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This descriptive, cross-sectional analysis evaluated the impact of baseline

characteristics on health-related quality of life (HR-QoL) at different stages

of multiple myeloma (MM). The bortezomib clinical-trial programme

evaluated HR-QoL early and consistently, producing a large multi-study

dataset. Baseline data, captured using the European Organization for

Research and Treatment of Cancer (EORTC) quality-of-life questionnaire

(QLQ-C30), were pooled from six bortezomib randomized trials conducted

in different disease-stage categories: ‘New’ (previously untreated; n = 753),

‘Early’ (1–3 prior therapies; n = 1569) and ‘Late’ (≥4 prior therapies;

n = 239) disease. Mean EORTC global health scores were similar across the

three stages. Unexpectedly, emotional, physical and role functioning were

higher in the later stages, indicating better perceived health. Symptom

scores, including pain, were largely similar or lower in the later versus earlier

stages, signifying a lower symptom burden/better symptom control with

more advanced disease. Notable variation in HR-QoL was observed by age

and clinical parameters within and across stages. Multivariate modelling

indicated that opioid use and performance status were key factors driving

overall HR-QoL across stages. Using an age-restricted analysis, transplant

eligibility had little impact on HR-QoL in New disease patients. Thus,

changes in HR-QoL over the treatment course of MM are complex and

impacted by baseline factors. A prospective observational international

inception cohort study that captures key clinical, HR-QoL and demographic

characteristics, along with safety and supportive care information, is needed.

Keywords: multiple myeloma, quality of life, EORTC QLQ-C30, disease

stages, integrated analysis.

Substantial advances in treatment options for multiple mye-

loma (MM) over recent years have led to improvements in

patient survival (Engelhardt et al, 2014; Kumar et al, 2014;

Liwing et al, 2014; Ludwig et al, 2014). Nevertheless, MM

remains a generally incurable disease and patients often live

with pronounced symptoms due to bone involvement and

fractures, recurrent bacterial infections, impaired renal func-

tion and anaemia (Gulbrandsen et al, 2004). With the pro-

spect of premature mortality and on-going complications,

optimizing health-related quality of life (HR-QoL) over the

disease course becomes an important treatment goal (Sonn-

eveld et al, 2013; Kvam & Waage, 2015).

At diagnosis and during treatment, many patients with

MM report pain and fatigue, reduced functional capabilities

and impaired overall HR-QoL, compared with age- and gen-

der-matched controls (Gulbrandsen et al, 2004; Wagner et al,

2012; Baz et al, 2015). The extent of HR-QoL impairment

may vary depending on disease-related factors, including

stage and extent of bone involvement and organ impairment,

as well as patient-related factors, such as age and comorbidi-

ties. MM treatments, while potentially improving patients’

symptoms, can also result in side effects/toxicities that may

negatively impact patients’ HR-QoL.

Increasingly, HR-QoL analyses are being included in clinical

trials to assess how HR-QoL is affected by a course of treat-

ment (Osborne et al, 2012; Sonneveld et al, 2013; Maes & Del-

forge, 2015). In MM, a number of recent randomized phase II

(Ludwig et al, 2013) and phase III/IIIb (Delforge et al, 2012;

Hjorth et al, 2012; Dimopoulos et al, 2013, 2014; Stewart et al,

2013; Niesvizky et al, 2015; Song et al, 2015) trials of borte-
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zomib- and immunomodulatory drug-based therapies have

measured the impact of treatment on patient-reported

HR-QoL. Validated instruments commonly used in this setting

include the European Organization for the Research and

Treatment of Cancer (EORTC) Quality-of-Life Questionnaire

(QLQ)-C30 (Aaronson et al, 1993; Osborne et al, 2012), the

Functional Assessment of Cancer Therapy (FACT) series of

questionnaires (Cella, 1997; Calhoun et al, 2003) and the

EuroQoL five dimensions (EQ-5D) questionnaire (formerly

the EuroQoL questionnaire) [EuroQoL Group, 1990; Brooks,

1996; http://www.euroqol.org/eq-5d-products/eq-5d-3l.html

(Accessed March 2016)]. Although HR-QoL analyses are

becoming increasingly important in clinical trial evaluations in

MM (Sonneveld et al, 2013), much remains to be understood

about the extent and type of HR-QoL impairment across the

disease and treatment course: from diagnosis and initial ther-

apy to advanced disease following receipt of multiple therapies

(Osborne et al, 2012). Indeed, to our knowledge, there have

been no longitudinal, observational cohort studies in MM that

have investigated changes in patient-reported HR-QoL over the

disease course, spanning multiple therapeutic interventions.

The efficacy and safety of the proteasome inhibitor borte-

zomib has been studied in numerous prospective clinical trials

in MM involving both previously untreated patients and those

with relapsed and/or refractory disease. From early phase II trials

onward, the bortezomib clinical trial programme has consis-

tently incorporated a standard set of HR-QoL assessments

(Richardson et al, 2003, 2005; Orlowski et al, 2007, 2015; San

Miguel et al, 2008; Ludwig et al, 2013). Integration and analy-

sis of these large datasets therefore provides a unique opportu-

nity to study changes in baseline HR-QoL patterns throughout

the MM treatment course in the era of novel agents. As autolo-

gous stem cell transplantation (ASCT) remains a standard

frontline treatment for MM in eligible patients, (Engelhardt

et al, 2014) integrating these datasets also allows for a compar-

ison of baseline EORTC QLQ-C30 scores among newly diag-

nosed patients based on their transplant eligibility status, a

parameter closely related to age and co-morbidity.

Here, we report results from an integrated, descriptive,

cross-sectional analysis of baseline HR-QoL data from a large

number of patients at distinct stages of the MM disease and

treatment pathway. The goals of this research were to: (i)

explore the association between baseline demographic/clinical

factors and HR-QoL scores in patients at different points in

the MM treatment pathway, (ii) identify fixed and modifiable

factors that could affect HR-QoL at these stages, (iii) place

future HR-QoL data into a broader context, and (iv) provide

parameter estimates for cost-utility analyses.

Methods

Study dataset

This was an integrated analysis of baseline patient-level data

from six clinical studies of bortezomib in patients with

previously untreated or relapsed and/or refractory MM. The

six studies selected were all company-sponsored, registration-

oriented trials, published between 2003 and 2015, which had

consistent HR-QoL evaluations as an endpoint. All studies

were supported by Millennium Pharmaceuticals, Inc. and

Janssen Research & Development. A summary of key inclu-

sion/exclusion criteria for the six studies is shown in

Table SI. For the purpose of this analysis, patients were

grouped by disease stage as follows: ‘New disease’, defined as

previously untreated patients; ‘Early disease’, defined as

patients who had received 1–3 prior therapies; and ‘Late dis-

ease’, defined as patients who had received ≥4 prior

therapies.

The New disease group included both transplant-eligible

and transplant-ineligible patients from the VISTA and MMY-

2043 studies. VISTA (NCT00111319) was a randomized

phase III study of melphalan and prednisone versus borte-

zomib, melphalan and prednisone in 682 previously

untreated, elderly MM patients ineligible for ASCT (median

age 71 years [range, 48–91]) (San Miguel et al, 2008). MMY-

2043 (NCT00531453) was a randomized phase II study of

bortezomib, thalidomide and dexamethasone � cyclophos-

phamide in 98 previously untreated, transplant-eligible MM

patients (median age 57�5 years [range, 18–70]) (Ludwig

et al, 2013).

The Early disease group included patients from the APEX,

DOXIL-MMY-3001 and T06 studies. APEX (NCT00048230)

was a randomized phase III study of bortezomib versus high-

dose dexamethasone in 669 patients with relapsed MM (me-

dian age 61 years [range, 47–74]) who had received 1–3
prior therapies (Richardson et al, 2005). DOXIL-MMY-3001

(NCT00103506) was a randomized phase III study of pegy-

lated liposomal doxorubicin and bortezomib versus borte-

zomib alone in 646 patients with relapsed/refractory MM

(Orlowski et al, 2007); in this study, patients had a median

age of 61 years (range, 28–88) and 66% had received ≥2
prior therapies. T06 (NCT00401843) was a randomized phase

II study of bortezomib plus siltuximab (CNTO 328; an anti-

interleukin-6 monoclonal antibody) versus bortezomib plus

placebo in 307 patients with relapsed/refractory MM who

had received 1–3 prior therapies [median age 64/61 years

(range, 36–82)] (Orlowski et al, 2015).

The Late disease group included patients from the SUM-

MIT and APEX trials. SUMMIT was a non-randomized,

phase II study of bortezomib in 202 patients with relapsed/

refractory MM (Richardson et al, 2003), who had a mean

age of 60 years (range, 34–84) and had received a median

of 6 (range, 2–15) prior therapies. While the APEX study

criteria specified patients with relapsed MM who had

received 1–3 prior therapies (Richardson et al, 2005), 37

patients had received >3 prior therapies; these 37 patients

were included in the Late disease group in the present

analysis.

All six trials were conducted in accordance with the

Declaration of Helsinki and International Conference on
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Harmonization Good Clinical Practice guidelines, and all

patients provided written informed consent for participation.

Assessment of patient-reported HR-QoL

Patients with available baseline HR-QoL data were selected

for analysis. The EORTC QLQ-C30 core instrument version

3.0 was incorporated in all of the above clinical trials. This

instrument is a 30-item questionnaire divided into 14

domains and a global health status/QoL scale (Aaronson

et al, 1993). The domains include five functional domains

(physical, role, emotional, social and cognitive), eight symp-

tom-related domains (appetite loss, constipation, diarrhoea,

dyspnoea, fatigue, insomnia, nausea and vomiting, and pain)

and one domain related to financial difficulties. Scores for

each domain range from 0 to 100. For the global health and

functional domains, higher scores represent better HR-QoL,

signifying better overall health and functioning, whereas for

the symptom domains, lower scores represent better HR-

QoL, or less severe symptoms. Data from the financial diffi-

culties domain are not presented in this analysis.

In the present analysis, baseline HR-QoL values were

defined as EORTC QLQ-C30 scores obtained on the first day

of the first treatment cycle, i.e. the first dosing day. If base-

line data were not available, data from the screening visit

were used. Physician-assessed performance status was stan-

dardized on the Eastern Cooperative Oncology Group

(ECOG) scale with Karnofsky Performance Status (KPS)

mapped to ECOG performance status values as follows:

ECOG 0 = KPS 100; ECOG 1 = KPS 80–90; ECOG 2 = KPS

60–70; and ECOG 3 = KPS <60 (Ma et al, 2010).

Statistical analyses

Data were summarized descriptively. Mean EORTC QLQ-

C30 global health status scores across age- and disease-stage

groups in the present study were compared with the EORTC

normal value for the general adult population (n = 7802)

(Scott et al, 2008). Previous studies have demonstrated that a

6-point difference in EORTC QLQ-C30 score was estimated

to be a clinically meaningful improvement in HR-QoL for

patients with MM (Fayers & Bottomley, 2002; Kvam et al,

2010a,b; Jordan et al, 2013); by extension, this value was

applied in the present study as a basis for the comparison of

differences in mean EORTC QLQ-30 scores between groups.

The two studies of previously untreated MM patients

included in this analysis (VISTA and MMY-2043) enrolled

patient populations with differing eligibility for ASCT: trans-

plant-ineligible (VISTA) and transplant-eligible (MMY-2043).

As ASCT is a standard frontline treatment for MM in eligible

patients (Ludwig et al, 2014), HR-QoL was assessed accord-

ing to transplant eligibility in New disease patients using an

age-restrictive method to ensure comparability. Those trans-

plantation-ineligible patients from VISTA whose age was out-

side the range of the transplant-eligible patients enrolled in

MMY-2043 (48–69 years; age-restricted analysis approach)

were removed from the analysis. Clinical characteristics were

then compared across the two patient populations to test for

selection effects.

Data on patient demographics, disease characteristics and

treatments that were hypothesized to be associated with

patients’ HR-QoL were obtained: age, albumin levels, analge-

sia use, anaemia treatment, bone lesions, calcium levels, crea-

tinine clearance, ECOG performance status, gender,

geographic region, haemoglobin levels, International Staging

System (ISS) disease stage, myeloma isotype and opioid use.

To evaluate the association between these characteristics or

clinical measures and HR-QoL, data for all EORTC QLQ-

C30 domains were analysed in patient subgroups defined by

baseline characteristics as well as within and across all disease

stages. Parametric P-values for univariate subgroup compar-

isons were determined using a t-test when comparing scores

between two groups or an ANOVA when comparing scores

between three groups or more. Multivariate linear regressions

were also performed to determine the independent contribu-

tion of the different baseline characteristics in order to iden-

tify the key drivers of overall HR-QoL within each disease

stage. For the creation of the multivariate models, variables

with a P-value of <0�2 in univariate models were included in

a backward selection process retaining only variables with P-

values of <0�05.
Given the large number of comparisons in this analysis,

type I error risk was inflated and a false discovery rate (FDR)

approach was applied (Benjamini & Hochberg, 1995). This

approach aims to control for the FDR: i.e. the expected pro-

portion of type I errors among the rejected hypotheses,

instead of the family-wise error rate (FWER). The FDR

approach is less conservative than FWER approaches and is

particularly appropriate for exploratory analyses, such as

those presented in this analysis. In practice, q-values – the

equivalent of P-values in the FDR approach – were com-

puted for each comparison and are reported here. All statisti-

cal analyses were conducted using SAS version 9.2 (SAS

Institute, Cary, NC, USA).

Results

Patients

Baseline HR-QoL data were available for 2561 patients

enrolled in all study arms, whether they contained borte-

zomib or not, across the six clinical trials (Tables SI and SII).

The Late disease group included an additional non-baseline

time point for one patient in the SUMMIT trial, which could

not be excluded from the analysis. Table SII shows the num-

ber of patients by disease stage derived from each of the

studies.

Patient demographics and baseline characteristics by dis-

ease stage are summarized in Table I. Patients were predomi-

nantly White and most had an ECOG performance status of 1

D. Robinson et al
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Table I. Patient demographics and baseline disease characteristics by disease stage.

New disease (n = 753) Early disease (n = 1569) Late disease (n = 239)¶

Median age, years (range) 70 (33–91) 62 (27–88) 59 (32–84)

<65 years, n (%) 112 (15) 958 (61) 153 (64)

65–75 years, n (%) 485 (64) 498 (32) 77 (32)

>75 years, n (%) 156 (21) 113 (7) 10 (4)

Male, n (%) 374 (50) 884 (56) 143 (60)

Ethnicity, n (%)

White 674 (90) 1413 (90) 200 (83)

Black 10 (1) 87 (6) 22 (9)

Latino/Hispanic 1 (<1) 12 (<1) 2 (<1)

Asian/Pacific 67 (9) 28 (2) 6 (3)

Other/Missing 1 (<1) 29 (2) 10 (4)

Geographical location, n (%)*

North America 56 (7) 389 (25) 216 (90)

Latin America 14 (2) 25 (2) 0

Europe 607 (81) 1061 (68) 24 (10)

Asia 66 (9) 5 (<1) 0

Other 10 (1) 89 (6) 0

ISS disease stage at baseline, n (%)†

I 147 (20) 556 (35) 66 (28)

II 355 (47) 531 (34) 93 (39)

III 251 (33) 442 (28) 64 (27)

Missing 0 40 (3) 17 (7)

Performance status (ECOG) at baseline, n (%)†

0 100 (13) 514 (33) 20 (8)

1 392 (52) 884 (56) 167 (70)

2 258 (34) 143 (9) 46 (19)

≥3 2 (<1) 3 (<1) 0

Missing 1 (<1) 25 (2) 7 (3)

Median time since diagnosis, years (range) 0�1 (0–11�2) 3�0 (0�2–24�9) 3�9 (0�6–18�5)
Myeloma isotype, n (%)

IgA 189 (25) 375 (24) 58 (24)

IgG 473 (63) 968 (62) 140 (58)

IgM 4 (1) 6 (<1) 1 (<1)

IgD or IgE 9 (1) 19 (1) 3 (1)

Missing 78 (10) 201 (13) 38 (16)

Prior ASCT, n (%)‡ 0 246 (16) 96 (40)

Creatinine clearance rate, ml/s†

Median (range) 1�0 (0�2–3�0) 1�2 (0�2–9�5) 1�2 (0�2–3�7)
<0�5, n (%) 34 (5) 42 (3) 9 (4)

0�5–1�0, n (%) 331 (44) 420 (27) 63 (26)

>1�0, n (%) 388 (52) 1087 (69) 166 (69)

Missing, n (%) 0 20 (1) 2 (1)

Haemoglobin levels at baseline, g/l

Median (range) 105 (64–165) 110 (59–174) 103 (54–146)

Comorbidities at baseline, n (%)§

Cardiovascular 518 (69) 888 (57) 114 (48)

Endocrine 284 (38) 572 (37) 69 (29)

Gastrointestinal 379 (50) 765 (49) 133 (55)

Genitourinary 294 (39) 614 (39) 118 (49)

Haematological 286 (38) 633 (40) 61 (25)

Analgesic use at baseline, n (%)

Patients receiving analgesics at baseline 378 (50) 548 (35) 120 (50)

Non-opioid‡,§ 235 (62) 219 (40) 37 (31)

Weak opioid‡,§ 145 (38) 192 (35) 48 (40)

Strong opioid‡,§ 143 (38) 260 (47) 53 (44)
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in all three disease stages. As a result of the locations of trial

execution, the majority of patients in the New and Early dis-

ease stage groups were from Europe, whereas most patients

in the Late disease stage group were from North America.

The median time from diagnosis was 0�1, 3�0 and 3�9 years,

respectively. Gender and disease characteristics, including ISS

stage, myeloma isotype and baseline haemoglobin levels, were

comparable across the disease stages.

The most notable disparity between the disease stage

groups was the pronounced difference in age, due to varia-

tions in patient characteristics between the contributing stud-

ies. In the New, Early and Late disease stages, respectively,

median age was 70, 62 and 59 years, with 85%, 39% and

36% of patients aged ≥65 years. A higher proportion of

patients in the New disease stage had baseline creatinine

clearance <1�0 ml/s compared with patients in the Early or

Late disease stages. In the Late disease group, the proportion

of patients with baseline cardiovascular comorbidities was

lower versus the New and Early disease groups; similarly, the

proportion of patients with endocrine or haematological

comorbidities was lower in the Late disease group. Overall

analgesic use at baseline was similar between the New and

Late disease groups, with lowest usage seen in patients with

Early disease. Of these, use of non-opioids at baseline was

highest in patients with New disease and lowest in those with

Late stage disease, while weak opioid use was similar among

the disease stages. Strong opioid use was recorded more fre-

quently in Early and Late disease versus New disease.

Comparison of baseline HR-QoL scores by age and
disease stage

As patient age is one of the factors that may influence the

extent of HR-QoL impairment in patients with MM (Dimo-

poulos et al, 2014), a comparative analysis of HR-QoL across

different MM disease stages in this study would have been

biased due to the aforementioned marked difference in med-

ian patient age across the disease stages. In addition,

age-matched reference values for the general adult population

were not available. We therefore compared baseline EORTC

QLQ-C30 scores (global health status and individual func-

tioning and symptom domain scores) in patients grouped by

age (<65 vs. 65–75 vs. >75 years) within each disease stage

(Table II and Fig S1). As only 10 patients in the Late disease

group were aged >75 years, this subset was excluded from

analysis.

In patients aged <65 years, mean EORTC QLQ-C30 glo-

bal health status scores appeared similar between patients

at different stages of disease (Table II). In general, mean

functional domain scores tended to be higher (i.e. better)

in the later disease stages; notably, emotional functioning

in Late disease was ≥6 points higher than in New disease.

One exception was social functioning, which was ≥6 points

higher in New versus Late disease. Higher (i.e. worse)

insomnia and borderline lower (i.e. better) pain scores at

the ≥6-point level were observed in Late versus New

disease.

In patients aged 65–75 years, mean EORTC QLQ-C30

global health status scores were 6�1 points higher (i.e. bet-

ter) in Early versus New disease. As in patients aged

<65 years, most function domain scores tended to be

higher at the later disease stages: mean emotional, physical

and role function scores were all ≥6 points higher (i.e.

better) in Late versus New disease. In contrast, mean social

functioning scores were ≥6 points higher (i.e. better) in

Early versus New and Late disease; the latter two sub-

groups having virtually the same scores. Of interest, mean

symptom scores for constipation, insomnia and pain were

all ≥6 points lower (i.e. better) in Early or Late disease

compared with New disease.

In the oldest subgroup of patients (aged >75 years), mean

EORTC QLQ-C30 global health status scores, and physical

and role functioning scores were ≥6 points higher (i.e. better)

in Early versus New disease. Likewise, mean pain and insom-

nia symptom scores were ≥6 points lower (i.e. better) in

Early versus New disease.

Table I. (Continued)

New disease (n = 753) Early disease (n = 1569) Late disease (n = 239)¶

GABA analogues‡,§ 1 (<1) 0 0

Anaemia treatments at baseline, n (%) 135 (18) 219 (14) 98 (41)

ESA use 85 (11) 186 (12) 93 (39)

ASCT, autologous stem cell transplant; ECOG, Eastern Cooperative Oncology Group; ESA, erythropoiesis-stimulating agents; GABA, gamma-ami-

nobutyric analogues; ISS, International Staging System.

*Differences in geographical distribution between groups were associated with the different areas in which the respective studies were conducted.

For example, patients in the New disease group were mostly derived from the VISTA study, which was conducted predominantly in Europe,

whereas patients in the Late disease group were predominantly derived from the SUMMIT study, which was conducted solely in North America.

†Patients with missing data are included all percentage calculations.

‡Percentages calculated using the number of patients who received the relevant treatment type as the denominator.

§Categories are not mutually exclusive.

¶The Late disease group included an additional non-baseline time point for n = 1 patient in the SUMMIT trial, which could not be excluded

from the analysis. Thus, the Late disease group includes 239 patients but data values are based on a denominator of 240.
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In the New and Early disease groups, there was a trend for

higher (i.e. better) mean EORTC QLQ-C30 global health sta-

tus scores in younger patients (<65 vs. 65–75 vs. >75 years).

This difference reached the ≥6-point threshold in the New dis-

ease group when comparing patients aged <65 years with those

aged >75 years. The more limited comparison of global health

status scores in the Late disease group revealed little difference

between patients aged <65 and >75 years (Table II). As with

the global health status scale, mean scores for cognitive and

physical functioning met the ≥6-point threshold for a mean-

ingful difference, as did the individual mean scores for appe-

tite, constipation and insomnia, when younger patients were

compared with older patients within the disease stages,

although the age subset comparisons meeting the threshold

varied by scale: sometimes <65 versus 65–75 years; other times

<65 versus >75 years. Paradoxically, in the Late disease group,

mean scores for insomnia and pain were ≥6 points lower (i.e.

better) in patients aged 65–75 years compared with those aged

<65 years.

Although EORTC QLQ-C30 global health status scores

were no worse in the later stages of disease versus New dis-

ease, the mean normative global health status score for the

general adult population was ≥6 points higher (i.e. better)

than the mean scores seen across all MM age and disease

stage categories (Fig 1).

Univariate and multivariate analysis of baseline HR-
QoL scores by clinical measures in the overall study
population

Statistically significant differences in mean scores for EORTC

QLQ-C30 global health status, plus the majority of individual

EORTC QLQ-C30 functioning and symptom domains, were

observed between subgroups for all baseline characteristics

and clinical measures tested, with the exception of myeloma

isotype (Table III). Most of these differences were estimated

to be clinically relevant (except for myeloma isotype) when

comparisons were made between the larger sample sizes and

gender. Scores for diarrhoea and insomnia, in particular,

were generally not significantly different between subgroups.

A general trend for higher (i.e. better) EORTC QLQ-C30

global health status and functioning scores, and lower (i.e.

better) EORTC QLQ-C30 symptom scores at baseline was

observed for patients with the following: younger age; male

gender; no anaemia or analgesia treatment; fewer bone

lesions; higher creatinine clearance; higher haemoglobin

levels; less advanced ISS disease stage; lower ECOG perfor-

mance status score; higher albumin levels; and lower calcium

levels (Table III and data not shown).

In multivariate analysis, analgesia use and ECOG perfor-

mance status were common factors driving overall HR-QoL

Table II. Mean (SD) EORTC QLQ-C30 scores at baseline by age and disease stage.

Mean score (SD)

New disease Early disease Late disease*†

<65 years

(n = 112)

65–75 years

(n = 485)

>75 years

(n = 156)

<65 years

(n = 958)

65–75 years

(n = 498)

>75 years

(n = 113)

<65 years

(n = 153)

65–75 years

(n = 77)

EORTC QLQ-C30 scores

Global health status 55�2 (23�0) 50�6 (21�7) 48�3 (21�2) 58�8 (22�2) 56�7 (22�3) 55�4 (24�3) 56�1 (24�1) 55�9 (21�3)
Functional domain scores

Cognitive functioning 81�7 (24�4) 76�6 (23�2) 75�5 (22�9) 82�1 (21�8) 81�7 (21�8) 72�3 (26�9) 82�4 (18�2) 78�0 (22�3)
Emotional functioning 67�6 (25�6) 70�3 (24�1) 71�1 (24�9) 74�5 (22�4) 74�5 (22�2) 73�4 (23�3) 76�8 (19�1) 78�8 (21�5)
Physical functioning 65�9 (26�5) 61�0 (26�8) 57�7 (26�6) 70�8 (22�8) 67�4 (23�1) 65�0 (23�2) 70�3 (23�4) 69�0 (21�8)
Role functioning 54�1 (33�9) 54�7 (35�1) 53�2 (32�7) 64�7 (30�9) 64�5 (30�7) 66�7 (30�3) 61�9 (32�6) 68�7 (31�6)
Social functioning 69�0 (30�9) 66�2 (32�4) 70�2 (28�8) 71�3 (28�7) 73�8 (28�5) 75�1 (26�7) 62�8 (30�8) 64�6 (28�9)

Symptom domain scores

Appetite loss 20�8 (28�3) 25�0 (30�6) 28�0 (32�9) 16�5 (25�0) 20�3 (30�2) 25�9 (30�9) 21�1 (27�0) 21�8 (30�7)
Constipation 20�2 (26�5) 25�0 (32�3) 27�1 (30�6) 15�6 (25�8) 19�6 (28�5) 25�1 (31�8) 17�0 (24�4) 18�8 (27�4)
Diarrhoea 6�7 (16�2) 6�3 (16�8) 6�3 (16�1) 7�8 (17�0) 8�5 (18�3) 7�3 (18�1) 9�3 (18�8) 11�4 (19�6)
Dyspnoea 21�6 (27�5) 23�9 (29�5) 25�7 (30�3) 19�7 (25�3) 23�9 (29�2) 21�4 (29�8) 21�7 (28�8) 21�8 (28�1)
Fatigue 43�1 (27�9) 45�0 (26�4) 48�7 (26�6) 38�2 (25�4) 39�6 (25�9) 43�1 (27�6) 45�0 (25�9) 40�6 (23�9)
Insomnia 25�4 (27�9) 30�4 (29�8) 35�3 (34�9) 30�7 (31�4) 24�4 (28�8) 29�1 (33�6) 35�3 (31�9) 22�2 (29�6)
Nausea and vomiting 7�0 (18�3) 9�3 (19�2) 8�7 (19�5) 7�0 (14�7) 7�6 (17�4) 5�7 (11�8) 7�3 (17�0) 5�8 (11�9)
Pain 43�7 (33�0) 45�6 (32�3) 42�4 (30�7) 38�6 (31�0) 35�3 (29�4) 36�4 (31�3) 37�9 (31�1) 31�3 (29�6)

Higher scores for EORTC QLQ-C30 global health status and EORTC QLQ-C30 functional domains indicate better overall HR-QoL. Lower

EORTC QLQ-C30 symptom domain scores indicate better HR-QoL. Scores highlighted in bold indicate a ≥6 point difference between age sub-

groups within a specific disease stage group.

SD, standard deviation.

*As there were only 10 patients aged >75 years in the Late disease group, this subgroup of patients was omitted from the analysis.

†The Late disease group included an additional non-baseline time point for n = 1 patient in the SUMMIT trial, which could not be excluded

from the analysis.
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within each disease stage group (Table IV). In the New dis-

ease group, albumin ≥35 g/l, creatinine clearance ≥1�0 ml/s,

ECOG performance status 0, geographic region and no

strong opioid use were all significantly (P ≤0�05) associated

with better EORTC QLQ-C30 global health status. In the

Early disease group, ISS stage I and ECOG performance sta-

tus 0/1 were significantly associated with better EORTC

QLQ-C30 global health status, while European region and

either weak or strong opioid use were significantly associated

with poorer overall health status. Finally, in the Late disease

group, the presence of bone lesions, ECOG performance sta-

tus 0/1 and no non-opioid use were significantly associated

with better EORTC QLQ-C30 global health status.

Baseline HR-QoL scores by transplant eligibility status in
the New disease stage

Overall, there was a good balance of baseline characteristics

between transplant-eligible and transplant-ineligible patients

in the New disease stage, although there was still a difference

of 8 years in the median age between the two groups

[59 years (range, 48–68)] vs. [67 years (range, 48–69)]
(Table SIII).

Despite this age difference, mean EORTC QLQ-C30 global

health status scores appeared similar between transplant-eligi-

ble and -ineligible patients in the New disease stage

(Table V). The same held true for all other QLQ-C30 scales,

none of which exceeded the ≥6-point threshold for a clini-

cally meaningful difference.

Discussion

To the best of our knowledge, this report is one of the lar-

gest examinations of HR-QoL in patients with MM across

different disease stages to date. These results indicate that the

observed differences in HR-QoL over the MM disease course

are complex – with some appearing counter-intuitive – and

are influenced by demographic factors, particularly age, as

well as clinical parameters. Our findings also show that eligi-

bility for ASCT had little association with HR-QoL among

New disease patients after adjusting for age.

This analysis showed that, when comparing HR-QoL

scores for common age groups across the three disease stages,

overall health status was not worse, with a trend towards bet-

ter global health status in relapsed disease (both the Early

and Late disease groups) when compared with the New dis-

ease group. Emotional, physical and role functioning also

appeared to be better in the later versus earlier disease stages,

while cognitive function was mainly similar. In general,

symptom scores were similar or better in relapsed disease.

These findings support the hypothesis that, for relapsed

patients, symptoms are better controlled than for newly diag-

nosed patients. Of interest, a trend for higher pain scores in

New versus relapsed disease (Early and Late disease groups)

was observed, suggesting that pain is either less well con-

trolled in New disease or that patients have not developed

strategies to cope with that pain. Also, patients with New

stage disease tended to have more fatigue and greater loss of

appetite compared with Early stage disease. A possible expla-

nation for these observations is ‘response shift’ or ‘adapta-

tion’, a phenomenon whereby patients adjust to their HR-

QoL limitations or shift their expectations as their experience

with a health condition deepens over time (Schwartz et al,

1999; Kvam et al, 2010b; Ubel et al, 2010).

Contrary to our expectations at the onset of this research,

these results suggest that HR-QoL does not necessarily wor-

sen with every relapse or as a result of substantial prior treat-

ment, at least in patients who remain eligible for

participation in clinical trials. A number of factors may have

influenced this observation: differing selection criteria for the

trials included in this analysis according to when the studies

were conducted (see Table SI); the different availability of

prior/subsequent therapies over time; and improvements in

supportive care. In addition, trials of treatments for New

Fig 1. Mean EORTC QLQ-C30 global health

status scores for the EORTC general adult pop-

ulation and for the present MM study popula-

tion by disease stage* and age category†.

*The Late disease group included an additional

non-baseline time point for n = 1 patient in

the SUMMIT trial, which could not be

excluded from the analysis. †Due to there being

only 10 patients aged >75 years in the Late dis-

ease group, this subgroup of patients was omit-

ted. Error bars represent the standard deviation

from the mean.
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disease included all types of patients, whereas in progressively

later disease stages, those patients who died or who did

poorly with treatments would not be included, thereby ‘hard-

ier’ patients who have derived benefit from, and were able to

tolerate, multiple lines of therapy are selected. This sug-

gestion is reinforced by the lower proportion of baseline

cardiovascular, endocrine and haematological comorbidities

in the Late versus Early disease stage groups.

Despite these limitations, these findings may reflect a true

observation, in that patients in the later stages of MM may

be better able to cope with their disease versus those who

have been newly diagnosed, are more adapted to their disease

Table III. Univariate comparison of (A) EORTC QLQ-C30 global health status and functioning scores and (B) EORTC QLQ-C30 symptom

scores for patients grouped by baseline characteristics and clinical measures.

(A)

Clinical measure

EORTC QLQ-C30 scores, mean (SD)

Global health

status

Functional domain scores

Cognitive

functioning

Emotional

functioning

Physical

functioning

Role

functioning

Social

functioning

Age, years

<65 (n = 1223) 58�1 (22�6) 82�1 (21�7) 74�1 (22�4) 70�3 (23�3) 63�4 (31�5) 70�0 (29�3)
65–75 (n = 1060) 53�8 (22�1) 79�0 (22�6) 72�8 (23�2) 64�5 (25�0) 60�1 (33�3) 69�5 (30�7)
>75 (n = 279) 51�7 (22�6) 74�5 (24�5) 72�2 (24�2) 60�8 (25�3) 59�1 (32�4) 72�4 (27�9)
P-value <0�0001 <0�0001 0�3277 <0�0001 0�0408 0�4216

Creatinine clearance rate, ml/s

<1�0 (n = 898) 51�9 (22�2) 77�3 (23�8) 71�1 (24�1) 63�2 (24�8) 57�9 (32�6) 67�6 (30�8)
≥1�0 (n = 1642) 57�5 (22�4) 81�5 (21�7) 74�6 (22�2) 68�8 (24�1) 63�5 (32�2) 71�3 (29�0)
P-value <0�0001 <0�0001 0�0007 <0�0001 <0�0001 0�0057

Gender

Male (n = 1401) 56�7 (22�5) 81�6 (22�1) 75�9 (21�9) 69�5 (24�6) 62�5 (32�8) 71�1 (29�3)
Female (n = 1161) 54�3 (22�4) 78�1 (22�8) 70�3 (23�8) 63�6 (24�0) 60�5 (31�9) 68�8 (30�2)
P-value 0�0160 0�0002 <0�0001 <0�0001 0�1579 0�0760

Geographical location

North America (n = 661) 59�9 (23�4) 80�6 (21�7) 76�9 (21�2) 70�5 (23�2) 65�2 (31�8) 68�7 (29�5)
Latin America (n = 39) 62�0 (19�4) 90�6 (13�7) 73�7 (18�6) 75�9 (20�9) 73�5 (26�1) 82�9 (26�9)
Europe (n = 1692) 53�5 (21�8) 79�5 (23�1) 71�4 (23�6) 65�3 (24�8) 59�9 (32�7) 70�0 (30�2)
Asia (n = 71) 48�5 (21�8) 71�1 (24�4) 75�4 (24�3) 51�1 (26�8) 48�3 (32�5) 64�3 (28�0)
Other (n = 99) 66�6 (21�9) 86�6 (15�8) 81�5 (17�2) 77�6 (18�0) 71�1 (27�1) 78�3 (22�7)
P-value <0�0001 <0�0001 <0�0001 <0�0001 <0�0001 0�0016

Haemoglobin levels, g/l

<80 (n = 62) 49�2 (23�3) 76�1 (30�0) 64�7 (27�7) 62�4 (23�7) 53�6 (33�3) 62�6 (33�3)
80–99 (n = 756) 51�1 (22�6) 77�8 (22�9) 72�3 (24�2) 60�9 (24�8) 54�6 (33�0) 65�2 (31�2)
100–120 (n = 1107) 56�6 (22�5) 80�0 (22�6) 73�2 (22�5) 67�6 (24�4) 63�3 (32�1) 70�9 (29�5)
>120 (n = 624) 59�6 (21�5) 82�9 (20�9) 75�5 (21�5) 73�0 (22�7) 67�3 (30�7) 74�9 (27�1)
P-value <0�0001 0�0008 0�0036 <0�0001 <0�0001 <0�0001

ISS disease stage

I (n = 769) 61�5 (21�6) 83�9 (19�6) 76�7 (20�5) 74�6 (21�8) 69�9 (30�3) 76�4 (27�2)
II (n = 979) 54�8 (22�2) 79�1 (23�3) 72�7 (22�8) 65�5 (24�9) 60�7 (32�6) 69�2 (29�8)
III (n = 757) 50�1 (22�4) 77�1 (23�8) 70�5 (25�1) 60�4 (24�5) 53�5 (32�2) 64�6 (31�1)
P-value <0�0001 <0�0001 <0�0001 <0�0001 <0�0001 <0�0001

Myeloma isotype

IgA (n = 622) 56�9 (23�4) 78�6 (23�1) 73�4 (23�2) 67�5 (24�6) 62�8 (32�9) 71�8 (29�5)
IgG (n = 1581) 55�7 (22�3) 80�7 (22�3) 73�8 (23�0) 66�9 (24�3) 62�0 (32�1) 70�7 (29�3)
IgM (n = 11) 69�1 (15�0) 86�4 (18�0) 75�8 (12�0) 80�5 (13�7) 74�2 (20�2) 83�3 (14�9)
IgD/IgE (n = 31) 50�0 (21�5) 75�9 (27�3) 66�1 (26�3) 67�8 (25�6) 60�3 (30�3) 67�8 (32�4)
P-value 0�1010 0�1758 0�3887 0�3501 0�6375 0�4649

Performance status (ECOG)

0 (n = 634) 68�2 (19�6) 87�3 (17�4) 81�1 (18�0) 82�5 (17�1) 79�7 (24�2) 84�5 (21�1)
1 (n = 1443) 55�4 (20�7) 80�7 (21�4) 73�6 (22�1) 67�7 (21�4) 62�5 (30�2) 70�5 (28�2)
2 (n = 447) 38�3 (20�2) 67�9 (26�7) 62�5 (26�3) 42�5 (23�1) 33�7 (29�8) 48�9 (32�2)
≥3 (n = 5) 18�3 (14�9) 36�7 (38�0) 21�7 (17�3) 18�7 (19�7) 3�3 (7�5) 23�3 (25�3)
P-value <0�0001 <0�0001 <0�0001 <0�0001 <0�0001 <0�0001
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resulting in better emotional functioning, and may have a

subjectively lower symptom and pain burden. In contrast,

younger, fitter patients who proceed to transplantation may

have considerable distress since they are presented with both

a cancer diagnosis and a complex transplant option. Thus,

while there may be a selection bias for patients in clinical

trials, the findings reported here may reflect a real-world

situation.

In the present analysis, age appeared to be a key factor

associated with patient-reported HR-QoL in MM, thus con-

(B)

Clinical measure

EORTC QLQ-C30 symptom domain scores, mean (SD)

Appetite

loss Constipation Diarrhoea Dyspnoea Fatigue Insomnia

Nausea and

vomiting Pain

Age, years

<65 (n = 1223) 17�5 (25�6) 16�2 (25�7) 7�9 (17�2) 20�1 (25�9) 39�5 (25�8) 30�7 (31�2) 7�0 (15�3) 39�0 (31�2)
65–75 (n = 1060) 22�6 (30�5) 22�1 (30�4) 7�7 (17�7) 23�7 (29�3) 42�2 (26�1) 27�1 (29�5) 8�3 (18�0) 39�9 (31�3)
>75 (n = 279) 26�7 (31�9) 26�1 (30�6) 7�0 (17�7) 23�8 (29�9) 46�1 (27�0) 32�2 (34�1) 7�5 (16�8) 39�3 (30�9)
P-value <0�0001 <0�0001 0�7775 0�0093 0�0007 0�0109 0�2735 0�8183

Creatinine clearance rate, ml/s

<1�0 (n = 898) 26�8 (31�9) 23�3 (30�4) 8�5 (18�4) 24�0 (30�0) 45�1 (26�0) 31�1 (31�6) 9�6 (19�2) 41�9 (31�8)
≥1�0 (n = 1642) 17�4 (26�1) 17�9 (27�3) 7�3 (16�9) 20�9 (26�5) 39�3 (25�9) 28�4 (30�5) 6�6 (15�0) 38�1 (30�8)
P-value <0�0001 <0�0001 0�1258 0�0131 <0�0001 0�0629 <0�0001 0�0068

Gender

Male (n = 1401) 18�4 (27�2) 18�4 (27�7) 7�4 (17�7) 20�9 (27�1) 38�9 (25�9) 27�4 (30�1) 6�2 (14�4) 36�9 (30�9)
Female (n = 1161) 23�3 (30�0) 21�4 (29�3) 8�1 (17�2) 23�4 (28�6) 44�3 (26�0) 31�8 (31�7) 9�3 (18�8) 42�4 (31�3)
P-value <0�0001 0�0145 0�3634 0�0349 <0�0001 0�0009 <0�0001 <0�0001

Geographical location

North America (n = 661) 19�7 (27�5) 18�9 (26�9) 9�0 (18�7) 22�9 (28�3) 39�7 (26�1) 29�4 (31�5) 6�9 (14�4) 35�5 (30�8)
Latin America (n = 39) 17�1 (24�0) 17�1 (25�2) 4�3 (11�3) 5�1 (12�2) 25�4 (21�6) 26�5 (26�7) 3�8 (11�1) 34�2 (30�8)
Europe (n = 1692) 20�9 (29�0) 20�0 (29�1) 7�3 (17�1) 22�1 (27�7) 42�5 (26�2) 29�6 (30�9) 7�8 (17�4) 41�3 (31�4)
Asia (n = 71) 33�3 (34�3) 25�4 (32�1) 10�3 (19�2) 19�7 (31�2) 48�7 (27�8) 30�0 (31�4) 13�8 (23�1) 46�9 (30�1)
Other (n = 99) 13�3 (22�1) 17�4 (25�9) 5�8 (16�1) 23�0 (27�2) 34�0 (21�5) 25�9 (29�0) 5�0 (10�9) 28�5 (25�7)
P-value 0�0005 0�3902 0�1068 0�0055 <0�0001 0�8185 0�0051 <0�0001

Haemoglobin level, g/l

<80 (n = 62) 33�3 (32�1) 34�6 (37�7) 9�3 (19�9) 32�7 (27�8) 54�1 (26�9) 38�8 (35�6) 14�5 (20�3) 51�5 (34�0)
80–99 (n = 756) 25�7 (31�1) 22�1 (29�5) 8�3 (18�2) 26�5 (30�3) 47�4 (26�5) 30�2 (31�8) 9�1 (18�7) 42�8 (32�4)
100–120 (n = 1107) 20�5 (28�3) 20�7 (29�1) 7�5 (17�1) 21�0 (27�3) 40�6 (26�0) 29�2 (30�2) 7�7 (17�0) 38�8 (30�7)
>120 (n = 624) 13�8 (23�8) 13�9 (23�8) 7�1 (17�0) 17�5 (24�7) 34�3 (23�7) 27�7 (30�4) 4�9 (12�0) 35�4 (29�7)
P-value <0�0001 <0�0001 0�5999 <0�0001 <0�0001 0�0771 <0�0001 <0�0001

ISS disease stage

I (n = 769) 13�0 (23�6) 14�8 (25�0) 7�1 (16�2) 17�3 (24�3) 33�6 (24�1) 27�8 (30�0) 5�6 (14�3) 34�0 (29�3)
II (n = 979) 20�7 (28�8) 20�9 (29�3) 7�3 (17�2) 22�6 (28�0) 42�3 (26�2) 29�2 (31�1) 7�5 (16�3) 41�2 (31�2)
III (n = 757) 28�8 (30�9) 23�4 (30�3) 9�0 (19�2) 26�3 (30�3) 48�4 (26�1) 31�3 (31�4) 10�1 (19�1) 43�0 (32�6)
P-value <0�0001 <0�0001 0�0811 <0�0001 <0�0001 0�1125 <0�0001 <0�0001

Myeloma isotype

IgA (n = 622) 21�8 (29�2) 20�8 (30�2) 7�4 (17�2) 19�7 (26�2) 40�9 (27�2) 30�6 (31�1) 7�8 (16�7) 39�8 (32�2)
IgG (n = 1581) 19�5 (27�9) 19�0 (27�9) 7�5 (17�0) 22�5 (28�2) 40�9 (26�0) 28�9 (30�8) 6�9 (15�6) 38�3 (30�8)
IgM (n = 11) 18�2 (17�4) 9�1 (15�6) 9�1 (15�6) 18�2 (27�3) 34�3 (15�3) 18�2 (27�3) 3�0 (6�7) 27�3 (20�1)
IgD/IgE (n = 31) 31�0 (34�4) 27�6 (36�8) 5�7 (15�6) 20�7 (28�7) 43�7 (28�2) 39�1 (33�4) 18�4 (26�9) 40�2 (29�7)
P-value 0�0859 0�1841 0�9401 0�2616 0�8203 0�1613 0�0018 0�5185

Performance status (ECOG)

0 (n = 634) 9�3 (19�0) 11�3 (21�7) 7�1 (15�9) 15�1 (22�1) 26�6 (21�2) 22�1 (28�1) 3�8 (9�9) 21�9 (24�1)
1 (n = 1443) 19�0 (26�8) 18�9 (27�6) 7�5 (17�4) 22�9 (28�0) 41�6 (24�6) 29�9 (30�5) 7�3 (15�9) 40�0 (29�4)
2 (n = 447) 41�3 (34�3) 33�8 (33�8) 9�0 (19�3) 28�0 (31�6) 60�7 (24�0) 37�0 (33�1) 13�3 (23�3) 61�5 (30�9)
≥3 (n = 5) 53�3 (38�0) 80�0 (29�8) 0 60�0 (43�5) 86�7 (12�2) 53�3 (50�6) 30�0 (18�3) 86�7 (29�8)
P-value <0�0001 <0�0001 0�3074 <0�0001 <0�0001 <0�0001 <0�0001 <0�0001

Scores for baseline albumin level; analgesia use; bone lesions; non-opioid, weak opioid or strong opioid use; and baseline calcium level are not

shown in the table.

P-values are corrected for false discovery rate (FDR); values of <0�05 are shown in bold text.

ECOG, Eastern Cooperative Oncology Group; ISS, International Staging System; SD, standard deviation.
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firming previous reports (Slovacek et al, 2008; Dimopoulos

et al, 2014). Our findings demonstrate that global health sta-

tus in MM tends to decrease with increasing age in New and

Early disease, although this did not hold true for Late dis-

ease, possibly due to the more ‘hardy’ nature of these

patients who had survived multiple lines of prior MM ther-

apy, as well as the much smaller size of this group. As might

be expected, physical, role and cognitive functioning all

tended to decline with advancing age. Of interest, emotional

and social functioning did not follow this pattern, with emo-

tional function remaining stable and social function improv-

ing as patient age increased. These findings may be

suggestive of a generally better well-being in younger patients

with earlier stage MM. However, a new MM diagnosis may

have a greater psychological impact on this type of patient,

who may have inherently higher expectations for these

aspects of functioning and perhaps are still adapting psycho-

logically to the new reality of being diagnosed with MM.

Patient subgroup analyses showed that, in addition to age,

various other demographic and baseline clinical variables

impacted significantly on HR-QoL. Notably, ECOG perfor-

mance status and opioid use were identified in multivariate

analysis as factors independently associated with EORTC glo-

bal health status across all three disease stages. While poorer

ECOG performance status was associated with lower global

health scores, as would be expected, the impact of opioid use

was less apparent. Baseline use of non-opioids tended to

decrease as disease stage progressed, whereas use of strong

opioids was higher in relapsed disease. Multivariate analysis

showed that pain scores were generally worse in those

patients receiving analgesics regardless of disease stage – sig-

nificantly worse pain scores in patients receiving non-opioids

(Early and Late disease), weak opioids (New and Early dis-

ease) or strong opioids (all disease stages). Taken together,

our data suggest that analgesic pain management may not

have been the key driver behind the differences in pain

scores across the disease stages observed in the main HR-

QoL analysis. The data also suggest that pain management

with analgesia may have been inadequate from the patient

perspective.

To our knowledge, this is the first analysis contrasting the

HR-QoL of newly diagnosed MM patients by transplant eli-

gibility. Despite efforts to age match the populations, trans-

plant-ineligible patients were a median of 8 years older than

transplant-eligible patients. However, despite the age gap,

clinical characteristics and HR-QoL scores were generally

similar between the two groups. None of the observed HR-

QoL differences approached the threshold for a clinically

meaningful difference. It appears, therefore, that the overall

clinical characteristics of the two populations matter more

with respect to HR-QoL than age per se. Nonetheless, these

findings were surprising given that transplant-eligible patients

tend to be of younger age, have fewer comorbidities and may

be generally in better health compared with transplant-ineli-

gible patients (Moreau et al, 2011; Ludwig et al, 2012). It is

possible that emotional functioning, particularly the impact

Table IV. Multivariate regression models of EORTC QLQ-C30 global health status scores by disease stage.

Variable Level

New disease (n = 731) Early disease (n = 1409) Late disease (n = 180)

Parameter

estimate P-value

Parameter

estimate P-value

Parameter

estimate P-value

Intercept 37�66 35�70 37�59
Geographical location North America 10�73 <0�0001 -2�23 <0�0001

Latin America 5�59 -4�48
Europe -5�32 -9�96
Asia -0�18 8�47
Other Reference Reference

Albumin <35 g/l -3�57 0�01
Creatinine clearance rate <1�0 ml/s -4�33 <0�01
Bone lesions 6�44 0�04
ISS disease stage I 6�65 <0�0001

II 0�79
III Reference

Performance status (ECOG) 0 37�00 <0�0001 37�57 <0�0001 31�98 <0�0001
1 25�39 26�22 21�48
2 12�96 11�90 Reference

≥3 Reference Reference

Strong opioid -12�11 <0�0001 -8�87 <0�0001
Weak opioid -5�07 <0�01
Non-opioid analgesics -15�63 <0�001
R2 0�29 0�23 0�22

ECOG, Eastern Cooperative Oncology Group; ISS, International Staging System. P-values of <0.05 are shown in bold text.
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of the new diagnosis and/or fear of therapy, as well as social

functioning might counterbalance the otherwise better health

status that these younger patients would be expected to have.

Additional prospective studies are required to further eluci-

date the relationship between transplant eligibility and HR-

QoL in MM.

Despite the preferential influence of age on overall HR-

QoL in the earlier stages of MM, global health status scores

across all age groups and disease stages were lower than the

mean EORTC adult normal, demonstrating that HR-QoL is

already impaired in patients with MM from the time of ini-

tial diagnosis (Gulbrandsen et al, 2004). While the EORTC

values are currently the best retrospective reference data

available for the general adult population (Scott et al, 2008),

age-matched data would provide a more robust comparison,

especially given that the median age of the reference popula-

tion was lower than those in any of the MM groups in the

present study. Consistently, other prospective studies using

the EORTC QLQ-C30 questionnaire have reported similar

reductions in HR-QoL in MM patients compared with age-

and gender-matched populations (Gulbrandsen et al, 2004;

Mols et al, 2012).

As mentioned previously, there are several limitations to

this study. Firstly, baseline patient HR-QoL data were

derived from six clinical studies of bortezomib-based thera-

pies which used somewhat different enrolment criteria, and

whose data were published over a 12-year period (from 2003

to 2015). Although many high-risk patients were included in

these trials, some adverse clinical characteristics, such as

hypercalcaemia or neurotoxicity, were typically excluded

[Richardson et al, 2003, 2005; Orlowski et al, 2007; San

Miguel et al, 2008; http://www.euroqol.org/eq-5d-products/

eq-5d-3l.html (Accessed March 2016); Ludwig et al, 2013].

Therefore, there may have been an over-representation of

‘healthier’ patients in this analysis. Secondly, over the past

decade, advances in therapies for MM, such as ASCT and the

novel agents, bortezomib, lenalidomide and thalidomide,

have improved patient survival (Gentile et al, 2012; Ludwig

et al, 2014). Consequently, our results may be confounded

by a ‘history effect’ whereby patient HR-QoL data collected

from clinical trials conducted over the course of more than

12 years may be influenced by the changing availability of

certain treatment options. Similarly, supportive care practices

for pain and anaemia may have changed over this protracted

data collection period (Snowden et al, 2011). In addition,

some studies were geographically localized, while others were

conducted on a global scale. This could increase cultural

diversity in the population, thus influencing patient-reported

HR-QoL. It should be emphasized that our results suggest

that clinical and demographic parameters, and supportive

care practices have a much greater influence on patient-

reported HR-QoL than the categorical schema used in this

analysis, which was based on the number of prior therapies.

Our analysis is also limited by the fact that some impor-

tant clinical characteristics, in particular the type of cytoge-

netic abnormality in the malignant plasma cells, were not

consistently available across the studies. In addition, baseline

HR-QoL scores were captured using the same standard as

the clinical variables, whereby HR-QoL data available before

the first dosing day were carried forward if it was missing

at the first dosing day. While this may introduce some tem-

poral variability in patient-reported HR-QoL, it was deemed

worthwhile in order to boost the sample sizes for subgroup

analyses. Finally, the dataset used in the present analysis

incorporated an erroneous non-baseline time point from one

patient from the SUMMIT study; however, given the large

sample size (n = 2561), inclusion of this time point was

expected to have a negligible impact on the results.

Given the non-curative nature of MM treatment, HR-QoL

is an important consideration for patient care, as outlined in

a recent systematic review (Sonneveld et al, 2013). Our

results suggest that differences in HR-QoL across the MM

disease course appear to be complex and mitigated by clinical

and demographic factors, especially age. There were some

surprising results, such as the observed increase in global

health status over the course of disease progression. How-

ever, these unexpected findings may reflect the realities of

clinical practice more than originally anticipated. Other

researchers have also reported conflicting results when evalu-

ating HR-QoL in MM. For example, age did not predict

EORTC QLQ-C30 global health status in a smaller European

cohort study in which a cross-sectional analysis of all pre-

senting MM patients, regardless of disease or treatment stage,

Table V. Mean (SD) EORTC QLQ-C30 scores by transplant eligibil-

ity in patients aged 48–69 years in the New disease group.

Mean (SD) score

Transplant eligible

Yes (n = 84) No (n = 253)

EORTC QLQ-C30 scores

Global health status 53�0 (21�2) 50�7 (22�3)
Functional domain scores

Cognitive functioning 82�1 (23�8) 77�8 (24�9)
Emotional functioning 67�3 (24�0) 69�9 (24�3)
Physical functioning 65�7 (25�7) 62�6 (26�5)
Role functioning 53�9 (33�9) 56�6 (33�9)
Social functioning 66�9 (31�8) 68�5 (31�2)

Symptom domain scores

Appetite loss 19�1 (26�7) 22�4 (30�0)
Constipation 22�8 (27�2) 21�3 (30�9)
Diarrhoea 5�7 (13�7) 6�5 (16�8)
Dyspnoea 21�8 (27�5) 24�2 (30�1)
Fatigue 43�1 (25�5) 44�1 (27�5)
Insomnia 26�4 (28�1) 27�6 (29�5)
Nausea and vomiting 8�3 (20�7) 7�9 (18�3)
Pain 45�7 (33�2) 45�4 (32�0)

Higher scores for EORTC QLQ-C30 global health status and EORTC

QLQ-C30 functional domain scores indicate better overall HR-QoL.

Lower EORTC QLQ-C30 symptom domain scores indicate better

HR-QoL.

SD, standard deviation.
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was conducted (Jordan et al, 2013). Instead, disease duration,

symptom burden, bone symptoms (as also observed in our

analysis) and being currently on therapy were found to be

strong predictors of global health status on multiple regres-

sion analysis. In a separate, small Dutch longitudinal patient

registry study of MM patients up to 10 years post-diagnosis,

length of survivorship was found to have no impact on

EORTC QLQ-C30 global health status or QLQ-C30 subscales

(Mols et al, 2012). However, a steady decline in global health

status, as well as worsening in symptoms, such as pain and

fatigue, was observed over the 1-year follow-up period. A

subsequent larger study of the same Dutch registry popula-

tion, which was designed to explore the impact of age on

HR-QoL, found no association between age and EORTC

QLQ-C30 global health status, while comorbidity was found

to be an influential factor (van der Poel et al, 2015). As in

this report, both of the two latter studies reported inferior

HR-QoL among MM patients across all scales of the EORTC

QLQ-C30 when compared to a normative reference

population.

These results should be interpreted with some caution as

the selection of patients who are candidates for clinical trials

may have led to some bias. However, they may also provide

important observations for treating physicians on: (i) the

impact of a new diagnosis on the emotional and role func-

tioning of patients, suggesting a potential role for psychologi-

cal counselling, and (ii) the importance of early and effective

pain control which may result in improved physical function-

ing. Further validation would be warranted, either in other

database studies, prospective evaluations or by analysing trials

that occurred concurrently. A large naturalistic, prospective,

international, multi-region, inception cohort study, following

patients from diagnosis to advanced disease, would be partic-

ularly valuable to help elucidate the complex relationships

explored in this paper. Such a study should use a standard

longitudinal set of clinical, demographic and HR-QoL assess-

ments criteria across all therapies (Osborne et al, 2012; Jor-

dan et al, 2013), with rigorous data capture over time,

including safety monitoring and the use of supportive care.
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