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Summary

Relapsed/refractory multiple myeloma (RRMM) is known to have a high

burden of disease and complications associated with refractoriness to prior

lines of therapy. Severe pain and fatigue symptoms and impairments in

physical and emotional functioning have been strongly linked to reduced

health-related quality of life (HRQoL) in patients with RRMM. Assessment

of patient reported-outcome measures from the pivotal, Phase II HORI-

ZON study (OP-106; NCT02963493) in patients with RRMM (n = 64)

demonstrated that melphalan flufenamide (melflufen) plus dexamethasone

treatment preserved HRQoL. Patients had clinically meaningful improve-

ments, even after eight treatment cycles, in relevant scales such as global

health status/QoL, physical functioning, emotional functioning, pain, and

fatigue. Patients with triple-class–refractory disease (n = 50) displayed simi-

lar improvements. Patient-reported outcome deterioration was delayed for

a substantial amount of time in patients who experienced a response to

melflufen plus dexamethasone treatment relative to patients who did not

experience a response. These findings support the notion that treatment

with melflufen plus dexamethasone may sustain or improve HRQoL over

time in patients with RRMM, including in patients with triple-class–refrac-
tory disease for whom outcomes are generally worse. The clinical benefits

observed in patients from the HORIZON trial are encouraging and sup-

portive of translation into real-world practice.

Keywords: patient-reported outcomes, melflufen, melphalan flufenamide,

health-related quality of life, relapsed/refractory multiple myeloma.
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Introduction

Survival in multiple myeloma (MM) has improved substan-

tially in recent years due to advances in therapeutic agents

and approaches. Despite this, patients continue to relapse and

survival after exposure to the three main classes of drugs [pro-

teasome inhibitors (PIs), immunomodulatory drugs, and anti-

cluster of differentiation 38 (CD38) monoclonal antibodies

(mAbs)] results in triple-class–exposed or –refractory disease,

with suboptimal outcomes.1–3 Moreover, this improvement in

survival has contributed to an increased proportion of

patients with relapsed/refractory MM (RRMM) living with

the burden of symptoms and complications associated with

the disease and prior lines of therapy.3,4 RRMM is associated

with severe symptoms, of which pain, fatigue, physical func-

tioning, and emotional functioning have been strongly linked

to impairments in health-related quality of life (HRQoL) of

patients.5,6 Treatment goals for late-stage patients with

RRMM should therefore not only include extending survival

but also managing disease and treatment-related symptoms

and preserving, or potentially improving, HRQoL.4,7

Melphalan flufenamide (melflufen) is a first-in-class

peptide-drug conjugate (PDC) that targets aminopeptidases

and thereby rapidly releases alkylating agents inside tumour

cells, and has been approved by the United States Food and

Drug Administration (FDA) for use in patients with

RRMM.8–13 In the pivotal, Phase II, HORIZON study (OP-

106; ClinicalTrials.gov identifier: NCT02963493), melflufen

plus dexamethasone showed clinically meaningful efficacy

with an overall response rate (ORR) of 29%, median

progression-free survival of 4�2 months, median overall sur-

vival of 11�6 months, and a manageable safety profile in

patients with advanced RRMM.14 The present analysis

focusses on patient-reported outcomes (PROs) collected in a

subset of patients in the HORIZON study.

Methods

Study design and participants

The HORIZON study was a pivotal, single-arm, multicentre,

Phase II study of melflufen plus dexamethasone in patients

with RRMM who received at least two prior lines of therapy,

including an immunomodulatory agent and PI, and who

were refractory to pomalidomide and/or an anti-CD38 mAb.

Additional eligibility criteria have been previously

described.14

In each 28-day cycle, patients received a 30-min central

intravenous infusion of melflufen 40 mg (starting dose) on

day 1 in combination with oral dexamethasone 40 mg

(20 mg if aged ≥75 years) on days 1, 8, 15, and 22 until dis-

ease progression, unacceptable toxicity, or withdrawal. Dose

reductions for melflufen-related toxicities were allowed after

the first cycle in 10-mg increments down to the lowest dose

of 20 mg, as previously described.14 Multiple dose reduction

steps for dexamethasone were permitted based on starting

dose. The 40 mg starting dose could be reduced to 20 mg in

step 1, then 12 mg in step 2, and the 20 mg starting dose

could be reduced to 12 mg in step 1, then 8 mg in step 2.

The primary end-point was ORR [partial response or better

(≥PR)] assessed by the investigator and confirmed by inde-

pendent review.

The study was conducted in accordance with the Declara-

tion of Helsinki and International Conference on Harmoni-

sation guidelines for Good Clinical Practice. The protocol

was reviewed and approved by national regulatory authorities

and an independent ethics committee or institutional review

board at each study centre. Each patient provided written

informed consent.

Following protocol amendment 5, PRO assessments were

added to capture functional status and well-being. Analyses
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included patients with valid baseline and at least one post-

baseline assessment. Subgroup analyses were performed for

patients with triple-class–refractory MM (MM that is refrac-

tory to or intolerant of one or more immunomodulatory

drug, one or more PI, and one or more anti-CD38 mAb).

Outcome measures

Two PRO measures were used to assess functional status and

well-being, as a prespecified secondary end-point in the

HORIZON study: the EuroQol five Dimensions-three Levels

(EQ-5D-3L) questionnaire15 and the European Organisation

for Research and Treatment of Cancer Quality of Life

Questionnaire-Core 30 version 3 (EORTC QLQ-C30).16 The

EQ-5D-3L is a generic measure of health status. The EQ

visual analogue scale (VAS) is intended to rate ‘health today’

with anchors ranging from 0 (worst imaginable health state)

to 100 (best imaginable health state). The EORTC QLQ-C30

is used to assess HRQoL of patients with cancer participating

in international clinical trials, with a 1-week recall period,

with raw scores transformed to a range of 0–100 (higher

scores represent better functioning for functional status/QoL

and functional scales, and an increase in symptoms for the

symptom scales), and calculated according to the QLQ-C30

scoring manual.16 For the purpose of these analyses, fatigue

and pain were identified as the most relevant symptom scales

for patients with RRMM from the EORTC QLQ-C30, in

addition to global health status/QoL and physical and emo-

tional functioning.5,6,17

Questionnaires were administered at baseline, before dos-

ing at day 1 of cycles two, four, six and eight, at the end of

treatment, and at follow-up visits for progression-free and

overall survival. Completion rates were calculated as the pro-

portion of patients who completed each relevant PRO scale,

out of the total number who were dosed (from the same

protocol amendment) at each cycle. Cycle four was consid-

ered a relevant time interval for capturing important PRO

changes and was of primary interest for the change from

baseline analyses.

Statistical analyses

To understand whether PRO results were stable over time, the

mean changes from baseline were estimated and 95% confi-

dence intervals (CIs) were calculated. The EORTC QLQ-C30

symptom scales were defined as stable, based on available

minimal important difference thresholds, if the 95% CI were

within �18 to 13 units for global health status/QoL, within

�18 to 10 for physical functioning, within �24 to 24 units

for pain, and within �20 to 15 units for fatigue.17 A lower

bound of the 95% CI for global health status/QoL scale and

physical functioning scale falling below �18 units, and an

upper bound of the 95% CI for pain and fatigue scales above

24 and 15 units, respectively, were seen as deterioration.17 An

upper bound for the 95% CI for global health status/QoL and

physical functioning scale above 13 and 10 units, respectively,

and the lower bound of the 95% CI for the pain and fatigue

scales falling below �24 and �20 units, respectively, were

seen as improvement.17 Outputs were shown using descriptive

statistics and graphical representations for the proportion of

patients with impairments or meaningful improvements.

Analyses were performed based on data in all cycles, as

the change from baseline using mixed models for repeated

measures (MMRM). The models included baseline score as a

covariate and visit (cycle). Least-square (LS) means for

change from baseline at the different cycles and two-sided

95% CIs were calculated. No imputation of missing values

was performed. Univariate analyses for the mean changes

from baseline to cycle four, using 95% CI based on the

t-distribution, were also performed.

The proportion of patients with improvement from baseline

in EORTC QLQ-C30 scores over time was assessed. On indi-

vidual scores, improvement cut-offs of 5–10 points (indicative

of small improvements) and ≥10 points (indicative of medium

to large improvements) from baseline were defined using pre-

viously established minimal important differences for MM.18–22

The relevant scales were examined at both cut-offs as the num-

ber of improved patients per cycle and the percentage of

improved patients of the total number per cycle.

Time until definite deterioration was assessed, defined as

the time interval between the baseline measurement and the

first ≥10 point deterioration from baseline (decrease for

functional scales and global health status/QoL, increase for

symptom scales) in EORTC-QLQ-C30 score with no further

improvement during the remaining assessments.23 A change

of ≥10 points from baseline was selected as the threshold

based on the minimal important difference established in

Osoba et al.20 Death was considered as an event when it

occurred within a period of time defined by 1�5-times the

period between two assessments (three treatment cycles or

12 weeks) as planned in the study protocol, and as previ-

ously established.23,24 Patients were considered lost to follow-

up for HRQoL and were censored at the last assessment if a

≥10 point deterioration from baseline was not observed, or if

a ≥10 point deterioration was followed by an improvement

at a subsequent cycle.25 All patients with baseline and one or

more post-baseline PRO assessment were included in time

until definite deterioration analyses. Patients were stratified

as responders [achieving ≥PR or a minimal response or bet-

ter (≥MR)], or as non-responders [patients with stable dis-

ease (SD), progressive disease (PD), or not evaluable]. Time

until definite deterioration was calculated using the Kaplan–
Meier method and described using medians and 95% CIs

using a log(�log(survival)) distribution.

Results

Of the 72 patients who enrolled after the protocol amend-

ment to allow PRO assessment, 64 had valid baseline and

post-baseline PRO assessments. At the data cut-off date of

Patient-reported Outcomes in RRMM from HORIZON
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25 August 2020 used for the analyses, 11 patients remained

on therapy. Baseline characteristics were generally compara-

ble between patients from whom PROs were collected and

those in the overall population (Table I). The median

(range) age was 67 (46–84) years), 19% had International

Staging System Stage III disease, 36% had high-risk cytoge-

netics at study entry, 30% had extramedullary disease, and

patients had received a median of five prior lines of therapy

(range, two to 10). In all, 50 patients had triple-class–refrac-
tory disease. At cycles two, four, six, and eight, 91%, 95%,

96%, and 100% of patients with ongoing treatment com-

pleted EQ VAS PRO assessments, and 96%, 95%, 96%, and

100% completed global health status/QoL PRO assessments,

respectively (Table SI). Completion rates were similar for

other scales assessed from the EORTC-QLQ-C30.

Patient-reported outcomes and treatment with melflufen
plus dexamethasone

The mean baseline EQ VAS score was 61�4 in the overall

group and was slightly lower in the triple-class–refractory
subgroup at 59�8. The EQ VAS scores were generally consis-

tent throughout the course of treatment with melflufen plus

dexamethasone, with an LS mean change from baseline at

treatment cycle six of –0�4 in the overall group and 1�1 in

the triple-class–refractory subgroup (Fig 1A). The proportion

of patients in the overall group with impairments across EQ-

5D-3L dimensions of anxiety/depression, mobility, pain/dis-

comfort, self-care, and usual activities remained relatively

stable over time from baseline through treatment cycle eight

(Fig 1B). Worsening pain/discomfort and impairment with

usual activities were the most frequent across all treatment

cycles examined.

The baseline EORTC QLQ-C30 global health status/QoL

score in the triple-class–refractory subgroup was 56�7, slightly
lower than the overall group score of 58�6. The overall LS

mean changes from baseline in EORTC QLQ-C30 global

health status/QoL, emotional functioning, physical function-

ing, and fatigue scores were relatively stable in the overall

group and in the triple-class–refractory subgroup (Fig 2A).

Pain was also relatively stable across treatment in the overall

group and the triple-class–refractory subgroup. The MMRM

LS mean change from baseline results was comparable to the

univariate analyses by cycle. Overall, these data indicate that

PRO measures were stable over time in patients treated with

melflufen plus dexamethasone.

A closer examination of LS mean change from baseline of

the EORTC QLQ-C30 scales at cycle four was performed to

investigate the stability of PROs after patients had completed

several cycles of treatment. In the overall group and the

triple-class–refractory subgroup, LS mean change from base-

line scores across all scales were stable, and 95% CIs did not

exceed previously established minimal important difference

limits for MM (Fig 2B).17 The univariate analysis for change

from baseline at cycle four for patients who completed and

tolerated three treatment cycles revealed similar results.

The proportion of patients with meaningful improvements

in EORTC QLQ-C30 was assessed using two relevant mini-

mal important difference cut-offs of 5–10 points for a small

improvement22,26 and ≥10 points for a medium-to-large

improvement19,21 from baseline through cycle eight. In the

overall group, the total proportion of patients with improve-

ments, as assessed by both cut-offs, was relatively stable

across treatment cycles for each scale (Fig 3A). Among those

patients in the overall group who showed improvement, a

majority improved by ≥10 points in the global health status/

QoL scale in all treatment cycles, and by ≥10 points in the

emotional functioning scale in cycles four to eight. The

opposite trend was observed in the physical functioning

scale, with a greater proportion of patients improving by a

measure of 5–10 points in cycles four to eight (Fig 3A). The

Table I. Baseline characteristics of the patient reported outcome

group and overall HORIZON patient population.

Characteristics

Patient-reported

outcome group

(n = 64)

Overall

(N = 157)

Age, years, median (range) 67 (46–84) 65 (35–86)

Male sex, n (%) 33 (52) 89 (57)

Time since diagnosis

at study entry, years,

median (range)*

7�0 (0�7–17�1) 6�5 (0�7–24�6)

International Staging

System Stage I/II/III, %†

48/32/19 40/31/25

ECOG PS 0/1/2, % 27/63/11 25/59/16

Baseline albumin,

median (range), g/l‡

39 (19–47) 38 (19–52)

<35 g/l, n (%) 11 (17) 47 (30)

≥35 g/l, n (%) 53 (83) 110 (70)

High LDH (≥1�5 9 ULN)

at study entry, n (%)

6 (10) 24 (15)

High risk cytogenetics

at study entry, n (%)

23 (36) 59 (38)

Extramedullary disease

at study entry, n (%)

19 (30) 55 (35)

No. prior lines of therapy,

median (range)

5 (2–10) 5 (2–12)

Triple-class–refractory,

n (%)§

50 (78) 119 (76)

Refractory to prior

alkylators, n (%)

34 (53) 92 (59)

ECOG PS, Eastern Cooperative Oncology Group Performance Status;

LDH, lactate dehydrogenase; ULN, upper limit of normal.

*Time since initial diagnosis is calculated relative to first dose of

study drug.

†In the patient reported outcome group and the overall population,

two patients and six patients had unknown/missing International

Staging System stage, respectively.

‡Baseline laboratory values are defined as the most recent assessment

prior to administration of the first dose of study drug.

§Triple-class–refractory is defined as refractory or intolerant to one

or more proteasome inhibitor, one or more immunomodulatory

drug, and one or more anti-CD38 monoclonal antibody.
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trend in the magnitude of improvements in global health sta-

tus/QoL and emotional functioning scales in the triple-class–
refractory subgroup was similar to that observed in the over-

all population (Fig 3B).

Improvements in pain and fatigue across both the overall

group and the triple-class–refractory subgroup were only

detected at the medium to large cut-off of ≥10 points.

Improvements in pain and fatigue were observed across

nearly all treatment cycles; however, there were few patients

with these improvements in the triple-class–refractory sub-

group at cycle eight (Fig 3B). Together, these findings indi-

cate that in patients who experienced improvements in

PROs, these improvements were clinically meaningful over

multiple cycles of treatment.

Time until definite deterioration analysis for EORTC
QLQ-C30 scales of focus

A time until definite deterioration analysis was performed to

assess the time until definite deterioration in score using

EORTC global health status/QoL and pain scales as measures

(Fig 4). For global health status/QoL, patients who achieved

a ≥MR had a median time until definite deterioration of

13�8 months compared with 2�9 months in patients who did

not achieve an MR (Fig 4A). A similar trend was observed

for the pain scale, with patients achieving a ≥MR having a

median time until definite deterioration of 13�8 months

compared with 3�1 months for patients who did not achieve

an MR (Fig 4B). Similar results were observed for other

EORTC QLQ-C30 scales of focus and when evaluating

patients who achieved a ≥PR compared with those who did

not (Figure S1A, B; Table SII). When patients who did not

achieve a ≥MR were separated into those with PD or SD/not

evaluable, the median time until definite deterioration for

global health status/QoL and pain were similar, but slightly

worse for those with PD compared with SD/not evaluable

(Figure S1C, D).

Discussion

Relapsed/refractory multiple myeloma is a late-stage disease

often associated with advanced patient age, frailty and an

increased likelihood of comorbidities.27 Patients with RRMM

in HORIZON had similar baseline HRQoL as in other stud-

ies in RRMM,18,26,28–32 with a mean baseline EQ VAS score

of 61�4 in HORIZON, compared with 63�1 and 57�6 reported

in USA28 and European Union + Russia29 daratumumab

early access programme analyses, respectively. Patients with

RRMM in HORIZON had poor baseline HRQoL relative to

other advanced cancers, including cancers of the bladder,

brain, breast, colon/rectum, head/neck, hepatobiliary

tract/pancreas, kidney, lung, lymphoma, ovary or prostate,

for which mean EQ VAS scores ranged from 61�8 to 72�0.33
In addition to having the highest percentage of patients

(79%) reporting pain/discomfort compared with other cancer

types, 51% of patients in HORIZON reported mobility

impairment; second only to those with prostate cancer

(58%).33 The finding that patients in HORIZON are repre-

sentative of broader RRMM populations is supportive of the

utility of the analyses in the present study, and the finding

that RRMM has similar, and potentially higher, disease bur-

den relative to other advanced cancers further supports the

unmet needs for HRQoL and symptom management in

patients with RRMM.
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interval; EQ-5D-3L, EuroQol five Dimensions-three Levels. [Colour figure can be viewed at wileyonlinelibrary.com]
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Questionnaire-Core 30; LS, least squares; QoL, quality of life.
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Fig 3. Proportion of patients with meaningful improvements from baseline in EORTC QLQ-C30 scales across treatment cycles. Proportion of

patients with improvements in EORTC QLQ-C30 scales, assessed by minimal clinically important differences of 5–10 points (grey) or ≥10 points

(black) in (A) the overall group and (B) the triple-class–refractory subgroup. EORTC QLQ-C30, European Organisation for Research and Treat-

ment of Cancer Quality of Life Questionnaire-Core 30; QoL, quality of life.
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In HORIZON, the proportion of patients in the overall

group with EQ-5D-3L impairments, the change from baseline

in EORTC QLQ-C30 function and symptom scales, and the

percentage of patients with some improvement in EORTC

QLQ-C30 function and symptom scales were generally stable

across treatment cycles. Previous examinations of improve-

ments in EORTC QLQ-C30 function and symptom scales

have typically used one of two accepted cut-offs, at ≥5 or

≥10 points of improvement from baseline.20–22,26 Our analy-

ses reveal that although patient improvements in later cycles

may be smaller in magnitude (5–10 points), these improve-

ments are still clinically meaningful. In addition, time until

definite deterioration analyses indicate that PRO deteriora-

tion is delayed for a substantial amount of time in patients

with RRMM who experience a response to melflufen plus

dexamethasone treatment.

Patient-reported outcome data in the literature are limited

for patients with triple-class–refractory disease in RRMM.

Our present findings that patients with RRMM and triple-

class–refractory disease have slightly worse baseline PRO

measures than the overall group are not surprising, given

that this population has particularly poor prognoses among

patients with RRMM,34,35 representing an area of high unmet

therapeutic need. Despite these prognoses, patients with

triple-class–refractory disease in HORIZON displayed rela-

tively stable PRO measures over time. Our present finding

that melflufen plus dexamethasone treatment can sustain

HRQoL in this subgroup is encouraging and warrants further

investigation in a larger population.

The present study has several limitations. Because PRO

assessments were added as an addendum to protocol version

5, the populations in these analyses were relatively small.

Given that 85% of all patients in HORIZON received study

medication at cycle two, but 48% received study medication

at cycle four, the subset included in the PRO analyses is

inherently biased towards patients with better outcomes.

Lastly, only patients with a baseline and a post-baseline PRO

assessment were included, given that analyses focussed on

changes in PRO scores from baseline.

Collectively, these findings support the notion that treat-

ment with melflufen plus dexamethasone may sustain or

improve HRQoL over time in patients with RRMM, despite

the high disease burden of this patient population as well as

the associated morbidity and should help augment the suc-

cessful translation of the clinical benefit seen in those

patients participating in the HORIZON trial across to real-

world practice.36
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Fig S1. Time until definite deterioration analysis of

patients who achieved a response versus those who did not

achieve an MR or PR. Time until definite deterioration for
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pain scale. Time until definite deterioration for patients who

achieved an ≥MR (black) versus non-responders, with
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