory for Multiple Myeloma; Pd = pomalidomide + dexamethasone; VAS = visual analog scale. 
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symptoms was not significantly different for EPd versus Pd 
after up to 4 years of therapy. These findings are consistent with 
HRQoL analyses conducted on the prior database lock.11 For 
example, the trend for delayed TTD in EQ-5D-3L VAS observed 
on this updated 4-year database lock (hazard ratio, 0.71 [95% 
CI, 0.44–1.14]) is very consistent with the hazard ratio based 
on the prior database lock with a minimum follow-up of 18.3 
months (0.70 [0.43–1.14]).11

The preservation of patient-reported HRQoL with the addi-
tion of elotuzumab to Pd is consistent with the previously pub-
lished clinician-reported adverse event data for ELOQUENT-3. 
The proportion of patients who experienced adverse events that 
led to treatment discontinuation (EPd: 18.3%, Pd: 23.6%) was 
relatively similar between the 2 treatment arms.12,13 Instances of 
bone pain and fatigue-related adverse events were both low, with 
≤20% patients in each treatment arm experiencing any grade of 
each of these adverse events based on clinician reports.12,13

ELOQUENT-3 was an international study for which the 
MDASI-MM and EQ-5D-3L questionnaires were translated 
into the local language for each country where available. Since a 
Polish-language translation was not available specifically for the 
MDASI-MM, no MDASI-MM data were collected from the 16 
patients enrolled at sites in Poland (7 and 9 patients randomized 
to EPd and Pd, respectively). These patients were not included 
in the calculation of the expected number of subjects for the 
MDASI-MM, but resulted in lower available data rates for the 
MDASI-MM compared with the EQ-5D-3L.

A limitation of the MMRM methodology implemented for 
this analysis is that it assumes data are missing at random and, 
as such, the inability of patients to respond to PRO assess-
ments can result in a bias in favor of responders. To evaluate 
the impact of missing data in ELOQUENT-3, mean scores were 
plotted by the time of last assessment. The resultant plots (not 
shown) demonstrated no clear patterns in PRO scores related to 
drop-out time of assessment, suggesting the reasonableness of 
the assumption of data missing at random in longitudinal anal-
ysis modeling. However, this study was not powered to detect 
differences in PRO endpoints, and any treatment differences 

observed should be interpreted with caution, given the small 
number of patients completing PRO assessments in the Pd treat-
ment arm by cycle 13. The lack of blinding in ELOQUENT-3 is 
an additional limitation.

It is also important to note that all the analyses presented here are 
based on PRO data collected on-treatment, during which time the 
patient completion rate of PROs was high. Therefore, although data 
availability at survival follow-up visits is limited (completion rates 
<50%), further exploration of PRO analyses using survival fol-
low-up data may be warranted. Collection of HRQoL data beyond 
disease progression is challenging, potentially due to reduced patient 
engagement post-progression. Time-to-event analyses presented 
here are limited to TTD. Time to confirmed deterioration, defined as 
a deterioration event where the subsequent assessment after the first 
deterioration also reaches the predefined deterioration threshold, 
would additionally be informative to explore.

Finally, although the MID values of 7 and 0.08 are commonly 
used in the literature to define clinically meaningful changes in 
EQ-5D-3L VAS and utility index scores, respectively, it is import-
ant to note that these thresholds were determined from a study 
involving patients across 11 different types of cancer, not including 
MM.19 Therefore, further research is recommended to confirm the 
appropriateness of those thresholds in an MM population.

In conclusion, HRQoL was not impacted by the addition 
of elotuzumab to Pd and did not significantly deteriorate in 
patients with RRMM previously treated with lenalidomide and 
a PI in ELOQUENT-3 after up to 4 years of EPd therapy. These 
patient-reported HRQoL findings complement existing fol-
low-up data, which show that patients who were treated with 
EPd experienced clinically meaningful improvements in survival 
without impacting HRQoL,10–12 further supporting the clinical 
value of EPd in adult patients with RRMM who have received 
≥2 prior therapies including lenalidomide and a PI.
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