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Danish summary (Dansk resume) 
Myelomatose (MM) er en malign vækst af plasmaceller i knoglemarven. Sygdommen rammer især den 

ældre del af befolkningen, da medianalder ved diagnosen er ca. 70 år. På verdensplan konstateres årligt 

86.000 nye tilfælde af sygdommen. MM er uhelbredelig, men følsom for behandling, og det typiske forløb 

er perioder med aktiv, behandlingskrævende sygdom samt perioder uden sygdomsaktivitet og behov for 

behandling. Prognosen er forbedret betydeligt gennem de seneste 20 år på grund af nye behandlingstilbud.  

Livet som MM patient er forbundet med varierende symptomer fra sygdommen i form af knoglesmerter/-

frakturer, lav blodprocent, nedsat nyrefunktion og/eller forhøjet kalk i blodet. Ligeledes må mange 

patienter leve med bivirkninger og senfølger efter sygdommen, såvel som behandling. Samlet benævnes 

dette patienternes helbredsrelaterede livskvalitet (HRQoL), som kan måles ved spørgeskemaundersøgelser, 

også kaldet patient-rapporteret outcomes (PRO).  

Der er fundet metodemæssige udfordringer i tolkning af svarene fra spørgeskemaundersøgelser med 

gentagende HRQoL målinger. En af udfordringerne er at fastsætte den rigtige grænse for, hvad patienterne 

betragter som en klinisk meningsfuld effekt af behandlingen på HRQoL. En anden udfordring er, at 

patienter muligvis adapterer sig til ændringer i HRQoL over tid, hvilket kan påvirke, hvad disse patienter 

besvarer til spørgsmålene og dermed komplicere tolkningen af svarene. En tredje udfordring er, hvis 

patienterne ikke besvarer spørgeskemaerne, da der er risiko for skævvridning af resultaterne, hvis disse 

manglende besvarelser skyldes lav HRQoL. 

Det overordnede formål med afhandlingen er at afgøre, om PRO-data kan belyse klinisk meningsfulde 

effekter af behandling på HRQoL set fra MM patienters perspektiv, på trods af metodemæssige 

udfordringer. Første delmål var at tolke offentliggjorte studier med gentagne HRQoL målinger, hvor 

spørgeskemaet EORTC QLQ-C30 blev anvendt, med afsæt i grænser for klinisk meningsfuld effekt af 

behandlingen. Andet delmål var at analysere den klinisk meningsfulde effekt på HRQoL af fire behandlinger 

ved brug af EORTC QLQ-C30 spørgeskemaet med tillæg af EORTC QLQ-MY20 og relatere disse til tidligere 

fund. Tredje delmål var at undersøge omfanget af manglende spørgeskemabesvarelser i HRQoL studier 

med MM patienter. Desuden var formålet at afgøre virkningen af de tiltag, som er indsat i et igangværende 

HRQoL studie med MM patienter, for at reducere manglende spørgeskemabesvarelser.  

Til afdækning af delmål 1 identificeres, ved en systematisk litteratursøgning, 18 HRQoL studier med 

patienter med nykonstanteret MM og patienter med tilbagefald. Konklusionen blev, at patienter med 

nykonstanteret MM generelt rapporterer en klinisk meningsfuld forbedret global livskvalitet og fysisk 

funktion samt reduceret smerte og træthed. Dette er forskelligt fra patienter med MM, som behandles for 

tilbagefald, som rapporterer uændret eller ligefrem forringelse af HRQoL. 

For at besvare delmål 2 analyseres spørgeskema besvarelser fra to kliniske studier med patienter med 

nykonstateret MM. Den generelle tendens kunne genfindes, da patienterne rapporterede en klinisk 

meningsfuld forbedret HRQoL. En nævneværdig undtagelse herfra var de patienter, der blev behandlet 

med clarithromycin i tillæg til bortezomib-cyclofosfamid-dexamethason-induktionsbehandling før højdosis 

kemoterapi med stamcellestøtte. Denne patientgruppe rapporterede forværring af træthed, søvnløshed og 

appetittab samt tiltagende score for bivirkninger under behandlingen. Dette resulterede i, at den 

forventede bedring af global livskvalitet og fysisk funktion efter primær behandlingen udeblev, samt at den 

social funktion og body image faldt under behandlingen. På trods heraf rapporterede patienterne 
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forbedring i den emotionelle funktion efter behandlingen, hvilket var forskellig fra kontrolgruppen, som 

rapporterede uændret emotionel funktion.  

Til belysning af delmål 3 hentes oplysninger om andelen af manglende spørgeskemabesvarelser fra de 18 

studier, identificeret til besvarelse af delmål 1, og de to studier, analyseret til besvarelse af delmål 2. 

Andelen af manglende besvarelser under opfølgningen var mellem 2 og 22%. Desuden var andelen af 

manglende spørgeskemabesvarelser grundet studieophør mellem 27 og 99%, sammenlignet med antallet 

patienter inkluderet ved studiestart. I et igangværende HRQoL studie med inklusion af den generelle 

population af patienter med MM uddannes sygeplejerskerne i at forebygge manglende besvarelser. I det 

pågældende studie modtager de patienter, der ikke har svaret, en påmindelse, og ved fortsat manglende 

besvarelse tages kontakt til patienten. Disse tiltag har gjort, at andelen af manglende besvarelser under 

opfølgningen kun er 5%.    

Vi konkluderer, at PRO-data kan belyse den klinisk betydende effekt af behandling på HRQoL fra MM 

patienters perspektiv, hvis studiet er veldesignet, og metodemæssige udfordringer adresseres. Patienterne 

i valideringsstudiet for EORTC QLQ-C30 og EORTC QLQ-MY20 spørgeskemaerne var hovedsageligt patienter 

med nykonstanteret MM. Domænet bivirkninger, som er en del af EORTC QLQ-C30, er ikke udviklet til at 

måle patientoplevede bivirkninger til nyere behandlinger for MM.  

De tre metodemæssige udfordringer ved gentagende HRQoL målinger bør undersøges nærmere ved 

patienter med MM. For det første mangles valide grænseværdier, der kan afgøre, hvilken ændring, der 

udgør en klinisk meningsfuld ændring over tid, set fra MM patienters perspektiv. For det andet bør 

tendensen til, at patienterne adopterer sig til ændring i HRQoL over tid undersøges nærmere og inddrages i 

grænseværdier for klinisk betydende ændringer over tid. For det tredje, selvom det nu er bevist, at andelen 

af manglende spørgeskemabesvarelser i opfølgning kan reduceres, mangles der stadig viden om statistiske 

metoder, der kan sikre, at uundgåelige manglende spørgeskemabesvarelser ikke skævvrider resultaterne.     
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English summary 
Multiple myeloma (MM) is a malignancy of the plasma cells in the bone marrow. MM primarily affects the 

elderly with a median age at diagnosis of about 70 years. Worldwide, it is estimated that 86,000 patients 

are diagnosed with MM yearly. MM is incurable, but treatment-sensitive, and the typical course of the 

disease is periods with symptomatic, treatment-demanding disease alternating with periods of remission 

without need of treatment. Due to novel treatments, the prognosis has improved over the last two 

decades, and overall survival for patients below 70 years now exceeds 6-7 years.  

As a result, myeloma patients might experience severe morbidity caused by bone destruction/fractures, 

renal dysfunction, bone marrow failure and high infection rates. In addition, they might be subject to 

adverse events and/or late sequelae to repeated lines of treatment. The impact of the disease and 

treatment on patients defines the health-related quality of life (HRQoL) and can be assessed by patient-

reported outcome (PRO) questionnaires.  

Methodological challenges in interpretation of longitudinal HRQoL results have been identified and we here 

present the three challenges relevant for this thesis. One of the challenges is to determine a correct 

threshold for clinical meaningful treatment effect on HRQoL from the patients´ perspective. Another 

challenge is that patients might adapt to changes in HRQoL, which could affect the patients´ answers to the 

questions in the questionnaires and complicate interpretation of results. A third challenge is, if the patients 

do not complete the questionnaires, since there is a risk of biased results, if the non-responses are related 

to the patients´ poor health.   

The overall aim of the thesis is to determine if PRO data are valuable tools for assessing clinically 

meaningful effect on HRQoL from the MM patients´ perspective in spite of methodological challenges. The 

first aim was to interpret published longitudinal studies using the EORTC QLQ-C30 questionnaires for 

HRQoL measurement according to thresholds for clinically meaningful treatment effects on HRQoL. The 

second aim was to determine the clinically meaningful treatment effect on HRQoL of four first line 

treatment regimens using the EORTC QLQ-C30 questionnaires with the addition of EORTC QLQ-MY20 and 

relate the results to previous findings. The third aim was to analyse the magnitude of non-responses in 

longitudinal studies with MM and determine the effect of implemented strategies to reduce non-responses 

during follow-up in an ongoing longitudinal HRQoL study of patients with MM. 

To elucidate the first aim, a systematic literature search was performed with identification of 18 

longitudinal HRQoL studies of patients with newly diagnosed or relapsed MM, where the EORTC QLQ-C30 

questionnaire was used. Clinically meaningful improvements in global QoL, physical functioning and 

reduction of pain and fatigue were found far more likely during primary treatment regimens, whereas 

relapsed patients reported no change or even deterioration in HRQoL.  

To answer the second aim, HRQoL data from two clinical trials in newly diagnosed MM patients, where the 

EORTC QLQ-C30 and EORTC QLQ-MY20 instruments were used for HRQoL measurement were analysed. 

The general findings were confirmed, since the newly diagnosed patients with MM reported clinical 

meaningful improvement in HRQoL during treatment. However, a noteworthy exception was patients 

treated with clarithromycin added to the bortezomib-cyclophosphamide-dexamethasone induction before 

high dose therapy with stem cell support. These patients reported increased fatigue, insomnia and appetite 

loss and increasing score for side effects of treatment during treatment. This resulted in lack of clinically 
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meaningful improvement in global quality of life and physical functioning as well as decreased social 

functioning and body image during treatment. In spite of that, the patients reported increased emotional 

functioning after treatment, which differ from the patients in the placebo group, who reported unchanged 

emotional functioning. 

To illuminate the third aim, information of the magnitude of non-responses from the 18 studies identified 

to elucidate the first aim, and the two studies analysed as part of answering the second aim were 

extracted. The non-responses rate during follow-up was between 2 and 22%. Compared to number of 

patients at baseline, the proportion of non-responses due to study discontinuation was between 27 and 

99%. In the ongoing longitudinal HRQoL study, study nurses are being educated in prevention of non-

responses. Patients, who have not completed the questionnaires receive reminders, and later, if the 

patients still have not completed the questionnaire, the study nurses contact the patients. The applied 

strategies resulted in a rate of non-responses in follow-up of 5%.  

We concluded that PRO tools can assess clinically meaningful treatment effects on HRQoL from the MM 

patients´ perspective, if the study is well-designed and methodological challenges are addressed. The 

EORTC QLQ-C30 and EORTC QLQ-MY20 questionnaires are only validated in newly diagnosed MM patients, 

and the side effect of treatment domain of EORTC QLQ-MY20 is not developed to capture symptomatic 

toxicities of novel anti-myeloma drugs or drug combinations.  

The three methodological challenges in longitudinal HRQoL measurement need further investigation in 

MM. Firstly, valid thresholds to assess clinically meaningful treatment effects from the MM patients´ 

perspective are needed. Secondly, possible adaption to change in HRQoL needs further investigation and 

should be integrated into thresholds for clinically meaningful change. Lastly, the high magnitude of non-

responses to questionnaires found in HRQoL studies of patients with MM might have biased the existing 

HRQoL results. Now, we have practical tools to reduce NRs during follow-up, but statistical methods for 

handling of unavoidable NR in order to reduce selection bias need further development. 
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Introduction 

Multiple myeloma 

Multiple myeloma (MM) is a malignancy of the plasma cells in the bone marrow. MM is the second most 

common haematological malignancy (1). The annual incidence is about 4.3 per 100,000 with ethnical 

differences. MM is twice as common in Afro-Americans compared to Caucasians; moreover, the disease is 

slightly more common in males compared to females (1, 2). The cancer most often affects older people, 

with a median age of about 70 years at diagnosis (3). Worldwide, it is estimated that 86,000 patients are 

diagnosed with MM yearly, with the highest incidence in the industrialized countries (2). In Denmark, the 

yearly incidence of MM has increased and is now above 400 annually (4-7). In 2015, 1864 patients were 

living with MM in Denmark (4, 5). 

Risk factors for developing MM are poorly understood (2). It is a very heterogeneous disease, both clinically 

and as defined by tumour genetics (8). MM is almost always preceded by an asymptomatic premalignant 

plasma cell disorder, monoclonal gammopathy of undetermined significance (MGUS) or smoldering 

myeloma (SMM) (9, 10). The overall prevalence of MGUS is 3.2 % in the Caucasian population at the age of 

50 years or older (10, 11). The mean cumulative risk of progression from MGUS to SMM or MM is 10% at 10 

years. The same figure for transformation from SMM to MM is about 10% per year for the first 5 years, 

hereafter the risk decreases to about 2 to 3% per year (11-13). The diagnosis of MM is based on the 

International Myeloma Working Group (IMWG) updated criteria (14). The IMWG diagnostic criteria are 

based on the findings of >10 % clonal plasma cells in the bone marrow or biopsy-proven plasmacytoma and 

one or more so-called CRAB features - hyperCalcaemia, Renal failure, Anaemia and Bone lesions (14, 15). 

Moreover, almost all patients have a monoclonal protein, called M-component, in serum or urine. In case 

of no measureable M-component in serum or urine, the free light kappa or lambda ratio in serum will 

almost always be abnormal. However, a few cases of true non-secretory MM exist (14). 

 

MM patients experience variable morbidity caused by bone destruction/fractures, renal dysfunction, bone 

marrow failure, high infection rates and potential physical disability (14). The most frequent MM symptoms 

at diagnosis are bone pain, fatigue and loss of weight (16). The goal with initial therapy is to achieve 

significant tumour reduction, long progression free survival and overall survival, as well as relief of 

symptoms and prevention of disease complications with as few side effects and long term toxicities as 

possible. However, pre-treatment predictors of response are lacking, and it is difficult to foresee how long 

treatment response will last and the disease will progress (17, 18). This is one of the conditions that the 

patients with MM must try to cope with.  

 

Eventually, MM will progress or relapse (RMM), and anti-myeloma therapy again becomes necessary to 

achieve disease control. IMWG defined criteria of progressive disease (PD) and RMM in 2006, which were 

updated in 2016 (19, 20). Criteria for PD are fulfilled if M-component in blood, urine and/or bone marrow 

plasma cells infiltration have increased by ≥ 25% from nadir. In case of non-secretory MM, an increase of ≥ 

25% in the difference between the involved and not-involved serum free light chains (the increase must be 

at least 100 mg/l). Criteria for PD are also established, if the patient develops new skeleton lesions (≥ 50% 

increase from nadir of >1 lesion), progression of known lesions (≥ 50% increase in longest diameter and >1 

cm in short axis) or ≥ 50% increase in circulating plasma cells (minimum 200 cells per µL) (20). Clinical 
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relapse is defined by progressive CRAB criteria as well as by tumoral growths of plasmacytomas or by 

hyperviscosity related to the M-component (20). 

 

Typically, MM patients experience very individual courses of disease trajectories and often receive multiple 

lines of anti-myeloma therapies in different drug combinations (21). Therefore, myeloma patients are at 

risk of reversible side effects to administered anti-myeloma drugs, e.g. infusion-related reactions or 

hospitalization-demanding infections as well as possible irreversible side effects, e.g. peripheral 

neuropathy, fatigue, anxiety and depression (22-27). Documented by cross-sectional studies, the most 

prevalent patient-reported symptoms and challenges across the disease pattern from diagnosis to 

advanced disease stage are fatigue (59-99%), pain (50-73%), constipation (33-65%), insomnia (36%) and 

peripheral neuropathy (33-53%) as well as decreased physical (54-99%), cognitive (80%) and role (80%) 

functioning and financial difficulties (31-78%) (22, 28-32). Myeloma complications, and treatment side 

effects and late sequelae along with existing or adjacent comorbidity cause frailty and high risk of early 

death in some patients (23, 33, 34). 

 

Until the middle of the 1990s, the median overall survival of patients diagnosed with MM treated in clinical 

trials was only three years (35). The treatment landscape for MM has evolved markedly hereafter. 

According to published data, the overall median survival has improved and is now above 6 years for 

patients diagnosed before the age of 65 years and almost 3 years for patient diagnosed past the age of 65 

(21, 36-38). The improved prognosis is caused by the introduction of high dose chemotherapy with 

autologous stem cell support (HDT) in the 1990s, and new treatment options with thalidomide, bortezomib 

and lenalidomide (36, 38, 39). The prognosis is expected to improve even further due to the current 

introduction of new targeted agents, such as second and third generation proteasome inhibitors, 

monoclonal antibodies, new immunomodulatory drugs (IMIDs), deacetylase inhibitors and signalling 

pathways/kinase inhibitors (40). 

 

Treatment of multiple myeloma 

First line treatment of younger, newly diagnosed MM (NDMM) patients under the age of 70 years with 

good performance status and without severe comorbidity is induction therapy followed by HDT (39, 41, 42). 

Few patients above the age of 70 years may be eligible for this intensive treatment. In Denmark and 

internationally, the recommended induction treatment is a bortezomib-based regimen, and currently in 

Denmark, consists of four 21-day cycles of bortezomib-cyclophosphamide-dexamethasone (VCD) therapy 

(43, 44). For transplant ineligible and elderly NDMM patients, the recommended first line treatment is 

repeated cycles of anti-myeloma drug combinations for 6-9 months or longer (45). In Denmark, current 

recommended regimens are melphalan-prednisolone-bortezomib (MPV), lenalidomide-dexamethasone 

(Rd) or bortezomib-lenalidomide-dexamethasone (VRD) based on results from the VISTA, FIRST, and SWOG 

S0777 trials (15, 46-49). 

 

For RMM, a variety of treatment regimens and combinations can be used including repeating the primary 

treatment regimen. If relapse occurs later than 18 months after primary HDT, re-induction therapy 

followed by salvage HDT is an option for eligible patients (50). At relapse, treatment decision-making is 

individualised, based on duration, observed complications and late effects of former therapies, current 

comorbidity and performance status, the expected response and toxicity profile of available drugs, as well 
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as the patients´ preferences concerning drug-delivery convenience, goals in life, and health-related quality 

of life (HRQoL) during and after treatment (51-54).  

 

Approved drugs for RMM in Denmark by December 2018 are the IMIDs thalidomide, lenalidomide and 

pomalidomide (55-57), the proteasome inhibitors bortezomib, carfilzomib, and ixazomib (58-60), and the 

monoclonal antibodies elotuzumab and daratumumab (61, 62). The histone deacetylase inhibitor, 

panobinostat, which is approved by European Medicines Agency, is not approved as standard of care 

treatment in Denmark (63). Most frequently used traditional chemotherapy agents are melphalan, 

cyclophosphamide, adriamycin, and bendamustin (15, 64). High-dose or moderate dose glucocorticoids, 

prednisolone or dexamethasone are part of most combination treatments. Monoclonal antibodies in 

combination with an IMID or proteasome inhibitor and steroid have become a preferred treatment 

regimen in RMM because of the high efficacy, which has been reported in clinical trials (61, 65-67). 

Therefore, the Danish treatment recommendation anno 2018 at first relapse for non lenalidomide-

refractory patients is daratumumab-lenalidomide-dexamethasone, and for lenalidomide-refractory patients 

it is daratumumab-bortezomib-dexamethasone, based on data from the POLLUX and CASTOR studies (61, 

65). Alternative treatment recommendations for RMM are carfilzomib, ixazomib or elotuzumab in 

combination with Rd (15, 58, 59, 62). 

 

Quality of life, health-related quality of life and patient-reported outcomes 

Quality of life  

Quality of life (QoL) is a key concern for patient-centred care (68). While there are many definitions of QoL, 

there is no standard definition that fits all purposes (68, 69). In 1984, Calman formulated a hypothesis of 

QoL in cancer patients, which has later been referred to as “Calman´s gap”: 

“Quality of life is a difficult concept to define and to measure. A hypothesis is proposed which suggests that 

the quality of life measures the difference, or the gap, at a particular period of time between the hopes and 

expectations of the individual and that individual´s present experiences. Quality of life can only be described 

by the individual and must take into account many aspects of life.”(70)  

The linkage between expectations, experiences and QoL has later been described in “A model of Quality of 

Life” (69, 71, 72). This leads to the fact that people with different expectations to their own QoL might 

report different QoL scores, even when they are in the same condition. Therefore, the concept of QoL 

should be considered complex, subjective and dynamic (69, 72, 73).  

Health-related quality of life  

HRQoL is considered a sub-element of the broader concept QoL (69). Again, there is no standard definition 

of HRQoL (74-76), however often explicitly focusing on the impact of disease or treatment. A widely 

accepted definition is by Osoba et al.:  

“..a multidimensional construct encompassing perceptions of both positive and negative aspects of 

dimensions, such as physical, emotional, social, and cognitive functions, as well as the negative aspects of 

somatic discomfort and other symptoms produced by disease or its treatment.” (77)  
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Multiple HRQoL models have been created, and the most commonly used model is “A Conceptual Model” 

of Wilson et al. in 1995 with a later revision (76, 78, 79). The Wilson Conceptual Model is presented in 

figure 1 and relies on a division of the outcomes measures into five levels of 1) biological and physiological 

variables, 2) symptoms status, 3) functional status, 4) general health perceptions and 5) overall QoL (78). 

Each level of outcomes measures is interrelated, and when moving from left toward right, the outcomes go 

from being distale to proximale measures and become increasingly difficult to define and measure, and 

increasingly affected by non-medical factors (78, 80).    

 

Figure 1. The Conceptual Model adapted from Wilson et al. (78). 

Patient-Reported Outcomes 

The U.S. Department of Health and Human Services Food and Drug Administration (FDA) have defined 

patient-reported outcomes (PRO) as:  

“A PRO is any report of the status of a patient´s health condition that comes directly from the patient, 

without interpretation of the patient´s response by a clinician or anyone else” (81) 

PRO measures can be used to assess QoL or HRQoL, and the outcome can be presented in absolute terms 

or as a change from a previous measure. At group level, PROs are being used in clinical trials to measure the 

treatment effect and symptomatic toxicities from the patients´ perspective of a medical intervention or as 

part of treatment quality assessment in health care (81-83). At an individual level, PROs are being used in 

clinical practice for symptom and adverse event monitoring and have shown to improve communication 

with health care professionals, symptom control, patient satisfaction and overall survival (84-86). Also, it is 

evident that PRO measures can be used in prognostic modelling in MM, other haematological and solid 

cancers (87-90). 

Patient-reported outcome instruments 

PRO can be measured by validated questionnaires, which can be divided into generic, disease or domain 

specific instruments, or by interview based methods (68). A generic instrument is designed to measure QoL 

in the healthy population as well as in different patient cohorts (68). An example of a generic instrument is 

Short-form health survey version 2-4-week recall (91). Disease specific instruments are designed to 

measure HRQoL in a specific population, e.g. the European Organisation for Research and Treatment of 

Cancer Quality of Life C30 (EORTC QLQ-C30) in cancer patients (92). Domain specific instruments are 

designed to capture PRO issues of a specific symptom or condition (68). An example of a domain specific 

instrument is the Functional Assessment of Cancer Therapy/Gynecologic Oncology Group Neurotoxicity 

subscale (93). An instrument consists of a varied number of items, which are calculated into domain scores. 

Domains based on an answer to one question are called “single-item domains”, and domains calculated on 

the basis of two or more answers are called “multi-item domains”.  

Biological and 
Physiological 

Variables

Symptom 
Status

Functional 
Status

General Health 
Perceptions

Overall Quality 
of Life



17 
 

Validation of a PRO instrument is the process of investigation of a instrument´s ability do measure what it is 

intended to measure and it is useful for its purpose (68). Aspects of validation of instruments relevant for 

the thesis will be mentioned here.  

The content validity is an instrument’s ability to capture a concept of interest by the items in the 

questionnaire (94). Thirteen disease or domain specific validated PRO instruments have been identified for 

use in MM patients (95). An investigation of the content validities of PRO instruments used in patients with 

MM, concluded that one single instrument does not capture all important HRQoL concepts (95). The EORTC 

QLQ-C30 with the addition of the Multiple Myeloma module EORTC QLQ-MY20 has been found to have the 

best coverage of domains of interest to patients with MM and is the most comprehensively 

psychometrically validated instrument for patients with MM (92, 95-98). This is supported by a Delphi 

consensus project, where the domains of EORTC QLQ-C30 reached the panellists’ agreement for global 

standards for collecting PRO outcomes in NDMM with the addition of self-perception of body image, 

sexuality and pain (99). 

Internal consistency refers to the extent to which the items of a multi-item domains are inter-related and is 

estimated by Cronbach´s α formula: 

𝛼 = 𝑁 ∙ 𝑐 𝑣 + (𝑁 − 1) ∙ 𝑐⁄   

N; number of items, c; average covariance between item-pairs, v; average variance.  

A Cronbach α level ≥0.7 is generally regarded as acceptable reliability for psychometrics scales, a level ≥0.8 

is good, and ≥0.9 is excellent (68, 94). 

EORTC QLQ-C30 

The EORTC QLQ-C30 instrument consists of 30 items and 15 domains: one global QoL domain, five 

functional domains (physical, role, emotional, cognitive and social functioning), nine symptom domains 

(fatigue, nausea and vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, diarrhoea, and 

financial difficulties). The domain scores are calculated according to the EORTC manual and translated into 

a scale of 0-100 (100). A high score represents good HRQoL for functional domains, and a low score 

presents a low degree of symptoms for symptom domains. The EORTC QLQ-C30 has been validated in 

patients with MM by Wisloff et al, 1996 (98). The instrument has been found to be reliable for all multi-

item scales, except for role functioning (Cronbach α of 0.54 - 0.59) and the mean scores for nausea and 

vomiting, dyspnoea, insomnia, appetite loss, constipation and diarrhoea were found to be substantially 

low. In terms of validity, a strong association was found between World Health Organization performance 

status and physical and role functioning, fatigue and pain. In addition, the instrument was found to have 

good responsiveness and be sensitive to changes in the patients´ clinical status over time (98). 

EORTC QLQ-MY20 

EORTC QLQ-MY20 consists of 20 items and four domains: two functional domains (future perspective and 

body image) and two symptom domains (disease symptoms and side effects of treatment) (96, 97). The 

module is administrated in addition to the EORTC QLQ-C30 questionnaire and all domains, except for body 

image, are multi-item domains. A high score represents good HRQoL for functional domains, and a low 

score represents a low degree of symptoms for symptom domains. The questionnaire is validated in 
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patients with MM and found with acceptable reliability for all three multi-item domains (Cronbach α of 0.7 

- 0.82).  

 

Other PRO instruments validated for MM patients is the EORTC Quality of Life Questionnaire high-dose 

chemotherapy and Functional Assessment of Cancer Therapy anaemia questionnaire (95). A detailed 

description of PRO instruments validated for MM patients can be found elsewhere (95, 101, 102).  

Limitations in existing literature 

Evidence-based knowledge of HRQoL during and after the variety of treatment regimens available for MM 

is an important part of clinical decision-making of myeloma patients. Therefore, longitudinal HRQoL 

evaluation has become an increasingly used endpoint in clinical trials with MM patients to assess risks and 

benefits of anti-myeloma therapies. A systematic review of published longitudinal HRQoL studies of 

patients with MM and an analysis of results for use in clinical decision-making has not been performed yet. 

 

Measurement and interpretation of longitudinal HRQoL data   

Measurement and interpretation aspects of longitudinal PRO data, relevant for the thesis will be presented 

here, including minimal important difference, missing PRO data and response shift. 

 

Minimal important difference 

For interpretation of PRO data results from clinical trials, a statistically significant change in HRQoL score is 

not necessarily important or even detectable to the patient and therefore not suitable for clinical decision-

making. A minimal important difference (MID) is considered more relevant (103-105). Thirty years ago, in 

1989, Jaeschke et al. defined minimal clinically important difference (106).  

“The minimal clinically important difference can be defined as the smallest difference in score in the domain 

of interest which patients perceived as beneficial and which would mandate, in the absence of troublesome 

side effects and excessive cost, a change in the patients´ management”.  

Several terminologies and definitions of MID have been used since clinically important difference was 

defined for the first time by Guyatt et al. in 1987 (104, 107). MID thresholds can be used to interpret 

clinically relevant difference between groups and clinically meaningful change within a group.  

Clinically meaningful change 

Approaches to determine MID can be categorized as anchor based, distribution based, a combination of 

anchor and distribution based (103, 108). For distribution based MIDs, the statistical distribution of the 

results obtained from a given cohort of patients is used, termed minimal detectable change, whereas in 

anchor based MIDs, an external criterion or “anchor” is used to compare the outcomes measured, termed 

minimal important change (104, 109). Since distribution based MIDs do not consider the patients´ or 

clinicians´ perspective, they have been recommended to be used as supportive evidence to anchor based 

MID (109, 110). Here, the thresholds for clinically meaningful change within group, which we use in this 

thesis, will be presented.  

Distribution based MIDs 
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Cohen´s effect size for interpretation of magnitude of change in EORTC QLQ-C30 domain scores is based on 

the standard deviation (SD) of the mean score at baseline for the studied group (effect size x SD (baseline)) 

(111). Cohen suggested that an effect size of 0.2-0.5 represents a small group change, effect size of 0.5-0.8 

represents a medium change, and an effect size of > 0.8 represents a large change (111). The validity of the 

medium effect size thresholds has been studied for different instruments, including for EORTC QLQ-C30 

and has been found to be a suitable MID threshold for HRQoL in most circumstances, named Norman´s rule 

of thumb (112).    

Standard error of measurement is adapted from the psychometric property of a PRO scale reliability (r). The 

SEM estimate of SEM=SD√1 − 𝑟 can been used to calculate the MIDs for clinically meaningful change 

within groups (113, 114). The r is also a value for internal consistency and is estimated by Cronbach´s α 

formula. Cronbach α is depended on the number of items in the multi-item domain and the sample size. 

Therefore, the SEM based MIDs can only be calculated for multi-item domains (68, 94). 

Anchor based MIDs 

Kvam et al. used 2010 an anchor based method to define clinically meaningful score changes for four 

domains of the EORTC QLQ-C30 instrument in patients with MM: physical function, global QoL, fatigue and 

pain (115). Estimation of the MIDs was based on scores from 239 patients in different stages of MM. The 

patients in the study completed the questionnaire at baseline (T1) and after 3 months (T2). MIDs were 

assessed using three different approaches: An anchor based method with the addition of a global rating of 

change (GRC) question on patients´ perception of their change in QoL (the anchor MIDs), a method using 

receiver-operating characteristics, and a method based solely on the effect size of answers at baseline. The 

single GRC question used was whether the patient had noted improvement, no change or deterioration in 

QoL at T2. The MIDs were calculated for each of the four domains by applying the mean score changes 

from T1 to T2 among patients reporting improved or deteriorated QoL. The results suggested that the size 

of MID in MM patients may be affected by the direction of change and the domain. In conclusion, a general 

effect size of 0.3-0.5, which relates to a MID of 6-17 points, was found to be appropriate for the four 

domains investigated. In this thesis, these thresholds will be referred to as Kvam’s MID criteria.  

Cocks et al. established in 2012 guidelines to interpret changes in scores for the domains of the EORTC 

QLQ-C30 instrument. They estimated MIDs for the domains based on a literature review and data from 

patients with different cancer types (116). The authors used a meta-analytic technique combined with 

blinded expert opinions. The expert panel review consisted of health care professionals with experience in 

treatment of patients with cancer and the use of EORTC QLQ-C30 instrument (116, 117). They were asked 

to make a judgement on the relative size of the change over time, according to four levels of magnitude: 

large, medium, small and trivial deterioration or improvement. A large change was “an obvious and 

unequivocally clinically meaningful change”, and medium changes was “likely to be clinically meaningful but 

to a lesser extent”. Small changes indicated “a subtle, but nevertheless clinically meaningful change”, and a 

trivial change was “unlikely to be clinically meaningful, or there was no difference”. In this thesis, these 

thresholds will be referred to as guideline of Cocks. 

Limitations of the existing literature  

Anchor based and distribution based MID thresholds are available for the EORTC QLQ-C30 questionnaire, 

and only distribution based MID for the EORTC QLQ-MY20 instrument. Four anchor based MIDs established 
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by the GRC method of the MM patients´ perception of clinically meaningful change are available in the 

Kvam´s MID criteria. Limitations of the GRC method have been stated as; implicit theory of change, 

response shift, recall bias and that it is based on an invalidated single-item question (104, 118-123). 

Therefore, it is unknown, whether Kvam´s MID criteria or other MIDs are suitable for determination of 

clinical meaningful treatment effect on HRQoL in all patients with MM.  

Missing PRO data 

Missing data in clinical trials is an ongoing challenge in clinical research, and stated as one of the reasons 

for researchers not being able to draw definitive conclusions from the results (124-126). Missing PRO data 

can lead to a variety of problems, such as loss of study power and precision (127, 128). If the reason for 

missing PRO data is related to the patient’s poor health status and not handled appropriately, missing PRO 

data may lead to biased results (129-132). Strategies to reduce missing PRO data should be integrated into 

the study design, protocol and data collection procedures as well as handled by appropriate statistical 

methods (127-129, 133-135). 

Missing PRO data can be divided by causes and patterns; missing items, partial responses, complete non-

responses (NR), intermittent NR and monotone NR (126). Partial responses are a partially completed 

questionnaire and a missing item is one missing answer to one question in a questionnaire. Missing items 

can be handled by the “Half-scale rule”, if at least half of the items from a multi-item domain have been 

answered (100, 136). NR is a fully missing scheduled questionnaire and can be subdivided into; monotone 

(terminal), intermittent or mixed pattern. Monotone NR occurs when the scheduled questionnaires are 

completed until at a time, for example, when the patient drops out. Intermittent NR is when one or more 

NR are seen between completed questionnaires, and a mixed pattern is a combination of intermittent 

pattern until monotone NR occurs (137). 

Three different missing data mechanisms have been described (138): “Missing completely at random” 

(MCAR) is, for example, if staff forgets to give the questionnaire to the patient. “Missing at random” (MAR) 

is, for example, if a specific subgroup of patients with similar outcomes e.g. poorer PRO scores has a higher 

proportion of NR. “Missing not at random” (MNAR) is, for example, if the PRO assessments are likely to be 

missed when patients are experiencing adverse events or complications, and are therefore termed “non-

ignorable” or “informative” (128, 135). 

Limitations of existing literature 

The magnitude of NR in longitudinal HRQoL studies of patients with MM is unexplored. Therefore, the 

extent of this challenge in existing evidence-based knowledge of HRQoL in MM is unknown. Also, it has not 

previously been investigated which practical tools that are able to reduce NR to scheduled questionnaires 

in patients with MM.   

Response shift 

Deviated from the “Conception Models of QoL” stating that QoL is not a stable concept over time (71, 72, 

139), Sprangers and Schwartz in 1999 described the phenomenon, “response shift”(140). The working 

definition refers to “a change in the meaning of one´s self-evaluation of a target construct”. Response shift 

is a result of 1) a change in internal standards (recalibration), 2) a change in values (i.e. the importance of 

component domains constituting the target construct) or 3) a redefinition of the target construct 
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(reconceptualization) (120, 140). As a part of this model, response shift effect is initiated by a “catalyst”, 

which is a relevant change in life or health e.g. being diagnosed with cancer (120). 

In the concept of response shift it is explained why QoL might mean different things at different time points 

to the same person, since an accommodation and adaption to a change in life that might occur. Response 

shift has been recognized in the trajectory of several chronic illnesses including cancer and MM (141-147). 

Longitudinal PRO results might be incorrectly interpreted if response shift is not considered as implicated in 

the patients´ change in score over time (122, 148-152). 

To be able to understand the phenomenon, adequate descriptions of inter- and intra-individual differences 

in QoL appraisal have been found to be fundamental (153). With linkage to this dynamic aspect of response 

shift, Rapkin and Schwartz in 2004 developed “The Theoretical model of QoL Appraisal” (153). The model 

includes four key parameters of appraisal;  

 “Frame of reference” referring to the experiences individuals deem relevant to their response. 

 “Sample of experiences” referring to inclusion of a sample of specific experiences within their 

frame of reference relevant for the response. 

 “Standards of comparison” referring to the chosen sample of experiences to compare against 

when giving a response. 

 “Combinatory algorithm” referring to the process summarizing the evaluation of relevant 

experiences and formulates a response.  

Methods to detect response shift have been developed and include prospective interview methods or 

secondary statistical methods (121, 122, 154, 155). Barriers for not integrating response shift measurement 

into clinical trials are that existing methods are cumbersome to administer, score, analyse and with 

limitations (121-123, 156). Recently, a practical, low resource-intensive version of the QoL Appraisal Profile 

of 23 close-ended items to assess QoL appraisal has been developed, called the “Brief Appraisal Inventory” 

(BAI) (157-159). The use of BAI in future longitudinal HRQoL research will determine if BAI can detect 

response shifts over time (159).   

Limitations of existing literature 

Response shift in patients with MM were investigated as part of the same study where the Kvam´s MID 

criteria were estimated (160). A clear indication of response shift existence was seen with impact the size of 

MID thresholds, especially for MID thresholds for deterioration. However, at present response shift 

adjusted MID thresholds are limited by the used method of the GRC method, which may also be more 

strongly associated with the appraisal process, than by a change in HRQoL (161). QoL appraisal processes in 

MM are unexplored, and a possible linkage between MID and QoL appraisal should be investigated further 

before integration into thresholds to determine clinically meaningful treatment effects on HRQoL. 
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Hypothesis of the thesis 
The overall hypothesis was that PROs are valuable tools for assessing clinically meaningful treatment 

effects on HRQoL from the MM patients´ perspective in spite of methodological challenges in longitudinal 

PRO data measurement, analyses and interpretation.  

Aims of the thesis 

Part 1 and 2 

The overall aim of part 1 and 2 was to determine if the EORTC QLQ-C30 and EORTC QLQ-MY20 

questionnaires do capture clinically meaningful treatment effects on HRQoL from the MM patients´ 

perspective during first-line and relapse anti-myeloma regimens.  

 

Part 1. Systematic review of longitudinal HRQoL studies in multiple myeloma patients (Paper I) 

 Through previously published longitudinal HRQoL studies in MM to determine clinically meaningful 

treatment effects on global QoL, physical functioning, fatigue and pain during first line and relapse 

anti-myeloma regimens. (Study I) 

Part 2. Clinical trials with multiple myeloma patients during first line therapies (Paper II and III) 

 To determine clinically meaningful treatment effects on HRQoL during four first line treatment 

regimens from two clinical trials (Study II and III) and relate them to findings of study I.  

Part 3 

The aim of part 3 was to investigate the magnitude of NR and to propose and evaluate tools to minimise 

intermittent NR in longitudinal PRO studies of patients with MM. 

Part 3. Non-responses in longitudinal PRO studies of multiple myeloma patients (Paper IV and V) 

 To analyse the magnitude of intermittent and monotone NR in the studies identified in study I, II 

and III (Study IV). 

 To determine the effect of implemented strategies in the study design, conduct and procedures to 

reduce intermittent NRs (Study V). 
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Part 1. Systematic review of longitudinal HRQoL studies in multiple myeloma 

patients (Study I) 

 

Methods 

A literature search was performed in May, 2016 to identify all previously published longitudinal HRQoL 

studies of patients with MM. A summary of the methods and the main findings is provided in this section of 

the thesis. Further description and full results can be found in Paper I.  

 

A systematic search was performed in PubMed, Embase, PsycINFO and CINAHL, using the following search 

terms: Multiple Myeloma or Myelomatosis and Quality of life or Life quality. Qualified publications were 

studies of patients diagnosed with MM, using a longitudinal design and the EORTC QLQ-C30 instrument and 

which presented data for at least one of the following domains; physical function, global QoL, fatigue or 

pain. A prerequisite for inclusion was that baseline data and at least one follow-up evaluation were 

presented. The included studies were divided into first line and relapse treatment studies and others. For 

the four HRQoL domains (physical functioning, global health status, fatigue and/or pain), the mean change 

from baseline was calculated for every follow-up time point by subtracting the mean score at follow-up 

time point from the mean score at baseline. The size of every calculated mean change from baseline for 

each domain was interpreted according to Kvam’s MID criteria (115). 

 

Results  

Twenty-three publications were eligible for the systematic review, corresponding to 11 first line treatment 

studies and seven relapse treatment studies and five others. The 18 first line and relapse studies are 

presented in table 1. An extended version with all identified publications can be found in paper I, with 

presentation of number of patients at baseline, mean age and mean baseline score for global QoL, physical 

functioning, fatigue and pain, number of follow-ups and time of last HRQoL assessment time point. The 

patient reported range of mean change of score from baseline for global QoL and physical functioning, 

fatigue and pain are presented in figure 2 for the 11 first line treatment and seven relapse studies included 

in the systematic review. 

First-line treatment studies  

The patients report clinically meaningful improvement in global QoL, physical functioning and pain 

reduction, except for the group of patients receiving melphalan-prednisolone-placebo and placebo 

maintenance, who did not report clinically meaningful pain reduction (162). Only some treatment regimens 

led to reporting of clinically meaningful improvement in fatigue, which was the case for patients treated 

with induction and HDT, the historical control group, pamidronate 30 or 90 mg and melphalan-

prednisolone with or without the addition of interferon α2 or thalidomide (163-167).   

Relapse treatment studies 

Most relapse regimens led to unchanged global QoL, physical functioning, fatigue and pain. An exception 

from this was for pain during thalidomide monotherapy, which lead to reporting of clinically meaningful 

improvement. Clinically meaningful deterioration was reported during four regimens, which were in 

patients receiving dexamethasone monotherapy, bortezomib both with and without dexamethasone, who 
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reported clinically meaningful deterioration in global QoL, and the patients receiving high dose 

dexamethasone, who reported deterioration in fatigue (88, 168, 169).  

Table 1. Eighteen of the 23 studies included in the systematic review were either primary or relapse studies. The 

design of the 18 studies was five phase II trials, 12 phase III trials and one evaluation study. Thirteen studies were 

randomized clinical trials of which four were double-blinded and three were placebo-controlled. 

Author and  
year of publication  

Study design  Treatment regime 

 

First line treatment studies  
   

Delforge et al. 2015 (170) 
FIRST trial 

Randomized phase III study  Lenalidomide-dexamethasone vs. 
Melphalan-prednisolone-thalidomide 

Dimopoulos et al. 2013 (162) 
MM-015 study 

Three-armed randomized 
double-blind placebo-
controlled phase III study 

Melphalan-prednisolone-lenalidomide and lenalidomide maintenance vs. 
Melphalan-prednisolone-lenalidomide and placebo maintenance vs. 
Melphalan-prednisolone-placebo and placebo maintenance 

Ludwig et al. 2013 (171) Randomized open-label phase II 
study  

Bortezomib-thalidomide-dexamethasone + HDT vs. 
Bortezomib-thalidomide-dexamethasone-cyclophosphamide + HDT 

Etto et al. 2011 (166) Phase II study1  Induction therapy and HDT 

Delforge et al. 2012 (172) 
VISTA trial 

Randomized phase III study  Bortezomib-melphalan-prednisolone vs. 
Melphalan-prednisolone 

Verelst et al. 2011 (173) 
HOVON 49 

Randomized phase III study Melphalan-prednisolone-thalidomide and thalidomide maintenance2 
vs. melphalan-prednisolone 

Gimsing et al. 2010 (174) Randomized double-blind 
phase III trial 

Pamidronate 30 mg vs. pamidronate 90 mg 

Waage et al. 2010 (163)  Randomized double-blind 
placebo-controlled phase III 
study  

Melphalan-prednisolone-thalidomide and thalidomide maintenance2 
vs. melphalan-prednisolone placebo and placebo maintenance2 

Gulbrandsen et al. 2001 (167) Evaluation, phase II trial VAD induction therapy and HDT vs. 
Historical control group 

Wisloff et al. 1996 (175) 
NMSG 4/90 

Evaluation study Evaluation group 

Wisloff et al. 1996 (176) 
NMSG 4/90 

Randomized phase III study Melphalan-prednisolone vs. 
Melphalan-prednisolone-Interferon-α2 and Interferon-α2 maintenance2 

 

Relapse treatment studies   
Moreau et al. 2016 (58) 
TOURMALINE-MM1 

Randomized, double-blind, 
placebo-controlled, phase III 
trial  

Ixazomib-lenalidomide-dexamethasone vs. 
Placebo-lenalidomide-dexamethasone 

Stewart et al. 2015 (59) 
ASPIRE trial 

Randomized phase III study Carfilzomib-lenalidomide-dexamethasone vs. 
Lenalidomide-dexamethasone 

Song et al. 2015 (169) 
MM-003  

Randomized phase III study Pomalidomid-low dose dexamethasone vs. 
High dose-dexamethasone 

Hjorth et al. 2012 (56) 
NMSG 17/07 

Randomized phase III study3 Thalidomide-dexamethasone vs. 
Bortezomib-dexamethasone 

Lee et al. 2008 (168) 
APEX study 

Randomized phase III study 
 

Bortezomib vs. 
Dexamethasone monotherapy 

Dubois et al. 2006 (88) 
SUMMIT study 

Open-label phase II study Bortezomib  
 

Waage et al. 2004 (55) 
 

Phase II study Thalidomide  

HDT; High-dose therapy with autologous stem cell support, VAD; vincristine-doxorubicin-dexamethasone. 1The patients at follow-up are not all of 

them the same as at diagnosis. 2The patients continued maintenance/placebo or observation after plateau phase of the M component. 3Cross-over 

at treatment failure. 
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Figure 2. Patient-reported range of mean change of score from baseline for global quality of life, physical functioning, fatigue and pain. A. Represents 

the 11 included first-line treatment studies. B. Represents the seven relapse treatment studies. 

Rd; lenalidomide-dexamethasone, MPT; melphalan-prednisolone-thalidomide, MPR-R; melphalan-prednisolone-lenalidomide followed by lenalidomide maintenance, 
MPR-placebo; MPR-placebo; melphalan-prednisolone-lenalidomide followed by placebo maintenance, MP-placebo-placebo; melphalan-prednisolone-placebo 
followed by placebo maintenance, VTD; bortezomib-thalidomide-dexamethasone, VTDC; bortezomib-thalidomide-dexamethasone-cyclophosphamide, HDT; high dose 
therapy with stem cell support; MP; melphalan-prednisolone, MPV; melphalan-bortezomib-prednisolone, VAD; vincristine-doxorubicin-dexamethasone, MPT-T; 
melphalan-prednisolone-thalidomide followed by thalidomide maintenance
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Part 2. Clinical trials with multiple myeloma patients during first line therapies 

(Study II and III) 

 

Methods 

The aims of part 2 were to determine clinically meaningful treatment effects on HRQoL of four regimens 

from two clinical trials and relate the results to findings of the studies identified in study I. 

In brief, study II, the HOVON87/NMSG18 study, was a multicentre, randomized phase III study with 

inclusion of HDT non-eligible NDMM patients with symptomatic disease. The patients were randomized 

between nine cycles of melphalan-prednisolone-thalidomide followed by thalidomide maintenance (MPT-

T) or nine cycles of melphalan-prednisolone-lenalidomide followed by lenalidomide maintenance (MPR-R) 

(177). A detailed description of the HOVON87/NMSG18 HRQoL study and statistical analysis method can be 

found in paper II. 

Study III, the CLAIM study, was a Danish randomized double-blind, placebo-controlled phase II study with 

inclusion of HDT eligible NDMM (178). The patients were randomized between addition of clarithromycin 

500 mg p.o. or placebo twice daily for 63 days during bortezomib-cyclophosphamide-dexamethason (VCD) 

induction treatment with subsequent HDT (179). A detailed description of the CLAIM HRQoL study and 

statistical methods can be found in paper III.    

HRQoL was a secondary explorative endpoint in study II and III protocols. The patients in both studies 

completed the EORTC QLQ-C30 with addition of the EORTC QLQ-MY20 questionnaire at baseline and 

prescheduled follow-up time points.  

Interpretation of clinically meaningful treatment effects on HRQoL 

Clinically meaningful treatment effects for global QoL, physical functioning, fatigue and pain were 

determined according to Kvam’s MID criteria, since they are MM patient-derived ratings of change (115). 

For the remaining 11 EORTC QLQ-C30 domains without threshold defined by Kvam’s MID criteria, the 

medium MID threshold defined by guidelines of Cocks were used, since the thresholds rely on cancer 

clinicians´ perspective of change. (116). The reason for choosing medium thresholds is when comparing the 

thresholds for a small change defined by guidelines of Cocks towards thresholds of Kvam’s MID criteria, a 

small change was evaluated as no clinically meaningful change to patients with MM (180). There is no 

established anchor based MID thresholds for the domains of EORTC QLQ-MY20, therefore the three multi-

item domains of EORTC QLQ-MY20 were interpreted according to SEM based MID thresholds (113, 114). 

For the single-item domain of body image, an effect size of 0.5 was used, which is adapted from the general 

finding of Kvam’s MID criteria of a moderate effect size being clinically meaningful to patients with MM and 

Normans´ rule of thumb (112).   

Kvam’s MID criteria, guidelines of Cocks and the distribution based MID described above were used to 

relate the results from study II and III to the results for the studies identified in study I. Domains captured 

by EORTC QLQ-MY20 domains were published in two studies of Delforge et al. (170) and Dimopoulos et al. 

(162). The SEM based MID thresholds were calculated in the study of Dimopoulos et al. for disease 

symptoms (MID= -10) and side effects of treatment (MID= -6) and used in both. The medium MID threshold 
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of guideline of Cocks could not be evaluated for financial difficulties, and therefore the findings of this 

domain were not related to the findings from study I. 

Results  

The mean changes of score from baseline for the four first line regimens investigated in study II and III are 

presented in table 2. In Figure 3 A-E, the published domains of EORTC QLQ-C30 and EORTC QLQ-MY20 from 

the first line regimens of study I, II and III are gathered. Below is a description of differences and similarities 

in clinically meaningful treatment effects on HRQoL from study II and III compared to the findings of from 

study I. The distribution based MIDs used for the EORTC QLQ-MY20 domains of study II and III are 

presented in Table 3.  

Global QoL, physical functioning, fatigue and pain 

In global QoL, the patients in the MPT-T and MPR-R group reported clinically meaningful improvement, 

which is similar to the general reporting during the first line regimens in study I. However, this is in contrast 

to the patients treated with placebo or clarithromycin added to VCD induction and HDT, who reported 

unchanged global QoL, which was also reported during only one regimen in study I; the bortezomib-

thalidomide-dexamethasone-cyclophosphamide induction therapy followed by HDT.  

In physical functioning, the patients receiving clarithromycin added to VCD and HDT reported unchanged 

physical functioning, which is in contrast to the other patients treated with in first line. The patients in the 

MPT-T and MPR-R and the group of patients treated with placebo added to VCD induction and HDT 

reported clinically meaningful improvement, similar to the general reporting during the regimens of study I.  

The patients treated with clarithromycin or placebo added to the VCD induction and HDT reported clinically 

meaningful increased fatigue, in contrast to the patients treated by other first line regimen, where either 

unchanged or reduced fatigue was reported. Clinically meaningful reduction in fatigue was reported by the 

patients treated with MPT-T. The patients from study II and III reported clinically meaningful reduction in 

pain in line with general findings in study I.  

The remaining 11 EORTC QLQ-C30 domains  

The patients treated with the drug combinations, investigated in study III, reported unchanged role 

functioning, which is similar to the patients treated with MPV as part of the VISTA study (172) and MPT-T as 

part of the study of Waage et al. (163). However, this is in contrast to the general reporting of clinically 

meaningful improvement in role functioning and also in contrast to the reportings of improved role 

functioning during the regimens investigated in study II. Of the patients treated in study II and III, only the 

patients treated with placebo added to VCD induction and HDT reported unchanged emotional functioning, 

which is similar to four out of 12 regimens in study I. The patients in study II and III reported unchanged 

cognitive functioning, which was similar to eight out of 12 regimens in study I. The patients treated with 

clarithromycin added to VCD induction and HDT reported decreased social functioning, which was in 

contrast to the patients treated with placebo added to VCD induction and HDT, where unchanged social 

functioning was reported. Clinically meaningful improvement in social functioning was the general finding 

in study I and also in study III.  
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Table 2. Mean change of scores from baseline and 95% confidence intervals for the domains of EORTC QLQ-C30 and EORTC QLQ-MY20 reported by 

the patients in study II and III. Green figures refers to a clinically meaningful, positive treatment effect and red figures refers to a clinically meaningful, 

negative treatment effect on HRQoL. 

MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-prednisone-lenalidomide induction and lenalidomide maintenance 

therapy, T; thalidomide maintenance, R; lenalidomide maintenance, VCD; bortezomib-cyclophosphamide-dexamethasone, HDT; high dose therapy with stem cell support, *Statistically 

significant time effect, further details can be found in paper III. 

HRQoL domains MPT-T MPR-R Clarithromycin added 
to VCD induction 

Placebo added to VCD 
induction 

After 3 
MPT cycles 

After 9 
MPT cycles 

After 6 
months T 

After 12 
months T 

After 3 
MPR cycles 

After 9 
MPR cycles 

After 6 
months R  

After 12 
months R 

Before 
priming 

Two months 
after HDT 

Before 
priming 

Two months 
after HDT 

EORTC QLQ-C30              
Global quality of life 5.6 

(2.5;8.7) 
7.9 

(4.6;11.2) 
13.0 

(8.2;17.7) 
13.4 

(7.3;19.6) 
4.1 

(1.2;7.1) 
8.5 

(5.3;11.7) 
14.8 

(11.2;18.4) 
14.8 

(10.7;19.0) 
-10.1  

(-22.2;2.0) 
-0.5  

(-14.2;13.2) 
6.1 

(-3.9;16.0) 
4.4  

(-8.0;16.8) 

Physical functioning 3.2 
(0.31;6.0) 

6.5 
(3.5;9.6) 

8.9 
(4.6;13.3) 

6.5 
(0.9;12.2) 

1.8 
(-0.56;4.2) 

6.1 
(3.5;8.8) 

9.4 
(6.5;12.4) 

12.4 
(9.0;15.8) 

-0.8 
(-9.4;7.8) 

-1.0  
(-11.3;9.2) 

7.0 
(0.0;14.0) 

5.1 
(-4.1;14.2) 

Role functioning 3.4 
(-1.1;7.9) 

10.7 
(5.9;15.5) 

14.7 
(7.9;21.5) 

12.4 
(3.5;21.3) 

3.1 
(-0.81;7.0) 

7.7 
(3.5;12.0) 

17.5 
(12.6;22.3) 

19.5 
(13.9;25.0) 

-10.1 
(-24.7;4.6) 

-6.4 
(-21.3;8.5) 

4.4 
(-7.3;16.1) 

9.1 
(-4.1;-22.3) 

Emotional functioning 3.1 
(0.34;5.8) 

7.6 
(4.6;10.6) 

10.6 
(6.4;14.8) 

9.1 
(3.7;14.6) 

7.7 
(5.2;10.3) 

7.8 
(5.1;10.6) 

13.1 
(10.0;16.3) 

12.4 
(8.8;15.9) 

-3.4 
(-12.7;6.0) 

13.0 
(4.6;21.6) 

3.9 
(-3.5;11.4) 

8.2 
(0.7;15.7) 

Cognitive functioning -2.4 
(-5.3;0.53) 

-1.7 
(-4.8;1.4) 

0.9 
(-3.5;5.3) 

-3.2 
(-9.0;2.6) 

4.0 
(1.4;6.6) 

2.8 
(0.0;5.6) 

5.7 
(2.5;8.9) 

4.1 
(0.4;7.7) 

-2.2 
(-12.9;8.6) 

-0.1 
(-12.6;12.3) 

-0.1 
(-8.7;8.4) 

-4.3 
(-15.2;6.7) 

Social functioning -0.8 
(-4.7;3.1) 

3.7 
(-0.56;7.9) 

12.9 
(6.9;18.8) 

14.6 
(6.8;22.4) 

0.1 
(-0.34;3.6) 

5.6 
(1.8;9.4) 

11.4 
(7.1;15.7) 

12.2 
(7.2;17.1) 

-14.3 
(-25.7;-3.0) 

-9.4 
(-22.7;4.0) 

-0.8 
(-9.8;8.2) 

-2.9 
(-14.7;9.0) 

Fatigue -4.4 
(-7.8;-1.0) 

-7.7 
(-11.4;-4.1) 

-12.6 
(-17.7;-7.4) 

-13.8 
(-20.5;-7.1) 

0.6 
(-2.6;3.8) 

-2.1 
(-5.6;1.4) 

-8.9 
(-12.8;-4.9) 

-11.3 
(-15.8;-6.7) 

16.0 
(3.5;28.4) 

10.5 
(-2.0;23.0) 

9.4 
(-1.1;19.8) 

8.7 
(-2.5;19.8) 

Nausea and vomiting -2.1 
(-4.5;0.32) 

-5.3 
(-7.9;-2.8) 

-5.9 
(-9.5;-2.2) 

-4.6 
(-9.3;0.2) 

-0.7 
(-2.8;1.5) 

-3.5 
(-5.9;-1.2) 

-4.6 
(-7.2;-1.9) 

-4.1 
(-7.1;-1.0) 

-5.4 
(-12.1;1.4) 

3.1 
(-7.1;13.3) 

-0.6 
(-6.3;5.2) 

1.1 
(-8.0;10.1) 

Pain -22.7 
(-26.8;-18.7) 

-21.1 
(-25.4;-16.7) 

-23.0 
(-29.1;-16.9) 

-23.7 
(-31.7;-15.7) 

-13.2 
(-16.8;-9.6) 

-19.0 
(-22.9;-15.1) 

-23.9 
(-28.4;-19.5) 

-24.5 
(-29.6;-19.4) 

-10.8 
(-25.2;3.7) 

-19.7 
(-34.7;-4.7) 

-13.0 
(-24.8;-1.2) 

-21.5 
(-35.0;-7.9) 

Dyspnoea 0.22 
(-3.9;4.3) 

2.5 
(-1.9;6.9) 

-5.4 
(-11.7;0.8) 

-2.9 
(-11.1;5.2) 

4.5 
(0.9;8.0) 

3.0 
(-0.8;6.9) 

-4.7 
(-9.1;0.3) 

-3.8 
(-8.9;1.2) 

9.8 
(-5.0;24.5) 

5.0 
(-9.8;19.6) 

8.0 
(-4.1;20.0) 

9.1 
(-4.2;22.2) 

Insomnia -16.0 
(-19.9;-12.1) 

-11.3 
(-15.4;-7.1) 

-14.2 
(-20.1;-8.3) 

-16.5 
(-24.2;-8.8) 

-6.0 
(-9.4;-2.6) 

-7.8 
(-11.5;-4.1) 

-11.1 
(-15.2;-6.9) 

-9.5 
(-14.3;-4.7) 

15.3 
(-2.6;32.7) 

-2.4 
(-18.2;13.4) 

4.7 
(-9.2;18.6) 

-15.7 
(-29.8;-1.6) 

Appetite loss -5.2 
(-9.5;-0.88) 

-7.4 
(-12.0;-2.7) 

-17.0 
(-23.6;-10.5) 

-17.3 
(-25.8;-8.8) 

1.0 
(-3.1;5.2) 

-3.5 
(-8.1;1.0) 

-13.4 
(-18.5;-8.3) 

-10.0 
(-15.9;-4.1) 

6.3 
(-5.9;18.4) 

18.3 
(-0.3;36.8) 

2.6 
(-6.9;12.1) 

10.4 
(-6.1;26.8) 

Constipation 9.1 
(4.6;13.6) 

4.6 
(-0.27;9.4) 

3.8 
(-3.0;10.6) 

3.3 
(-5.6;12.1) 

0.3 
(-3.7;4.3) 

-3.4 
(-7.8;1.0) 

-8.5 
(-13.5;-3.6) 

-6.9 
(-12.5;-1.2) 

-2.9* 
(-20.6;14.8) 

-25.0* 
(-36.5;-13.5) 

2.7* 
(-11.7;17.1) 

-15.6* 
(-26.3;-4.9) 

Diarrhoea -4.2 
(-7.2;-1.3) 

-5.0 
(-8.2;-1.7) 

-5.0 
(-9.6;-0.5) 

-3.2 
(-9.1;2.7) 

3.6 
(0.0;7.2) 

7.6 
(3.7;11.5) 

7.4 
(3.0;11.7) 

11.1 
(6.0;16.1) 

2.3 
(-10.7;15.3) 

18.5* 
(3.8;33.2) 

8.9 
(-1.2;19.0) 

13.9* 
(0.9;26.9) 

Financial difficulties -0.0 
(-2.2;2.1) 

1.1 
(-1.2;3.4) 

0.30 
(-3.0;3.6) 

-2.6 
(-6.8;1.7) 

0.9 
(-1.0;2.7) 

1.0 
(-1.1;3.0) 

1.2 
(-1.1;3.5) 

0 
(-2.7;2.6) 

-1.4 
(-8.9;6.2) 

-5.4 
(-11.5;0.8) 

-3.4 
(-9.3;2.6) 

-0.1 
(-5.4;5.3) 

EORTC QLQ-MY20             

Disease Symptoms -11.1 
(-13.6;-8.6) 

-8.9 
(-11.6;-6.2) 

-9.1 
(-12.9;-5.4) 

-9.1 
(-14.0;-4.1) 

-8.0 
(-10.4;-5.6) 

-8.7 
(-11.3;-6.0) 

-9.6 
(-12.6;-6.7) 

-10.0 
(-13.4;-6.6) 

-7.4 
(-15.5;0.7) 

-18.3 
(-28.9;-7.6) 

-14.5 
(-21.2;-7.8) 

-14.4 
(-24.1;-4.7) 

Side effects of treatment 4.5 
(2.6;6.4) 

3.8 
(1.8;5.9) 

1.8 
(-1.1;4.6) 

2.7 
(-1.0;6.4) 

1.1 
(-0.6;2.8) 

-0.6 
(-2.4;1.3) 

-3.7 
(-5.8;-1.6) 

-2.5 
(-4.9;-0.1) 

11.8 
(5.5;18.1) 

15.9 
(7.9;23.8) 

6.7 
(1.7;11.6) 

14.3 
(7.1;21.4) 

Future Perspective 8.1 
(5.3;10.8) 

13.1 
(10.1;16.0) 

15.8 
(11.6;20.1) 

13.6 
(8.1;19.1) 

11.1 
(8.5;13.8) 

14.0 
(11.1;16.9) 

19.3 
(16.0;22.5) 

19.1 
(15.4;22.9) 

15.9 
(4.1;27.7) 

18.2 
(4.7;31.8) 

16.5 
(6.6;26.3) 

10.6 
(-1.4;22.6) 

Body Image 1.2 
(-2.6;5.1) 

-2.4 
(-6.6;1.7) 

-1.4 
(-7.3;4.5) 

1.6 
(-6.0;9.3) 

-1.5 
(-4.6;1.7) 

1.3 
(-2.2;4.8) 

3.5 
(-0.4;7.5) 

2.5 
(-2.0;7.1) 

-30.5 
(-45.3;-15.7) 

-18.9 
(-34.9;-3.0) 

-4.3 
(-15.9;7.3) 

-16.9 
(-31.0;-2.8) 
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Table 3. Calculated minimal important difference thresholds for clinically meaningful  

treatment effect for the four EORTC QLQ-MY20 domains of study II and III.  

EORTC QLQ-MY20 domain Study II Study III 
Disease Symptoms¹ 11.7 10.7 
Side Effects of Treatment¹ 8.3 6.8 
Future Perspective¹ 11.4 14 
Body Image² 14.4 15.9 

VCD; bortezomib-cyclophosphamide-dexamethasone, HDT; high dose melphalan, ¹multi-item domain, ²single item-domain. 

For the symptom domains, the patients with clarithromycin added to VCD induction reported clinically 

meaningful worsened insomnia and appetite loss, which is in contrast to the patients receiving other 

regimens, where either unchanged or reduced insomnia or appetite loss were reported. The patients 

treated in study II or III reported unchanged dyspnoea, nausea and vomiting, which is similar to the patients 

treated in other regimens. The patients treated with clarithromycin or placebo added to VCD induction and 

HDT reported reduction of constipation and increased diarrhoea. We found a statistically significant time 

effect for constipation and diarrhoea in study III. This means that the fact that patients received and 

completed the questionnaires earlier than two months after HDT had a significant impact on the mean 

score and the results from those two domains were inconclusive. The general reporting was unchanged 

constipation and diarrhoea during other regimens.  

The EORTC QLQ-MY20 domains  

Only two studies included in study I presented data from EORTC QLQ-MY20 (162, 170). The patients treated 

with all four regimens of study II and III reported clinically meaningful improvement in future perspectives, 

which is similar to the general reporting in future perspectives. The patients in study III reported clinically 

meaningful worsened side effects of treatment and body image, which is different compared to the other 

treatment regimens, where unchanged side effects of treatment and body image were reported. The 

patients in study III reported clinically meaningful reduction in disease symptoms, which was also the case 

for the patients treated with Rd (170) and MPR and planned lenalidomide maintenance (162).          
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Figure 3. (A-E) The patient-reported range of mean change of score from baseline for the presented 

domains of the 19 EORTC QLQ-C30 and EORTC QLQ-MY20 domains for the 25 first-line treatment regimens 

included in study I-III. The published domains of primary treatment regimens identified in the systematic 

review of study I are presented in grey, and the treatment regimens of study II and III are presented in 

colour. The direction of improvement is indicated with an arrow for each domain.  

VCD; bortezomib-cyclophosphamide-dexamethasone, HDT; high dose therapy with stem cell support; MPT-T; 
melphalan-prednisolone-thalidomide followed by thalidomide maintenance; MPR-R; melphalan-prednisolone-
lenalidomide followed by lenalidomide maintenance, Rd; lenalidomide-dexamethasone, MPT; melphalan-prednisolone-
thalidomide, MPR-placebo; melphalan-prednisolone-lenalidomide followed by placebo maintenance, MP-placebo-
placebo; melphalan-prednisolone-placebo followed by placebo maintenance, VTD; bortezomib-thalidomide-
dexamethasone, VTDC; bortezomib-thalidomide-dexamethasone-cyclophosphamide, MP; melphalan-prednisolone, 
MPV; melphalan-bortezomib-prednisolone, VAD; vincristine-doxorubicin-dexamethasone.



33 
 

Part 3. Non-responses in longitudinal HRQoL studies of multiple myeloma patients 

(Study IV and V) 

Non-responses to scheduled questionnaires in longitudinal HRQoL studies with multiple 

myeloma patients (Study IV) 

Methods 

The primary objective was to examine the magnitude of intermittent and monotone NR in the studies 

identified in study I, study II and III.  

In brief, we reviewed the previous research from study I-III with MM patients treated in first line or for 

relapsed disease and extracted data to calculate intermittent and monotone NR. After the systematic 

literature search for study I was performed, separate publications with additional HRQoL results from the 

ASPIRE and TOURMALINE-MM1 studies were published (181, 182). Those two publications were included in 

the data extraction process.  

The information extracted from the publications was 1) the number of participating patients from whom 

completed HRQoL assessments were expected at each scheduled HRQoL assessment time point, 2) the 

number of completed HRQoL assessments at each scheduled HRQoL assessment time point. In case the last 

published HRQoL follow-up time point was an end of study/treatment discontinuation assessment, the 

number of completed questionnaires at the former time point was used. Further details are to be found in 

paper IV.  

The magnitude of intermittent NRs was estimated by calculating the proportion of patients, who did not 

complete scheduled HRQoL assessments of those from whom a completed HRQoL assessment was 

expected. This was done for all HRQoL assessments time points and added to the rate of intermittent NRs. 

The magnitude of monotone NRs was estimated by calculating the proportion of incomplete HRQoL 

assessments at last HRQoL assessment, compared to the number of patients participating in the study.    

Results 

In Table 4, all extracted information from the 20 primary and relapse studies identified in study I and study 

II and III are gathered. Details can be found in paper IV.  

 

Magnitude of intermittent and monotone non-responses 

In eight out of the 20 studies, the information for calculating the intermittent NR rate for each patient 

group was presented and was between 2% and 22%. In 17 out of 20 studies, the information for calculating 

the proportion of monotone NR for each group of patients was presented and was between 27% and 99%.  
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Table 4. Magnitude of intermittent and monotone non-responses 

Study/author and  
year of publication  

Intermittent non-responses Monotone non-responses 

Total number 
of patients 

expected to 
complete PRO 

assessment 

Total number 
of completed 

PRO 
assessments 

Intermittent 
non-

responses 

Number of 
patients 

participating 
in HRQoL 

reportings at 
baseline 

Number of 
completed 

PRO 
assessments 

at last follow-
up¹ 

Monotone 
non-

responses 

 

First-line treatment studies  

Study II, paper II 
HOVON87/NMSG18 study 

904 and 1509 751 and 904 17% and 15% 298 and 2982 38 and 89 87% and 70% 

Study III, paper III 
CLAIM study 

68 and 87 57 and 78 16% and 10% 30 and 25 22 and 17 27% and 32% 

Delforge et al. 2015 (170) 
FIRST trial 

5166 and 2492 4743 and 2179 8% and 13% 1076 and 547³ 506 and 189 53% and 65% 

Dimopoulos et al. 2013 (162) 
MM-015 study 

NR NR - 152, 153 and 
154³ 

65, 56 and 653 57%, 63% and 
58% 

Ludwig et al. 2013 (171) NR NR - 46 and 46  29 and 26 37% and 43% 

Etto et al. 2011 (166) NR NR - 29  145 52% 

Delforge et al. 2012 (172) 
VISTA trial 

NR NR - 344 and 338 164 and 1363 52% and 60% 

Verelst et al. 2011 (173) 
HOVON 49 

NR NR - 149 and 135 NR - 

Gimsing et al. 2010 (174) NR NR - 252 and 252 164 and 1714 

at 12 months  
32% and 34% 

Waage et al. 2010 (163)  NR NR - NR NR6 - 

Gulbrandsen et al. 2001 (167) 1076 and 541  966 and 528 10% and 2% 274 and 120  72 and 38 74% and 68% 

Wisloff et al. 1996 (175) 
NMSG 4/90, cohort study 

2541 2055 19% 583 424 27% 

Wisloff et al. 1996 (176) 
NMSG 4/903, randomized 
study 

NR NR - 271 and 253 67 and 74 71% and 75% 

 

Relapse treatment studies   

Leleu et al. 2018 (182) 
TOURMALINE-MM1 

3242 and 3209 3007 and 2991 7% and 7% 360 and 360 7 and 27 98% and 99% 

Stewart et al. 2016 (181) 
ASPIRE trial 

1706 and 1556 1543 and 1351 10% and 13% 348 and 348 
 

227 and 148 35% and 57% 

Song et al. 2015 (169) 
MM-003  

NR NR - 289 and 144 51 and 63 82% and 96% 

Hjorth et al. 2012 (56) 
NMSG 17/07 

NR NR - 67 and 61 NR8 - 

Lee et al. 2008 (168) 
APEX study 

NR NR - 333 and 336 65 and 81 80% and 76% 

Dubois et al. 2006 (88) 
SUMMIT study 

NR NR - 202 1449  29% 

Waage et al. 2004 (55) 
 

153 120 22% 62 20 78% 

NR; not reported, 1In case of HRQoL measurement at study discontinuation, the number of completed questionnaires at the former time point is 
presented, unless another time point is specified, 2Participation in the HRQoL reportings was optional, 3Based on mean score of physical 
functioning. 4The number of questionnaires used for later follow-up time point evaluation is not reported, 5The patients at follow-up are not all the 
same as at diagnosis, 650% of the patients in the melphalan-prednisone-thalidomide arm and 62% of the patients in the melphalan-prednisone arm. 
The exact numbers could not be extracted, 7The results of the PRO data in the study was made at a specified cut-off date, and some patients were 
still in follow-up after, 829 vs. 29 patients were alive at the time of last follow-up. Study design with crossover at treatment failure, 9The change in 
PRO over time was assessed by comparing the change in scores according to clinical response between baseline and best endpoint.  
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Strategies to reduce intermittent non-responses in a longitudinal study of patients with multiple 

myeloma (Study V) 

Methods  

The aim was to determine the effect of implemented strategies in the study design, conduct and 

procedures to reduce intermittent NRs. 

The study design and data collection procedures for the ongoing population-based study of “Quality of life 

in Danish myeloma patients” is described in details in paper V. In brief, the study is a Danish multicentre, 

observational and primarily electronical survey. Treatment-demanding NDMM and RMM according to the 

IMWG criteria were eligible for inclusion (20). Patients with a mental disorder preventing the patient from 

completing a questionnaire or with the inability to understand the Danish language are ineligible for the 

study. The patients complete a set of baseline questionnaires at study entry and 12 times during 24 months 

follow-up. Schedule for completion of follow-up questionnaires is set to target dates every fourth week for 

the first six months and every 3 months thereafter and consists of 2-4 PRO instruments. The patients can 

choose between completing follow-up questionnaires electronically or on paper.  

 

Strategies to minimize intermittent non-responses 

All involved study nurses are educated in the importance of reducing NR and had access to a written 

manual of all study tasks. They also have access to support from the study office on weekdays. The patients 

are asked to complete the questionnaires on the pre-planned day (target date) and no later than day six 

after the target date. The study nurses are allowed to guide patients in completion of the questionnaires, if 

needed. If the patients using the electronic method have not completed the questionnaire at day four, they 

receive a reminder. If the patient have not completed the questionnaire at day seven, the local study nurse 

is notified by the study office as part of central real-time monitoring. In that case, the local study nurse 

contacts the patient, ascertain and document the reason for NR and invite the patient to complete the 

questionnaire. The effect of the implemented strategies to reduce NR was determined by calculating the 

rate of intermittent NRs.   

 

Figure 4. Study design with a seven-day time window for completion, reminders and central real-time 

monitoring of non-responses. *Reminders are only sent to patients completing questionnaires 

electronically. 
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Data analysis 

This analysis included the patients participating in the study at August 16th 2018 and had reached the first 

follow-up HRQoL assessment at 4 weeks. Questionnaires completed before or within the seven-day 

window are defined as “on-time responses”. In case the patient had completed the questionnaire at day 

seven after the target date or later, the response was defined as “salvage response”, the remainders were 

categorised as a “never response”. The study design is presented in Figure 4. NR to questionnaires was 

defined as an incomplete EORTC QLQ-C30 instrument, which was the first instrument in each set of 

questionnaires. The rate of intermittent NRs is calculated by the proportion of patients, who did not 

complete scheduled HRQoL assessments of those from whom a completed HRQoL assessment were 

expected. This proportion was calculated for each HRQoL assessments time points and added to the rate of 

intermittent NRs. 

Results 

The results are presented in paper V. In brief, 272 patients were included in the analysis and they had 

reached a total of 1441 scheduled questionnaires. Of the 1441, 1214 (84%) were completed on-time. Of the 

remaining 227 scheduled questionnaires, 153 (67%) were salvaged responses, and 74 (33%) were never 

responses, equivalent to an intermittent NRs rate of 5%.   
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Discussion 
 

The overall aim of part 1 and 2 was to determine whether the EORTC QLQ-C30 and EORTC QLQ-MY20 

questionnaires capture clinically meaningful treatment effects on HRQoL during first and relapse therapies 

from the MM patients´ perspective. We found that clinically meaningful improvement in global QoL, 

physical functioning, pain and fatigue are far more likely during first line compared to relapse treatment. 

We also found that when clarithromycin is added to VCD induction therapy in first line, the patients did not 

report improvement in HRQoL as expected. The patients treated with clarithromycin reported clinically 

meaningful worsened fatigue, insomnia, appetite loss and increasing in score for side effects of treatment. 

This resulted in a lack of improvement in global QoL and physical functioning, decreased social functioning 

and body image during treatment and increased emotional functioning two months after HDT.  

 

Part 1 – Systematic review of longitudinal HRQoL studies in multiple myeloma patients 

Methodological considerations  

The identification of previously published longitudinal HRQoL studies of patients with MM has the strength 

in being based on a systematic literature search. For the selection strategy of publications, we chose only to 

focus on studies using EORTC QLQ-C30 for HRQoL measurement. This choice was made to meet the review 

aim of interpreting the HRQoL data by anchor based MIDs of Kvam’s MID criteria and guidelines of Cocks, 

which are is based on the EORTC QLQ-C30 instrument. A possible limitation induced by our publication 

selection strategy could be that some studies using a different HRQoL instrument or studies published after 

we performed the literature search have found contradictive results.  

As presented in the PRISMA flow diagram in paper I, 31 publications were excluded during the full-text 

publication review, since they used alternative instruments for HRQoL measurement. These 31 publications 

were secondarily reviewed to explore whether studies using a different HRQoL tool found contradictive 

results from our general findings in study I. Eighteen of the 31 publications were still not eligible, since they 

fell for one of the other exclusion criteria for the systematic review. 13 publications were remaining, and 

the HRQoL results of those were examined (183-195). Direct comparison of HRQoL results captured by 

another HRQoL instrument is not possible, and clinically meaningful treatment effects cannot be 

determined by the same MID thresholds, since MID is questionnaire specific. However, the HRQoL results 

from these 13 publications were corresponding to our general findings in study I. For example, the ECOG 

E1A06 study, where patients with NDMM, ineligible for HDT, reported improvement in FACT Functional and 

physical mean score during first line treatment with MPT and MPR (194).   

Since May 2016, where the systematic literature search was performed, new HRQoL results from patients 

with MM using the EORTC QLQ-C30 instrument have been published. Apart from study II and III, we have 

identified two primary and five relapse studies, which have been published recently. The primary studies 

are the ALCYONE trial with comparison of Daratumumab-MPV versus MPV therapies and the Medical 

Research Council Myeloma XI trial (196-200). The general findings of clinically meaningful improvement in 

global QoL, physical functioning and pain were confirmed in both studies. Both patient groups in the 

ALCYONE trial reported unchanged fatigue, which corresponds to the previously investigated HRQoL 

reportings during MPV treatment in the VISTA study (172). The five relapse studies are the ENDEAVOR trial 
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(201), the PANORAMA-1 trial (202), the ELOQUENT-2 study (203), CASTOR (204) and POLLUX (205). Not in 

all publications, the results from global QoL, physical functioning, fatigue and pain were presented, but in 

general the RMM reporting unchanged global QoL during relapse treatment regimens in line with our 

findings in study I. In conclusion, the aim of part 1 of determine clinically meaningful treatment effects for 

the four domains was achieved by the performed literature review. 

Part 2. Clinical trials with multiple myeloma patients during first line therapies 

Methodological considerations  

EORTC QLQ-C30 and EORTC QLQ-MY20 for HRQoL evaluation  

The content validity of the EORTC QLQ-C30 questionnaire for HRQoL measurement from the NDMM 

patients´ perspective is well supported. This relies on the psychometric validation of the instrument and 

results from a Delphi consensus project for NDMM patients (95, 97-99). In the Delphi consensus project, it 

is recommended to measure body image, and since side effects of treatment are relevant in clinical 

decision-making in MM, the addition of the EORTC QLQ-MY20 questionnaires is a well-argued choice (24, 

30, 99).   

  

NDMM patients were only included in the validity study of EORTC QLQ-C30, and mainly (225 out of 240 

patients) NDMM patients were included in the validity study of EORTC QLQ-MY20 (96, 98, 206). Therefore, 

the psychometric validity of the two questionnaires in patients with RMM is largely unknown, which is a 

limitation in the results of relapse treatment studies. The developer of the EORTC QLQ-MY20 questionnaire 

chose that the items for assessing the domain of side effects of treatment should capture expected adverse 

events of conventional chemotherapy and steroids (207). Melphalan is a conventional chemotherapeutic 

drug and used in HDT. HRQoL after HDT was investigation in study III, and the patients reported clinically 

meaningful worsening in the domain of side effects of treatment, which was not reported during other 

regimens in part 2.  

 

In current years, conventional chemotherapy is used in drug combinations with IMIDs, proteasome 

inhibitors or monoclonal antibodies, resulting in a different toxicity profile than conventional 

chemotherapy alone (24). Therefore, the toxicities and impact of toxicities from the patients´ perspective 

to novel drugs or drug combinations are not necessarily elucidated by the side effects of treatment domain 

of EORTC QLQ-MY20. HRQoL, which includes toxicities to available drugs and drug combinations, is an 

important factor in clinical decision-making in MM. As demonstrated in study III, symptomatic toxicities 

from clinical trials are underreported by clinicians, which highlights the need for capturing symptomatic 

toxicities with PRO instruments (208). For this, we need flexible PRO tools with relevant items, which apply 

to the expected toxicity profile for the investigated drug. The EORTC item bank and the Common 

Terminologies Criteria for Adverse Events for self-reported toxicities, which are currently available, will 

probably make this possible (209, 210).    

 

HRQoL study design 
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PRO data study design and timing of collection have an impact on the quality of HRQoL data and 

interpretation of the HRQoL results (124, 133, 211, 212). In study II, we found that the clinically meaningful 

treatment effect on HRQoL occurred 6 and 12 months after start of either thalidomide or lenalidomide 

maintenance. Since evidence concerning HRQoL during maintenance therapies in general are lacking, this 

would have been interesting to investigate as part of study II. The study was not designed with patient 

randomization after end of induction therapy to either lenalidomide or placebo maintenance or 

thalidomide or placebo maintenance. This would have been optimal for investigation of the HRQoL effect of 

maintenance versus placebo and interpretation of results during maintenance. It remains unsolved 

whether the improvement in HRQoL at 6 and 12 months, found in study II, is based on recovery after 

discontinuation of induction therapy, or can be assigned to maintenance therapy. Two aspects from the 

literature support that the measured improvement in mean score after start of maintenance could be 

assigned to recovery after end induction treatment. Firstly, cross-sectional studies of MM patients in 

different stages of disease have shown that the patients in the first treatment free interval report reduced 

symptom burden and higher function, compared to patients during primary treatments (31, 213). Secondly, 

HRQoL data during maintenance is also available from the MM-015 study, where the patients were 

randomized in three groups; MPR-R, MPR-placebo maintenance and MPplacebo-placebo maintenance 

(162, 214). Results from the MM-015 showed that going from induction to maintenance for patient treated 

with MPR-R compared to MPR-placebo, resulted in a further increased mean score from baseline for 

physical functioning and fatigue for both groups. A limitation in interpretation of results during 

maintenance in study II and MM-015 study is the high proportion of monotone NR. Moreover, the 

monotone NRs in the MM-015 study were handled by last observation carried forward, which might have 

overestimated the HRQoL results (162, 215, 216).  

 

In the interpretation of HRQoL results from study III, we experienced that HRQoL results from a study 

designed with a placebo group do have advantages. When adding the knowledge gained from between 

group differences to the results from within group change to determine clinically meaningful toxicities to 

therapy provided a stronger conclusion, since we were able to compare to a “normal” trajectory in HRQoL 

during treatment. The results from the patients treated with placebo added to the VCD induction therapy 

acted like an “anchor” for the expected clinically meaningful change in HRQoL during and after the VCD 

induction treatment. 

 

The comparisons of clinically meaningful treatment effects on HRQoL between studies performed in part 2 

were based on the assumption that HRQoL assessment was performed at the most suitable time point. This 

might not always be the case. In study III, pre-planned seven day windows for completion were used as part 

of the PRO data collection design. Pre-planned time windows for completion are supposed to ensure that 

the PRO data collection is capturing the HRQoL at the clinically relevant time point (217). The Internet-

based tool used in study III for web-based PRO data collection automatically delivered the questionnaires 

to the patients, at predefined time points, for completion in the pre-planned time window. No adjustment 

in timing of the automatic delivery of electronic questionnaires was made when treatment was 

rescheduled due to e.g. complications, which happened to be frequently in study III. Therefore, a number 

of patients completed the HRQoL questionnaires earlier than scheduled in the protocol, resulting in a 

statistically significant time effect for the results for constipation and diarrhoea. Due to this, we could not 

evaluate those two domains two months after HDT. We only investigated possible time effect for the eight 
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symptomatic toxicities, and whether this was also the case for the remaining domains is unknown. Possible 

heterogeneity in clinical treatment trajectories of the targeted population should be taken into account, 

when designing a study, to elucidate the HRQoL during treatments.  

 

In study II, not all patients had completed the questionnaires as specified in the study protocol. This might 

be due to the fact that the pre-scheduled HRQoL time points were defined as approximately time points, 

for example “after cycle 3, approximately at 3 months after start of cycle 1”. In order to include as many 

completed questionnaires as possible, we categorized the completed questionnaires according to the time 

frames, up to 3 months. This might have caused biased results, since patients with a temporary decline in 

HRQoL might have delayed completion until recovery. Therefore, it is important to make a clear description 

of all PRO data collection procedures as part of the study protocol and ensure that the staff is trained in 

how to collect the PRO data (129, 133).  

 

Minimal important difference 

In this thesis, we chose to follow recommendations of using available anchor based over distribution based 

MID thresholds, since anchor based MIDs are proposed to offer better estimates for minimal important 

changes than distribution based MIDs (109, 110, 119). Kvam’s MID criteria are based on MM patients´ 

perception of change and were therefore preferred (115). Anchor based MID thresholds based on MM 

patients´ perception for the 11 remaining domains of EORTC QLQ-C30 and the four domains of EORTC QLQ-

C30 MY20 are not available. To determine clinically meaningful treatment effect for those domains, we 

chose the thresholds from guidelines of Cocks for this thesis, which is based on cancer clinicians´ perception 

of change (116). The medium MID threshold of guidelines of Cocks was sensible to detect well known 

adverse events of e.g. improved insomnia and more constipation during thalidomide treatment. However, 

whether those findings reflect clinically meaningful change to patients with MM is unknown, which is a 

limitation in the findings. 

 

For the four EORTC QLQ-MY20 domains, distribution based methods were the only way of addressing 

clinically meaningful treatment effects of those domains. We chose the SEM based method for the multi-

item domains over effect size MIDs for this thesis, since SEM based MIDs rely not only on SD but also on the 

number of items and the sample size (113). Therefore, we considered the thresholds to be stronger, 

especially for interpretation of the mean change of scores from baseline in study III with low sample size. 

This choice is supported by the similarities of the estimated SEM based MID thresholds comparted to the 

estimated thresholds in the MM-015 study (162). For the single-item domain of body image, we used 

Cohen’s effect size of 0.5, which is supported by the general findings of Kvam et al. of an effect size range of 

0.3-0.5 being clinically meaningful to patients with MM and Norman’s rule of thumb (112, 115). Even 

though the distribution based MIDs are able to detect e.g. increased side effects of treatment in patients 

treated with VCD induction and HDT, it is unknown, whether this is in accordance with clinically meaningful 

change for patients with MM, which is a limitation in the findings. 

 

As argued here, the available MID thresholds for within group change of HRQoL scores of the EORTC QLQ-

C30 and EORTC QLQ-MY20 questionnaires lack validity for being able to determine a clinically meaningful 

treatment effect on HRQoL for patients with MM. For interpretation of clinically meaningful change in 



41 
 

paper II and III, we chose distribution based MIDs. This choice was made in order to make interpretation 

simple and transparent to the readers, which might have been too simple (104). In this thesis, we chose to 

follow consensus recommendations of preferring available anchor based over distribution based MID 

thresholds in order to explore the gaps in existing MID thresholds in MM. Determination of anchor based 

MIDs based on patients´ perception of change are resource demanding with requirement of 

methodological considerations. The US Food and Drug Administration’s PRO Guidance from 2009 has 

changed methods for determining clinically meaningful treatment effect in PROs from MIDs to “responder 

definition” (218, 219). Responder definition is based on the numbers of patients, who reported 

improvement, unchanged or worsening for each domain, during the study period (220). In order to 

evaluate HRQoL results from clinical trials using responder definition, strong anchors are important (221). 

Clearly, anchor based MID thresholds to define responders to treatments need further research and must 

be balanced against the practical and methodological aspects in their establishment. 

 

We used the same thresholds for interpreting clinically meaningful change in patients treated during 

primary and relapse treatment. The differences in clinical context could be one of the explanations for our 

diversity in findings during first line, compared to relapse treatment. Often, the main goal of primary 

treatment is achieving a long, durable period of disease control, whereas in a relapse and/or refractory 

situation where long durable periods of disease control may not be possible, the treatment goal is more 

often to achieve disease control and prevent clinical relapse. The clinical context differs in the two settings 

and should be integrated in the MID thresholds. Moreover, the MIDs should reflect MM patients with 

different demographic and personality characteristics and disease trajectories (222, 223). Response shift 

does have an impact on some MID sizes in patients with MM (151, 160). In addition, in a study of response 

shift investigation, it has been proposed that amount of missing data and missing data mechanisms might 

have an impact on the response shift detections (224). Therefore, MID estimation should include a 

representative sample of patients with MM investigated in longitudinal study designs with high PRO 

completion rates and as few monotone NRs as possible. This needs further investigation as well as the 

share of response shift effect in the reported clinically meaningful interpretation of treatment effects. MIDs 

based on multiple clinical anchors are currently being developed and investigated and might include some 

of these aspects (225, 226).      

 

Response shift 

Our findings in clinically meaningful treatment effects on global QoL is supported by the “Conceptual 

Model” of Wilson et al. (78). Global QoL is a distale outcomes measure, placed to the left in the model with 

earlier described difficulties in its definition and measurement. In paper II, we found that 55% of the 

patients treated with MPT reported increased “tingling hands and feet” during treatment, but with no 

reflection on the global QoL mean score differences between the MPT and MPR treated patients. A possible 

explanation to this could be that the change score for the multidimensional domain of the global QoL was 

affected by e.g. response shift, and that patients may have adapted gradually to symptoms of peripheral 

neuropathy during thalidomide treatment. A limitation in this evaluation is that the “peripheral 

neuropathy” domain is not validated.   
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Another of our results could theoretically be explained by a possible response shift effect: In part 2, we 

found that the patients treated with clarithromycin added to VCD induction therapy and HDT reported 

clinically meaningful improvement in emotional functioning two months after HDT. This diverted from the 

patients treated with placebo added to VCD induction therapy and HDT, who reported unchanged 

emotional functioning. The reason for this could be assigned to a response shift effect and change in QoL 

appraisal over time. The domain of emotional functioning is calculated on the basis of answers to which 

extent the patients are feeling tense, irritable, depressed and worried. In theory, two months after HDT the 

patients might have compared their emotional functioning to the time after cyclophosphamide priming, 

where they reported decreased mean score for emotional functioning compared to baseline. This 

difference in samples of experiences and standards of comparison might have influenced the patients´ QoL 

appraisal and resulted in an improved emotional functioning two months after HDT compared to baseline. 

 

As mentioned earlier, evidence for response shift effect in patients with MM has been presented previously 

(160). Here, consecutive patients with MM (NDMM, stable and RMM patients) were recruited in 

connection with admission to the hospital. Admission to the hospital was, in theory, the “catalyst” to 

initiate a response shift effect. To test the hypothesis of the existence of response shift in the trajectory of 

the MM disease, we aimed to include the BAI questionnaire in the ongoing study of “Quality of life in 

Danish multiple myeloma patients” presented in paper V. In collaboration with professor, Carolyn Schwartz, 

Boston, USA, we conducted a linguistic and conceptual validation study of the BAI translated into the 

Danish language. The translation procedure was based on EORTC Quality of life group’s manual for 

forward-and-backward translation of questionnaires (227). The results for the pilot-testing interview were 

that patients had critical remarks to the introduction text as well as seven of the 23 items (data not shown). 

Concluded in collaboration with the two developers, Carolyn Schwartz and Bruce Rapkin, a qualitative study 

investigating the cognitive appraisal processes in the target cohort is found necessary to explore this 

further and develop a culture and disease adapted version of BAI suitable for MM patients in future studies 

(personal communication).  

 

In conclusion, the aim of part 2 of determine clinically meaningful treatment effects for the four first line 

treatment regimens was achieved. However, the findings in relation of results to the findings in study I 

might be compromised by methodological difference in PRO study design and data collection. The overall 

aim of part 1 and 2 was to determine if the EORTC QLQ-C30 and EORTC QLQ-MY20 do capture clinical 

meaningful treatment effects on HRQoL from the MM patients´ perspective during first line and relapse 

anti-myeloma regimens. To achieve this overall aim, the validity of EORTC QLQ-C30 and EORTC QLQ-MY20 

in RMM as well as during novel anti-myeloma treatments needs further investigation. Moreover, the 

applied MID threshold lack validity of been able to determine clinical meaningful treatment effects from all 

MM patients´ perspective.   

Part 3. Non-responses in longitudinal PRO studies of multiple myeloma patients  

The aim of part 3 was to investigate the magnitude of NR in longitudinal PRO studies of patients with MM, 

and to propose and evaluate tools to reduce intermittent NRs. Among the existing studies, the intermittent 

NRs rate was between 2% and 22% and the proportion of monotone NRs was between 27% and 99%. In a 

longitudinal HRQoL study in patients with MM strategies to minimize NR were integrated by staff 

education, use of reminders and real-time monitoring, which resulted in an intermittent NR rate of 5%.  
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Methodological considerations 

Compliance or completion rate 

It has been recognized that PRO compliance or PRO completion rates of clinical trials lack a standard 

definition and are currently been discussed (228). This means that in calculation of compliance rate there is 

no consensus on numerator and denominator. In paper V, we chose the definition of “PRO completion 

rate” as stated by Osoba et al. of “the number of completed PRO assessments over the number of 

scheduled PRO assessments expected to be completed” (220).  

 

Impact and handling of non-responses 

The high amount of NRs to scheduled questionnaires in HRQoL studies of patients with MM suggests that 

the evidence-based knowledge of HRQoL during and after anti-myeloma treatments is compromised.  

Implementing strategies to reduce NR in the study design and conduct has been recommended earlier 

(134, 135). However, a description of successfully strategies to reduce intermittent NRs, as demonstrated in 

study V, has not been available until now.  In order to prevent monotone NR, data collection after 

discontinuation of the investigated drug must be a part of the protocol (128). 

 

Intermittent and monotone NR to scheduled questionnaires in clinical and cohort studies of patients are 

practically unavoidable. When handling NRs statistically, ideally, the actual missing data mechanism should 

be ascertained and inform the choice of statistical method and ensure appropriated statistical handling of 

NR. This is important, also since the missing data mechanism often has a stronger impact on the results 

than the proportion of missing data (127, 134). However, currently there are no available methods for 

determining true missing data mechanisms in real datasets. Analytic methods that can distinguish between 

MCAR and MAR data are available, e.g. Little´s test (229). If data from clinical trials contain significant 

amounts of MNAR data, few methods can achieve unbiased estimates of change in PROs over time or level 

of PROs at a specific time (128, 137).   

 

Sensitivity analysis performed by multiple imputation is considered one of the most reliable statistical 

methods for handling NR (230). Therefore, multiple imputation was used to test the robustness of the 

results in study II and III, but the results did not differ substantially from the analyses performed by linear 

mixed models of repeated measures. This was surprising, especially in study III, where grade 3 and 4 

adverse events were found as a statistically significant predictor of NR. This information, which were 

considered to be a MNAR reason for NRs, were added to the multiple imputation model. Previous 

investigation of the multiple imputation method has shown that the bias reduction achieved by multiple 

imputation depends on the variables used in the model, and simulation studies have shown that 

information collected during follow-up should be included (230, 231).  

 

NRs is an ongoing challenge in analysing PRO data (232). Demonstrated in study V, intermittent NR can be 

reduced substantially, but whether a salvage response is representative and unbiased in all cases has not 

yet been investigated. This, as well as statistical methods for handling NR in PRO studies, need further 

investigation. As part of study V, reasons for intermittent and monotone NR was collected. Future analyses 
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will reveal, if adding those reasons to the multiple imputation or another statistical method for handling 

longitudinal data with missing observations will reduce the bias of the results (231).  

 

In conclusion, the aim of part 3 of investigation of the magnitude of NR in longitudinal studies of patient 

with MM was achieved, although not in all publications this was reported. Also, it is possible to reduce 

intermittent NRs by education of study nurses, use of reminders and real-time monitoring.  

 

Limitations 

Available HRQoL studies using EORTC QLQ-C30 and EORTC QLQ-MY20 do have limitations in applied 

methodologies, when assessing clinically meaningful treatment effects on HRQoL from the MM patients´ 

perspective.   

The HRQoL studies, identified and analysed in part 1 and 2, were all clinical trials. NDMM patients included 

in clinical randomized phase III trials are not representative of the general population of MM patients (233). 

Patients in clinical trials are generally selected for better performance status, lower levels of comorbidity 

and younger age. This might limit the generalization of results and implication to daily clinical practice. 

Evidence of change in HRQoL over time, in unselected patients with MM is practically unknown, and 

whether HRQoL in the general population of patients with MM differs from MM patients in clinical trials is 

unexplored.   

A limitation in our results is whether the applied MID thresholds are able to distinguish what change in 

mean score that is clinically meaningful for patients with MM. In addition, it is not clear, whether and how 

big a share of those thresholds that is due to a response shift effect, and how big a share is due to a 

treatment effect.    

As examined in paper I and IV, the number and timing of HRQoL assessments were different among the 

studies. Some of the studies included measurement of long-term treatment effects on HRQoL, whereas 

other studies elucidated short term follow-up. The rationale for choosing the prescheduled HRQoL 

assessment time point for questionnaire completion in the investigated studies was, in general, not clear 

and might not have been the best suitable time point. We observed differences in mean age of the patients 

included and the sample sizes of each treatment group. The lack of statistical power is a limitation in the 

discrepancy from the general findings in HRQoL during the regimen of clarithromycin added to VCD 

induction therapy.  

We cannot rule out that there is a limitation in the findings of side effect of treatment, since this is 

measured by the ten-item domain of side effect of treatment in EORTC QLQ-MY20, which is not based on 

the toxicity profiles of investigated novel drugs and drug combinations. Of notice, not in all studies, the 

EORTC QLQ-MY20 questionnaire was used, partly due to the fact that it was developed and validated in 

2007. Few authors published results of all domains, and we were not able to include and evaluate results 

from the unpublished domains. In addition, the validity of the EORTC QLQ-C30 and EORTC QLQ-MY20 

instruments in relapse patients is unknown.  

We observed differences in applied statistical methods among the studies as well as a high magnitude of 

complete, intermittent and monotone NR. Some of the applied statistical methods treat NR as MCAR, 
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which is largely based on untested assumptions and is theoretically seldom the case in patients with MM. 

Furthermore, the included randomized trials were mainly designed to elucidate between treatment group 

differences and not within group change, which supposedly has guided the trial investigators in designing 

the studies. These mentioned methodological aspects might compromise comparison of results between 

trials carried out in part 1 and 2.  
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Main conclusions 

Part 1 and 2 

Concluded from the investigation of clinical meaningful treatment effect on HRQoL from 20 first line and 

relapse studies, NDMM reported clinically meaningful improvement in global QoL, physical functioning, 

pain and reduced fatigue during primary treatments, whereas RMM reported no change or even 

deterioration. The findings were unrelated to administrated drugs or drug combinations. A discrepancy 

from this general finding was seen in the reportings from the group of patients treated with clarithromycin 

added to VCD induction therapy and HDT. Those patients reported clinically meaningful increased fatigue, 

insomnia, appetite loss and side effects of treatment. This resulted in lack of expected improvement in 

global QoL and physical functioning, as well as decreasing social functioning and body image during 

treatment and increased emotional functioning, two months after HDT. 

Methodological differences among the 20 investigated studies in the PRO data design, collection 

procedures, applied statistical analysis methods as well as high magnitude of NRs were seen. This might 

have compromise the comparison of results and caused bias. The choice of EORTC QLQ-C30 and EORTC 

QLQ-MY20 for HRQoL measurement is supported by the validation study of patients with for NDMM, but 

not in RMM, where no psychometric validation has ever been carried out. The longitudinal PRO data from 

first line as well as relapse studies were interpreted by the same MID thresholds for clinical meaningful 

treatment effect on HRQoL. In general, the available MID thresholds lack validation of being able to assess 

clinical meaningful treatment effect on HRQoL from the MM patients´ perspective and are not adjusted for 

a possible response shift effect. Moreover, the findings are based on patients included in clinical trials and 

might not be generalizable to the general population of patients with MM.  

  

Distale outcomes measures of symptoms or symptomatic toxicities from EORTC QLQ-C30 and EORTC QLQ-

MY20 are more sensible endpoints than proximale, multidimensional domains in patients with MM. With 

the use of IMIDs, proteasome inhibitors and monoclonal anti-bodies as treatment options in MM, 

rethinking toward flexible PRO tools to access symptomatic toxicities based on expected toxicity profile 

might be better to assess risks and benefits of treatments.  

 

Part 3 

Concluded from the investigation of NRs to questionnaires in longitudinal studies in MM, the finding of high 

magnitude of complete, intermittent and monotone NR suggest that the evidence-based knowledge of 

HRQoL in MM are compromised. Intermittent NR can be substantially reduced by implementing strategies 

of education of staff, using pre-defined time windows, reminders and real-time monitoring, which might 

increase the quality of HRQoL results.  

Very little is known about the missing data mechanisms in patients with MM. We investigated this in study 

III and found prediction for NR from patients with severe adverse events. When adding this information to 

a multiple imputation analysis, we saw only minor indication of our results being biased. Statistical analysis 

methods for handling missing PRO data need further investigation in order to reduce bias of results.   
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Perspectives 

PRO outcome results should be integrated in the information given to the patient at the time of treatment 

demanding disease to promote patient engagement and shared decision making in health care. Before this 

can be evidence based, methodological challenges in assessing clinically meaningful treatment effect on 

HRQoL must be addressed.    

Well-designed studies for capturing of HRQoL in MM for clinical treatment decision making are needed and 

starts with a well-written protocol, where a description of study design, procedures related to PRO data 

collection and statistical analysis plan should be implemented. This should be done using available 

guidelines for PRO protocols to ensure that every step in the design of measuring, analysis and 

interpretation of results is thought through. A multidisciplinary team consisting of a representative sample 

of patients, clinicians with expertise within the disease and treatment, PRO researchers, statisticians and 

research staff should be involved in this process. Reporting of results in a way that is meaningful to 

clinicians and patients is important in order to integrate PRO results in clinical decision-making.    

In this thesis, we have identified unresolved challenges in HRQoL measurement, analysis and interpretation 

in MM, which need further investigation. Firstly, strong anchor based MIDs for assessing clinically 

meaningful treatment effects from the MM patients´ perspective are needed. Secondly, response shift and 

change in QoL appraisal in patients with MM might have an impact on the size of the MID and needs 

further investigation. Lastly, NR to scheduled questionnaires have been pointed out as one of the major 

challenges in PRO data research. We have demonstrated practical tools for reducing intermittent NR, but 

statistical methods for handling unavoidable NR in order to reduce selection bias need further 

development.  

The three methodological challenges are interrelated. Establishing of reliable MID thresholds for 

determining clinically meaningful effect of treatment on HRQoL from the MM patients´ perspective need 

integration of possible response shift effects. For this, data from a representative sample of patients with 

MM reflecting the clinical heterogeneity of the MM disease should be included.    

The research performed in this thesis and discussed methodological challenges will not only have 

implications in clinical trials or in patients with MM. There is a growing demand for assessing real-world 

evidence of HRQoL in MM and other cancer patients and using PRO as a quality indicator for health care 

services. PROs are increasingly being added to national registries to monitor HRQoL and provide data for 

benchmarking, nationally and internationally. In order to do so the same challenges as identified and 

discussed here need to be addressed.    
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Abstract
Objectives: Multiple myeloma (MM) patients report high symptom burden and re-
duced health-related quality of life (HRQoL) compared to patients with other haema-
tological malignancies. The aim of this review was to analyse published longitudinal 
studies including MM patients according to a change in HRQoL scores, which is per-
ceived as beneficial to the patient according to two published guidelines.
Methods: A literature search was performed May 2016. Publications with longitudinal 
follow-up using the EORTC QLQ-C30 instrument for HRQoL measurement of physical 
functioning, global quality of life, fatigue and/or pain were included. An analysis of mean 
change from baseline was carried out according to minimal important difference (MID).
Results: Large and medium HRQoL improvements were reported during first-line 
treatments. No clinically beneficial change or deteriorations in scores of global QoL or 
fatigue were reported during relapse treatment. HRQoL data during maintenance 
therapy are sparse and inconclusive.
Conclusions: Guidelines for interpreting changes in HRQoL including definitions of 
MID have been developed; however, consensus is missing. Improvements in HRQoL 
are far more likely to occur during first-line compared to relapsed treatment regimens. 
The background of these findings should be in focus in future studies, and HRQoL 
measurements should be integrated in maintenance studies.

K E Y W O R D S

Health-related quality of life, multiple myeloma, longitudinal studies

1  | INTRODUCTION

The prognosis of multiple myeloma (MM) has improved markedly over 
the past 20 years, and the median survival of MM patients under the 
age of 70 at the time of diagnosis now exceeds 6-7 years.1,2 The prog-
nosis is expected to improve further in the coming years due to new 
generations of proteasome inhibitors, third-generation immunomodu-
latory drugs, monoclonal antibodies and epigenetic therapies.3

Patients with MM report high symptom burden and low health-
related quality of life (HRQoL) compared to patients with other hae-
matological malignancies.4-7 Along with improvements in survival, 
HRQoL is an increasingly important dimension in treatment and care 

of myeloma patients. HRQoL has been an endpoint in several clini-
cal trials as Wisloff et al.8 more than 20 years ago published the first 
results of patient-reported HRQoL during primary treatment of MM 
patients.

Several validated cancer-specific instruments are available for 
HRQoL measurement. The European Organisation for Research and 
Treatment of Cancer Quality of life questionnaire, EORTC QLQ-C30 
(QLQ-C30),9 is the most frequently used instrument for cancer-specific 
HRQoL assessment (scale range 0-100) in myeloma patients. In addi-
tion, the myeloma cancer module, EORTC QLQ-MY20,10 is often used. 
However, consensus of interpretation of change in HRQoL scores over 
time is lacking. As King et al.11 in 1996 published the first review on 
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how to interpret HRQoL scores obtained by QLQ-C30, the method of 
interpretation of meaningful changes in many longitudinal studies has 
moved from focusing not only on statistical significance, but also on 
minimal important difference (MID).12

MID was defined in 1989 by Jaeschke et al. as “the smallest dif-
ference in score in the domain of interest which patients perceive as 
beneficial and which will mandate, in the absence of troublesome side 
effects and excessive costs, a change in a patients′ management”.13 
As a statistically significant change in HRQoL score is not necessar-
ily important to the patient, MID is a more useful way of interpreting 
changes in HRQoL scores for clinical decision-making.14,15

Kvam et al. defined clinically meaningful score changes in the 
QLQ-C30 instrument in patients with MM for the four domains: phys-
ical function, global quality of life (global QoL), fatigue and pain.16 The 
calculations of MID are based on QLQ-C30 scores from 239 patients 
in different stages of the myeloma disease. An anchor-derived method 
based on the addition of a single question on patient′s perception of 
their change in QoL was used to calculate MID for the four domains 
in the situation of deterioration and improvement. The result of the 
mean change by global rating of change suggests that the MID may 
be affected by the direction of change and that the calculated MID is 
domain specific.

Cocks et al. has published an Evidence-Based Interpretation 
Guidelines17 with the aim to improve current guidelines for sample 
size calculation and interpretation by utilising published study results 
of QLQ-C30 outcomes. The method of estimating the clinically rel-
evant change was a meta-analytical technique in combination with 
blinded expert opinions. The experts were asked to make a judgement 
on the relative size of the change over time according to four levels of 
magnitude: large, medium, small and trivial. Large changes were with 
obvious and unequivocal clinical relevance, and medium changes were 
likely to be clinically relevant but to a lesser extent. Small changes in-
dicated that a subtle, but nevertheless clinically relevant and a trivial 
change was unlikely to have any clinical relevance.

The main objective of this systematic review was to analyse the 
published longitudinal studies of MM patients according to a change 
in HRQoL scores, which are perceived as clinically beneficial to the 
patient for the four domains of physical function, global QoL, fatigue 
and/or pain according to the guidelines by Kvam16 and Cocks.17

2  | MATERIAL AND METHODS

2.1 | Search strategy

A literature search was performed on 24 May 2016 in PubMed, 
EMBASE, PsycINFO and CINAHL. The PubMed searches were  
carried out using the MeSH terms “Multiple Myeloma” or title/
abstract “Multiple Myeloma” or MeSH term “Myelomatosis” or 
title/abstract “Myelomatosis” AND MeSH term “Quality of life” or  
title/abstract “Quality of life” or MeSH term “Life quality” or title/ab-
stract “life quality.” The same search was repeated in the three other 
databases and collected in EndNote X7. The publications were col-
lected in EndNote X7 and duplicates were removed automatically, as 

well as manually. Titles and abstracts of the remaining publications 
were reviewed first by title/abstracts and next by full-text reading to 
identify eligible publications.

2.2 | Publication selection

A publication was qualified for the review, if the following criteria for 
inclusion were met; the patients in the study were diagnosed with 
MM. The study was designed as a longitudinal follow-up using the 
QLQ-C30 instrument for HRQoL measurement of physical function, 
global QoL, fatigue and/or pain, and mean score at baseline and mini-
mum one follow-up time point are presented in the text, a table or 
a figure, or the change in mean score from baseline was specified. 
Baseline is defined as start of treatment, consolidation, maintenance 
or observation. Publications concerning patients with mixed haema-
tological diagnoses were excluded, if the results were not presented 
for MM patients separately. Articles in languages other than English 
were also excluded. There was no time limit set for the literature 
search. The literature search and publication selection are illustrated 
in Figure 1 by the PRISMA diagram flow.18

2.3 | Data analysis

The included studies were divided into six categories; 1) first-line 
treatment studies including induction therapy and autologous hae-
matopoietic stem cell transplantation (ASCT), 2) first-line treatment 
studies without ASCT, 3) consolidation treatment studies, hereunder 
reporting from the ASCT regimens only, 4) maintenance treatment 
studies, 5) relapse treatment studies and 6) non-interventional studies.

For the four HRQoL domains (physical function, global QoL, 
fatigue and/or pain), the mean change from baseline was calculated for 
every follow-up time point by subtracting the mean score at follow-up 
time point from the mean score at baseline. For studies specifying the 
number of patients at follow-up time points, the data evaluation was 
terminated if the patient dropout rate increased to 75% from base-
line. The size of every calculated mean change from baseline for each 
domain was interpreted according to Kvams′ MID criteria 16 and the 
guideline of Cocks.17

3  | RESULTS

3.1 | Studies included for data analysis and 
interpretation

A total of 23 longitudinal studies were included in this systematic re-
view, corresponding to three first-line treatment studies including 
induction therapy and ASCT, eight first-line treatment studies with-
out ASCT, three consolidation treatment studies, two maintenance 
treatment studies and seven relapse treatment studies and one non-
interventional study. In one of the studies, HRQoL data for both “first-
line treatment not including ASCT” and “maintenance treatment” are 
presented separately, and the study was included in both categories. 
The studies are listed according to categories in Table 1.
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3.2 | The interpretation of the mean change over 
time by Kvam vs Cocks

The main difference between the two guidelines are that a small 
change in mean score from baseline defined as a subtle, but nev-
ertheless clinically relevant using guideline of Cocks, is evaluated 
as no clinically meaningful change using Kvams′ MID criteria. Also, 
improvement in fatigue and pain or deterioration in pain, which 
is perceived as beneficial to MM patients, requires a considerably 
larger change in score according to Kvams′ MID criteria than de-
fined by guideline of Cocks. The changes in scores are listed in 
Table 2. 

3.3 | First-line studies including 
induction therapy and ASCT

Three studies were included in this category19-21 and the patient-
reported range of mean change in score from baseline for global 
QoL and physical functioning is illustrated in Figure 2, and for fa-
tigue and pain in Figure 3. Patients reported deterioration in global 
QoL of up to 6.2 points from baseline to completion of induc-
tion treatment with bortezomib-thalidomide-cyclophosphamide-
dexamethasone (VTD-Cyclo). After ASCT, the largest reported 
improvement was for fatigue with a mean change in score of 32 
points.

F IGURE  1 PRISMA flow diagram of the literature search of PubMed. ASCT, autologous haematopoietic stem cell transplantation; QoL, 
Quality of life
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According to Kvams’ MID criteria, patients report clinically mean-
ingful improvement in all four domains after induction therapy and 
ASCT. The deterioration of global QoL of up to 6.2 points reported 
during induction therapy with VTD-Cyclo is not perceived as clinically 
meaningful to the patients.

In accordance with guideline of Cocks, patients report large im-
provement in pain and medium improvement in physical functioning 
and fatigue, which represent a likely clinically relevant change. The pa-
tients receiving induction with VTD-Cyclo reported a small deteriora-
tion in global QoL at the end of induction treatment and no difference 
at preprogressive disease follow-up after ASCT. The mean change in 
scores from baseline is presented in the Appendix S1, figures F1-F3.

3.4 | First-line treatment studies without ASCT

Eight studies were included in this category,22-29 and the patient-
reported range of mean change in score from baseline for the four do-
mains is illustrated in Figure 2 for global QoL and physical functioning, 
and Figure 3 for fatigue and pain. During three regimens, the patients 
report deterioration in mean score from baseline and the largest dete-
rioration was 6 points for fatigue reported by patients receiving bort-
ezomib—melphalan-prednisolone (VMP) at day 1 at cycle 4, which is 
the last cycles of twice-weekly bortezomib administration. For all regi-
mens, the patients report improvement in mean score from baseline 
at follow-up with the largest improvement in pain at 38 points at the 

F IGURE  2  (A,B) Patient-reported range of mean change of score from baseline for global quality of life and physical functioning. (A) The 
eleven first-line treatment regimens. (B) The seven relapse treatment regimens. In general the patients report improvements in mean score from 
baseline during first-line treatment for global quality of life and physical functioning, but during relapse treatment the patients report either 
stabilization or deterioration. Reports of study discontinuation, off protocol measurements and measure time points with patient drop-out rate over 
75% are not maintained in the range. Len-dex: Lenalidomide–dexamethasone, MPT: melphalan–prednisolone–thalidomide, MPR(-R): melphalan–
prednisolone–lenalidomide introduction and planned lenalidomide maintenance, MPR(-pl): melphalan–prednisolone–lenalidomide induction 
and planned placebo maintenance, MPpl(-pl): melphalan–prednisolone-placebo induction and planned placebo maintenance, VTD: bortezomib–
thalidomide–dexamethasone, VTD-Cyclo: bortezomib–thalidomide–cyclophosphamide–dexamethasone, MP: melphalan–prednisolone, VMP: 
bortezomib–melphalan–prednisone, ASCT: autologous haematopoietic stem cell transplantation, P-90; pamidronate 90 mg, P-30: pamidronate 
30 mg, MP-IFN: melphalan–prednisone–interferon alfa-2b, Ixa-Len-dex: ixazomib–lenalidomide–dexamethasone, placebo-Len-dex: placebo–
lenalidomide–dexamethasone, Car-Len-dex: carfilzomib–lenalidomide–dexamethasone, Pom-Lodex: pomalidomide–low-dose dexamethasone, 
HiDEX: high-dose dexamethasone, Thal-dex: thalidomide–dexamethasone, Bort-dex: bortezomib–dexamethasone. ¹Data for global quality not 
shown in the publication.² Data for physical functioning not shown in the publication. The number in parenthesis refers to the publication the data is 
extracted from

TABLE  2 The minimal important difference and guideline for interpreting mean change over time

Kvam et al (16) Cocks et al. (17)

EORTC QLQ-C30 domain
Minimal important 
difference Small differencea Medium differenceb Large differencec

Physical functioning

Improved +6.2 2-7 >7 NE

Deteriorated −12.8 −10 to −5 −17 to −10 <−17

Global quality of life

Improved +7.6 5-8 >8 NE

Deteriorated −12.1 −10 to −5 −16 to −10 <−16

Fatigued

Improved −13.5 4-9 >9 NE

Deteriorated +8.6 −10 to −5 −15 to −10 <-15

Paind

Improved −14.7 5-9 9-14 >14

Deteriorated +17.3 −11 to −3 −20 to −11 <−20

The clinically meaningful changes in score according to Kvams’ MID criteria for the four included domains. The clinically relevant change in score estimated 
by Cocks guideline for the included four domains divided into a small, medium and large difference.
NE, Not evaluable (a guideline for that size class was unobtainable)
aSmall difference; indicated a subtle, but nevertheless clinically relevant change.
bMedium difference: a change likely to be clinically relevant but to a lesser extent. Upper limits for medium improvements could not generally be 
estimated.
cLarge difference; a change with obvious and unequivocal clinical relevance.
dKvam et al. indicates an improvement in fatigue and pain with positive sign, which is the opposite by Cocks et al., who indicates an improvement in fatigue 
and pain with a negative sign.
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36-month follow-up for patients treated with melphalan-Prednisone 
in the study by Waage et al.27

According to Kvams’ MID criteria, all patients report clinically 
meaningful improvements in global QoL, physical functioning and pain 
with exception for pain in the group receiving melphalan-prednisolone-
placebo induction phase with planned placebo maintenance (MPpl(-pl 
maintenance)). Clinically meaningful reduction in fatigue was reported 
in both treatment groups of three included studies.26,27,29

Using the guideline of Cocks, the reported deterioration in fatigue 
during the VMP regime is categorised as a subtle, but nevertheless 
clinically relevant change to the patients. During all treatment reg-
imens, the patients report a likely clinically relevant improvement 
for physical functioning and an unequivocal clinically relevant im-
provement for pain with the same exception as earlier described: the 
MPpl(-pl maintenance) group. For all treatment arms, patients report 
a medium improvement in global QoL and fatigue, which is likely 
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clinically relevant, with exception of fatigue in the Len-Dex group. 
Here, the patients report a small improvement for fatigue, which is 
categorised as a subtle, but nevertheless clinically relevant improve-
ment. The mean change from baseline is presented in the Appendix 
S1, figures P1-P8.

3.5 | Consolidation treatment studies

Three studies were included in this category.30-32 Deteriorations in 
all four domains during single ASCT were reported by the patients 
with the largest deterioration in mean score from baseline at 33 
points for fatigue 2 weeks after ASCT. The largest improvement after 
consolidation therapy was after tandem ASCT for global QoL, where 
the patients report a mean change in score of 29.4 points at the first 
follow-up visit.

According to Kvams’ MID criteria, the patients report clinically 
meaningful deterioration in all four domains during single ASCT 
with recovery in all domains at follow-up. During tandem ASCT, 
clinically meaningful improvement was reported at first, second 
and subsequent follow-ups for physical functioning and global 
QoL.

Interpreted by guidelines of Cocks, temporary obvious and un-
equivocal clinically relevant deterioration for physical functioning, 
global QoL and fatigue are reported 2 weeks after single ASCT with 
reports of recovered HRQoL for all four domains 2 months after 
ASCT. After the second ASCT, the patients reported a smaller but 
likely clinically relevant improvement in physical functioning and 
global QoL. Patients receiving bortezomib consolidation therapy 
report initial small increased fatigue, followed by a small decrease 
and finally a small increase in fatigue compared to baseline. The 
mean change from baseline is presented in the Appendix S1, figures 
C1-C3.

3.6 | Maintenance treatment studies

Two studies were included in this category,23,33 and the patient-
reported range of mean change in score from baseline for the four do-
mains is illustrated in Figure 4. The largest improvement in mean score 
from baseline during maintenance treatment was 9.1 points reported 

for pain by the patients receiving pegylated interferon-alfa2b main-
tenance after induction treatment. The largest deterioration in mean 
score from baseline was reported during the placebo maintenance 
treatment after MPR.

According to Kvams′ MID criteria, none of the included mainte-
nance regimens resulted in a clinically meaningful mean change in score.

When the reported mean changes in score are interpreted using 
guidelines of Cocks, the patients report subtle, but nevertheless 
clinically relevant improvements in physical functioning and fatigue 
during the lenalidomide as well as placebo maintenance treatment 
after melphalan-prednisolone-lenalidomide (MPR) induction phase. 
During placebo maintenance after MPR, a subtle, but nevertheless 
clinically relevant deterioration was reported for pain. Patients re-
ceiving maintenance treatment with Pegylated interferon-alfa2b 
report a medium improvement in pain and small improvement in 
physical functioning, whereas patients treated with Interferon-a2 
report a small deterioration in global QoL and fatigue. The mean 
change from baseline is presented in the Appendix S1, figures 
M1-M2.

3.7 | Relapse studies

Seven relapse studies are included in the review34-40 and the 
patient-reported range of mean changes in score from baseline 
for the four domains are illustrated in Figure 2 for global QoL 
and physical functioning, and Figure 3 for fatigue and pain. The 
largest improvement in mean score from baseline was 15 points 
reported for pain at 24-week follow-up of treatment with thalido-
mide monotherapy. The largest deterioration was reported by pa-
tients receiving dexamethasone monotherapy in global QoL with a 
mean change from baseline at follow-up of 47 points at 36-week 
follow-up.

Using Kvams’ MID criteria, only one study showed clinically mean-
ingful improvement of HRQoL parameters and that was for pain in 
patients receiving thalidomide monotherapy. The patients in four 
treatment arms report a clinically meaningful deterioration for fatigue 
during high-dose dexamethasone treatment and for global QoL during 
bortezomib-dexamethasone therapy, bortezomib monotherapy and 
dexamethasone monotherapy.

F IGURE  3  (C,D) Patient-reported range of mean change of score from baseline for fatigue and pain. (C) The eleven first-line treatment 
regimens. (D) The seven relapse treatment regimens. In general, the patients report improvements in mean score from baseline during first-
line treatment in fatigue and pain, but during relapse treatment the patients report stabilization or deterioration in fatigue and stabilization 
or improvement in pain. Reports of study discontinuation, off-protocol measurements and time points with patient dropout rate over 75% are 
not maintained in the range. Len-dex: Lenalidomide–dexamethasone, MPT: melphalan–prednisolone–thalidomide, MPR(-R): melphalan–
prednisolone–lenalidomide introduction and planned lenalidomide maintenance, MPR(-pl): melphalan–prednisolone–lenalidomide induction 
and planned placebo maintenance, MPpl(-pl): melphalan–prednisolone–placebo induction and planned placebo maintenance, VTD: 
bortezomib–thalidomide–dexamethasone, VTD-Cyclo: bortezomib–thalidomide–cyclophosphamide–dexamethasone, MP: melphalan–
prednisolone, VMP: bortezomib–melphalan–prednisone, ASCT: autologous haematopoietic stem cell transplantation, P-90: pamidronate 90 mg, 
P-30: pamidronate 30 mg, MP-IFN: melphalan–prednisone–interferon alfa-2b, Ixa-Len-dex: ixazomib–lenalidomide–dexamethasone, placebo-
Len-dex: placebo–lenalidomide–dexamethasone, Car-Len-dex: carfilzomib–lenalidomide–dexamethasone, Pom-Lodex: pomalidomide–low-
dose dexamethasone, HiDEX: high-dose dexamethasone, Thal-dex: thalidomide–dexamethasone, Bort-dex: bortezomib–dexamethasone. ³Data 
for fatigue and pain not shown in the publication. ⁴Data for fatigue not shown in the publication. The number in parenthesis refers to the publication 
the data is extracted from
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Interpreted by guidelines of Cocks, the patients reported a small 
improvement in pain during two treatment regimens: pomalidomide-
low-dose dexamethasone and thalidomide-dexamethasone treatment. 
The patients also reported a likely clinically relevant improvement in 
pain during bortezomib-dexamethasone treatment and an obvious and 
unequivocal clinically relevant improvement in pain during thalidomide 
monotherapy. Mostly, the patients reported a subtle, but nevertheless 
clinically relevant deterioration during several relapse treatment reg-
imens. A large deterioration in global QoL was reported during dexa-
methasone monotherapy and a medium deterioration was reported by 
the groups receiving Bort-dex and bortezomib monotherapy. The mean 
change from baseline is presented in the Appendix S1, figures R1-R7.

3.8 | Non-interventional study

A single non-interventional study was included in the systematic re-
view,41 which is a cohort study of MM patients in different disease 
stages. No improvements were reported, and the largest deterioration 
was reported for global QoL with a mean change from baseline at 13 
points at one-year follow-up.

According to Kvams’ MID criteria, the patients reported a clinically 
meaningful deterioration in global QoL at one-year follow-up.

According to guidelines of Cocks, the patients reported a medium 
deterioration, which is likely to be clinically relevant in global QoL and 
a small deterioration, which is subtle, but nevertheless clinically rele-
vant in fatigue and pain after one year. The mean change from baseline 
is presented in the Appendix S1, figure B1.

4  | DISCUSSION

The main objective of this systematic review was to analyse published 
longitudinal studies of MM patients according to a changes in HRQoL 
scores, which are perceived as clinically beneficial to the patient for 

the four domains of physical function, global QoL, fatigue and/or pain 
according to the Kvams′ MID criteria and guideline of Cocks.

Based on this systematic review, clinically beneficial improvements 
in HRQoL are far more likely during primary treatments compared to 
relapse treatment regimens. During ASCT, temporary obvious and 
unequivocal clinically relevant deterioration for physical functioning, 
global QoL and fatigue are found but this is followed by recovered 
HRQoL for all four domains 2 months after ASCT.

Using Kvams′ MID criteria at therapy demanding relapse, a clin-
ically meaningful improvement was only reported for pain in one re-
lapse study.

Even though several included studies are designed with a mainte-
nance phase, HRQoL data are only reported and available for interpre-
tation from two studies. Thus, data on patient-reported HRQoL during 
maintenance treatment are sparse and inconclusive.

In the only non-interventional study eligible for this systematic 
review, the patients in different disease stages reported a clinically 
meaningful deterioration in global QoL one year later.

4.1 | Discussion of our results from a 
clinical standpoint

There is a growing interest in assessing and understanding HRQoL in 
patients with MM and to use patient-reported outcomes in clinical 
decision-making regarding choice of treatment in combination with 
data on response, and expected progression-free survival and overall 
survival.12 Therefore, it is essential, that HRQoL results are communi-
cated precisely and in a clinical context.42,43

The results of our systematic review suggest that a clinically real-
istic HRQoL outcome for patients undergoing first-line treatment is 
different from that expected for patients treated for relapse. In this 
regard, patients should be informed that HRQoL is expected to im-
prove during first-line treatment with different degrees of possible 
deterioration during the first cycles. The same degree of improvement 

F IGURE  4 Patient-reported range of 
mean change in score from baseline for 
the two included maintenance treatment 
studies. The number in parenthesis refers 
to the publication the data are extracted 
from. Based on this systematic review, data 
on patient reported health-related quality 
of life during maintenance treatment 
are sparse and inconclusive. R after 
MPR: lenalidomide maintenance after 
melphalan–prednisolone–lenalidomide 
induction therapy, placebo after MPR: 
placebo maintenance after melphalan–
prednisolone–lenalidomide induction 
therapy, placebo after MPplacebo: 
placebo maintenance after melphalan–
prednisolone–placebo induction therapy, 
P-IFN: pegylated interferon-alfa2b, INF: 
interferon-a2
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in HRQoL cannot be expected during conventionally studied relapse 
treatments, where the patients should be prepared for only a stabilisa-
tion of HRQoL. In addition, in the relapse situation it might be a rele-
vant time point for facilitation of interdisciplinary rehabilitation aimed 
to improve HRQoL.

HRQoL outcome results should be integrated in the information 
given to the patient at the time of treatment-demanding disease to 
promote patient engagement and shared decision-making in health 
care. Before this is possible in an evidence-based matter, the interpre-
tation of the HRQoL outcomes data using MID should be validated in a 
clinical setting including MM patients in different stages of the disease 
and with different socio-demographic characteristics.

The underlying causes of the varying HRQoL results in patients 
treated for newly diagnosed disease versus for relapsed disease have 
to our knowledge never been explored and are therefore unknown. 
Several reasons are hypothetically possible:

4.2 | Results of HRQoL during first-line versus 
relapse treatment regimens

In general, the newly diagnosed MM patients are often more symp-
tomatic than relapse patients, as treatment of relapsed disease often 
occurs before the patient experiences a symptomatic relapse.44 A 
comparison of baseline scores and clinical data from six randomised 
clinical trials with HRQoL measurement has been published.45 The 
findings of this comparison support that symptoms are better con-
trolled in patients treated at relapse than in newly diagnosed patients 
and this finding can be confirmed here. For the studies included in 
this review, the average mean baseline scores for fatigue and pain 
were 47.7 and 48.4 points for first-line treated patients and 44.4 and 
44.2 points for relapsed patients, respectively. An interesting finding 
in the published comparison study is that the mean score at baseline 
for global QoL score is similar over the course of the myeloma dis-
ease. For the included studies in this review, the average mean scores 
in global QoL at baseline for the first-line versus relapse treatment 
regimens were 49.7 versus 58.4 points, respectively, indicating that 
relapsed patients report better global QoL than previously untreated 
patients at the entrance of clinical trials.

In terms of internal validity in comparison of baseline scores, the 
mean age of the patients in the first-line versus relapse treatment 
categories was 68.8 versus 64.2 years, respectively. The fact that the 
relapse patients are younger than the previously untreated patients 
indicates that patients included in relapse studies are more selected 
than patients included in first-line treatment studies.

The treatment regimens used in first-line compared to relapse 
situations are different and this may in part explain the differences 
in HRQoL outcomes as demonstrated in this systematic review for 
first-line versus relapse treatment. Of the studies included, HRQoL is 
reported by Len-dex-treated patients in one-first-line study, the FIRST 
trial, and two relapse studies, the ASPIRE and TOURMALINE-MM1 
trials, of which the last mentioned was placebo-controlled. With re-
spect to the differences of the cohorts included in the three studies, 
the patients reported medium improvement in global QoL during the 

first-line study and no MID in the relapse studies. Concluded by this 
observation, the same treatment regimens are not as effective on 
HRQoL outcomes in relapse MM patients as in previously untreated 
MM patients.

4.3 | Biology of the plasma cell clone

One explanation for the different findings of mean change in HRQoL 
from baseline in first-line versus relapse treated patients could also 
be the biology of the clone of the plasma cells, the clonal dynam-
ics and the trajectory of the MM disease.46 Whether increasing 
dominance of a partly resistant clone at relapse leaves the MM dis-
ease and symptoms relative resistant to anti-myeloma treatment is 
unexplored.

4.4 | Response shift in quality of life reportings

Response shift in serial patient-reported outcome measurements and 
QoL has been known since Calman et al. in 1984 described the con-
cept quality of life as “the differences, or the gap, at a particular pe-
riod of time between the hopes and expectations of the individual and 
that individual′s present experiences”.47 Schwartz and Sprangers pub-
lished a working definition of response shift in 1999, which is a psy-
chological phenomenon of change in internal standards, values and/
or in the conceptualisation of QoL catalysed by health state changes. 
Response shift refers to three considerations: a change in the meaning 
of one’s self-evaluation of a target construct as a result of a change in 
the respondents’ internal standards of measurement (recalibration), a 
change in the respondents’ values (reprioritisation) and redefinition of 
the target construct (reconceptualisation).48,49

Response shift has been recognised in several chronic illnesses in-
cluding cancer50 and has also been explored in MM patients calculat-
ing MID by Kvam using the anchor-based method.51 This is a further 
work of Kvams′ MID criteria where the magnitude and direction of 
response shift are calculated based on the pretest—then-test data and 
Cohen’s criteria for effect size.52 The findings indicate response shift 
among MM patients, mainly in those patients who deteriorated over 
a 3-month observation period. The anchor-based method, which is 
often used to detect response shift, is likely to introduce another bias, 
such as recall bias, and may not be a suitable method in controlling for 
inconsistencies in the respondents′ cognitive processes over time.53

Response shift is described as a “meta-construct” and the find-
ings of an exploring study of response shift in longitudinal data pro-
vided evidence for limitations and validity of the then-test approach 
to measuring recalibration response shift.54 Rapkin and Schwartz in 
2004 developed “The Theoretical model of QoL Appraisal,” which links 
to the aspects of response shift; change in frame of reference, sample 
of experiences, standards of comparison and combinatory algorithm. 
In the process of development of a practical, low resource-intensive 
version of the QoL Appraisal Profile, the Cohen’s criteria for effect size 
was tested and could only explain a moderate amount of variance in 
the domains tested.55 This has led to a fundamental recommendation; 
whenever one measures QoL, one should measure appraisal.55,56
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Before calculated thresholds for response shift based on the 
anchor-based methods can be integrated in the clinically meaningful 
interpretation of HRQoL outcomes data, these thresholds should to 
be tested in longitudinal prospective studies with MM patients and 
validated upon a test of response shift detection in parallel.

Response shift could be a possible explanation of the differ-
ence in HRQoL result during first-line versus relapse treatment; 
the relapsed MM patients might have gone through a psychological 
adaption to the consequences of the myeloma disease and reduced 
expectations for the future, which might have resulted in a change 
in the patients′ internal standard of measurement. This could make 
HRQoL changes during relapse treatment conservative, and there-
fore improvements more difficult to demonstrate later than after 
first-line treatment. Also, this could in part explain the findings of 
different mean change in scores in subgroups of patients according 
to response to treatment.

4.5 | How to interpret changes in HRQoL in 
longitudinal studies

Guidelines for interpretation of changes in score over time perceived as 
beneficial to the patient have been calculated and defined. These tools 
may be useful for interpretation of patient-reported outcome data, but 
of note these methods are not definite and confirming studies and vali-
dation of the guidelines are necessary and should be performed.

The change in score, which is perceived beneficial to the patient, 
may vary by population and context with possible differences in terms 
of the patients′ demographic characteristics. In addition, the baseline 
score might have an impact on the sizes of change in score, which is 
perceived as beneficial to the patient.15 Rapid and sustainable symp-
tom relief is valuable for the patient. However, time to MID and time 
duration of MID are not integrated in the MID definition. A stan-
dardised duration of time between baseline and the follow-up time 
point for interpretation of mean change in relation to MID is needed.

HRQoL results are often presented by the mean score for the 
cohort. During the publication selection for this review, two studies 
were excluded because the results of HRQoL were presented as me-
dian scores.57,58 A reported normal distributed score evaluated as a 
mean change in score over time for a given HRQoL domain may in-
clude subgroups that experiences improvement, deterioration and/or 
stable conditions. A way to address the magnitude of this is to present 
percentages of the patients, who report improved, stable or deterio-
rated status during follow-up. These data are presented in three of the 
included studies.23,39,59 After the literature search for this systematic 
review was completed, an additional analysis of the HRQoL data from 
the ASPIRE trial is published including these aspects.60

Confidence intervals (95%) or standard deviations are reported in 
15 of the 23 publications and the standard deviations ranged up to 34 
on a 0-100 point scale. This clearly indicates that groups of patients in 
the treatment arms report very different scores, more than illustrated 
by the mean score. Individualised treatment for MM patients based 
on pretreatment prognostic markers is a research field of increasing 
interest. Except from cytogenetic prognostic markers,61 scores of 

comorbidity, geriatric assessments and/or frailty scores could make 
the pretreatment assessment more powerful.62

One of the challenges in interpretation of QoL data from longitudi-
nal studies are low compliance, high dropout rates and missing data.63 
Missing data in QoL studies are often not missing at random, as the pa-
tients staying in the study are often selected for the best outcome and 
therefore continue to follow up and this is a source of bias. A thought-
ful design to reduce missing data and the applied statistical approach 
for dealing with missing data should be stated in the publication.43,64 
Sixteen of the included studies have published data on compliance in 
the HRQoL follow-up measurement. In the FIRST trial, compliance at 
18 months was 85-65%.22 A much lower compliance has been demon-
strated in the relapse studies, for example 28-23% in the APEX study 
38 and 4-19% in the MM-003 study.23 Conclusions of mean change in 
scores drawn on such low compliance rates are not of value in clinical 
decision-making. We chose to end the interpretation of the follow-up 
for this review, when patient dropout rates exceeded 75%. In future 
longitudinal HRQoL studies methodologies assess whether the impact 
of this bias should be applied.

4.6 | HRQoL in the general population of multiple 
myeloma patients

Of the studies included in this review, only one was population based. 
It is a fact that patients included in clinical trials are not representative 
of the general MM population, as clinical trial participants are often 
younger and have better performance status and less comorbidity. 
The results of our review may therefore not be transferable to the 
general population of MM patients. Population-based QoL studies 
including elderly, frail and comorbid myeloma patients, the so-called 
real-time data collection, are needed to be able to provide “patient-
like-me” information to the variety of MM patients in expected 
HRQoL outcome.

4.7 | HRQoL during maintenance therapy and 
treatment continuation until progressive disease

Six of the included studies in this review included maintenance ther-
apy after effective anti-myeloma treatment, but separate HRQoL 
data reporting on the maintenance phase was only presented in 
two studies.23,33 Often the reports of HRQoL are stopped before 
the maintenance phase starts or there is no clear baseline score for 
the maintenance phase. Maintenance therapy was found to improve 
progression-free survival and overall survival in MM patients,65 but 
was associated with increased risk of grade 3-4 adverse events.66 
Based on this systematic review, data on HRQoL during maintenance 
treatment are sparse and inconclusive and HRQoL measurement 
should be a part of future protocols including maintenance therapy.

Four trial protocols in this systematic review included studies with 
treatment continuation until progressive disease.22,34-36 In the FIRST 
and ASPIRE trials, the HRQoL measurement stopped at 18 months, 
which is the end of Len-dex treatment for the fixed 18-month duration 
(Rd18) in the FIRST trial and at the end of administration of carfilzomib 
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in the ASPIRE trial. For the TOURMALINE-MM1 and MM-003, the 
duration of published HRQoL follow-up is day 1 of treatment cycles 
34 and 10, respectively, but with very low compliance rates. Results 
of progression-free survival and overall survival from these studies are 
based on treatment continuation until progressive disease, but leave 
HRQoL during the late phases of treatment continuation unexplored.

4.8 | HRQoL after study discontinuation  
and off protocol

In two-first-line studies, the FIRST and the HOVON 49 trials,22,25 data 
on HRQoL measurement at study discontinuation and after going off 
protocol are presented. In both studies, the patients report that im-
provement reported during first-line treatment disappeared at study 
discontinuation and at the off-protocol measurement, except for pain 
in the HOVON 49 trial. This could be due to the patients being in a 
relapse situation at that time point. In general, there has been very 
little focus on the patients’ HRQoL during periods without cancer 
treatment.67

This is the first systematic review that includes published lon-
gitudinal HRQoL studies with the aim of interpreting HRQoL data 
obtained by QLQ-C30 reported by MM patients according to avail-
able guidelines for changes in score, which is perceived beneficial to 
the patients. Consensus of analysis and presenting data from HRQoL 
studies are essential in order to include HRQoL data in clinical 
decision-making. A precise clinically relevant method of interpreting 
HRQoL data is important to give the patient evidence-based infor-
mation on what to expect during anti-myeloma treatment in aspects 
of improved patient engagement and shared decision-making. We 
recommend future prospective population-based longitudinal stud-
ies to validate MID thresholds in MM patients at different stages 
of the disease and with different socio-demographic characteristics 
and also to address the challenges of taking into account the re-
sponse shift issue and the handling of missing data in longitudinal 
QoL studies.
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FIRST-LINE TREATMENT STUDIES INCLUDING INTRODUCTION TREATMENT AND AUTOLOGOUS 

HAEMATOPOIETIC STEM CELL TRANSPLANTATION 

 

Study F1:  

 
VTD; Bortezomib-Thalidomide-Dexamethason, VTCD; Bortezomib-Thalidomide-Cyclophosphamide-Dexamethasone, 

Pre-PD; Pre progressive disease 

Figure F1b. Mean change of score from baseline – Global Health status 

 
 

Study F2:  

 
ASCT; Autologous haematopoietic stem cell transplantation 
Figure F2a. Mean change of score from baseline – Physical functioning 
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ASCT; Autologous haematopoietic stem cell transplantation 
Figure F2b. Mean change of score from baseline – Global Health  

 

 

 

 
ASCT; Autologous haematopoietic stem cell transplantation 
Figure F2c. Mean change of score from baseline – Fatigue  
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ASCT; Autologous haematopoietic stem cell transplantation 
Figure F2d. Mean change of score from baseline – Pain 

 

Study F3:  

 

 
ASCT; Autologous haematopoietic stem cell transplantation 
F3a. Mean change of score from baseline – Physical functioning  
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ASCT; Autologous haematopoietic stem cell transplantation 
Figure F3b. Mean change of score from baseline – Global quality of life 

 

 

 

 
ASCT; Autologous haematopoietic stem cell transplantation 
Figure F3c. Mean change of score from baseline – Fatigue 
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ASCT; Autologous haematopoietic stem cell transplantation 

Figure F3d. Mean change of score from baseline – Pain  
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FIRST-LINE TREATMENT STUDIES WITHOUT AUTOLOGOUS HAEMOTOPOIETIC STEM CELL 

TRANSPLANTATION  

Study P1:  

The mean change of score from baseline for evaluation of mean change from baseline is calculated by the 

baseline score and the score for each month listed in the supplementary appendix of the publication.  

 
Len-dex; Lenalidomid-Dexamethasone, MPT; Melphalan-Prednisolone-Thalidomide, SD: Study discontinuation, which occur at any time point.  

Figure P1a. Mean change of score from baseline – Physical function 

 

 
Len-dex; Lenalidomid-dexamethasone, MPT; Melphalan-Prednisolone-Thalidomide, SD: Study discontinuation, which occur at any time point.  

Figure P1b. Mean change of score from baseline – Global health status/QoL  
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Len-dex; Lenalidomid-Dexamethasone, MPT; Melphalan-Prednisolone-Thalidomide, SD: Study discontinuation, which occur at any time point.  

Figure P1c. Mean change of score from baseline – Fatigue 

 

 

 
Len-dex; Lenalidomid-Dexamethasone, MPT; Melphalan-Prednisolone-Thalidomide, SD: Study discontinuation, which occur at any time point.  

Figure P1c. Mean change of score from baseline – Pain 
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Study P2: 

The evaluations of mean scores from baseline are based on the mean scores in Table 1 in the publication.  

End of induction measurement is day 1 in cycle 10, which is the day of start of maintenance. In this 

evaluation only the induction therapies are maintained.  

 

 
MPR (-R); Melphalan-Prednisolone-Lenalidomid introduction phase with planned Lenalidomid maintenance, MPR(-pl); Melphalan-Prednisolone-

Lenalidomid induction phase with planned placebo maintenance, MP(-pl): Melphalan-Prednisolone induction phase with planned placebo 

maintenance. 

Figure P2a. Mean change of score from baseline – Physical functioning 

 

 
MPR (-R); Melphalan-Prednisolone-Lenalidomid introduction phase with planned Lenalidomid maintenance, MPR(-pl); Melphalan-Prednisolone-

Lenalidomid induction phase with planned placebo maintenance, MP(-pl): Melphalan-Prednisolone induction phase with planned placebo 

maintenance. 

Figure P2b. Mean change of score from baseline – Global health status/QoL  
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MPR (-R); Melphalan-Prednisolone-Lenalidomid introduction phase with planned Lenalidomid maintenance, MPR(-pl); Melphalan-Prednisolone-

Lenalidomid induction phase with planned placebo maintenance, MP(-pl): Melphalan-Prednisolone induction phase with planned placebo 

maintenance. 

Figure P2c. Mean change of score from baseline – Fatigue 
 

 
MPR (-R); Melphalan-Prednisolone-Lenalidomid introduction phase with planned Lenalidomid maintenance, MPR(-pl); Melphalan-Prednisolone-

Lenalidomid induction phase with planned placebo maintenance, MP(-pl): Melphalan-Prednisolone induction phase with planned placebo 

maintenance. 

Figure P2d. Mean change of score from baseline – Pain  
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Study P3:  

 
VMP; Melphalan-Prednisone-Bortezomib, MP; Melphalan-Predisolone, EOT; End of treatment 

Figure P3a. Mean change of score from baseline – Physical functioning 

 

 

 
VMP; Melphalan-Prednisone-Bortezomib, MP; Melphalan-Predisolone, EOT; End of treatment 

Figure P3b. Mean change of score from baseline – Global health status/QoL 
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VMP; Melphalan-Prednisone-Bortezomib, MP; Melphalan-Predisolone, EOT; End of treatment 

Figure P3c. Mean change of score from baseline – Fatigue 

 

 

 

 
VMP; Melphalan-Prednisone-Bortezomib, MP; Melphalan-Predisolone, EOT; End of treatment 

Figure P3d. Mean change of score from baseline – Pain 
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Study P4: 

Follow-up time points 

8; at the end of induction treatment > 8 months, 12; at the start of the episode post-induction <12 months  

18; at the end of the episode post-induction, Off; after going off protocol 

The evaluation of mean change from baseline is based on calculations of mean score listed in Table 2 in the 

publication.  

 

  
MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide, Off: Off protocol 

Figure P4a. Mean change of score from baseline – Physical functioning 

 

 

 
MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide, Off: Off protocol 

Figure P4b. Mean change of score from baseline – Global health 
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MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide, Off: Off protocol 

Figure P4c. Mean change of score from baseline – fatigue 

 

 

 
MP; Melphalan-predisolone, MPT; Melphalan-prednisolone-thalidomide, Off: Off protocol 

Figure P4d. Mean change of score from baseline – pain 
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Study P5: 

 
P-30; Pamidronate 30 mg, P-90; Pamidronate 90 mg 

Figure P5a. Mean change of score from baseline – Physical functioning 

 

 

 
P-30; Pamidronate 30 mg, P-90; Pamidronate 90 mg 

Figure P5b. Mean change of score from baseline – Global health quality of life  
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P-30; Pamidronate 30 mg, P-90; Pamidronate 90 mg 

Figure P5c. Mean change of score from baseline – Fatigue 

 

 
P-30; Pamidronate 30 mg, P-90; Pamidronate 90 mg 

Figure P5d. Mean change of score from baseline – pain  
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Study P6: 

 
MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide 

Figure P6a. Mean change of score from baseline – Physical function 

 

 

 
MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide 

Figure P6b. Mean change of score from baseline – Global health/QoL 
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MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide 

Figure P6c. Mean change of score from baseline – Fatigue 

 

 
MP; Melphalan-Predisolone, MPT; Melphalan-Prednisolone-Thalidomide 

Figure P6d. Mean change of score from baseline – pain 
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Study P7 

 Physical function Global quality of 
life 

Fatigue Pain 

Mean change from 
baseline to 6 
month 

 
13,8 

 
13,8 
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Figure P7 
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Study P8 

 
MP; Melphalan-Predisolone, MP-IFN; Melphalan-Prednisone-Interferon alfa-2b 

Figure P8a. Mean change of score from baseline – Physical function  

 

 
MP; Melphalan-Predisolone, MP-IFN; Melphalan-Prednisone-Interferon alfa-2b 

Figure P8b. Mean change of score from baseline – Global quality of life 
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MP; Melphalan-Predisolone, MP-IFN; Melphalan-Prednisone-Interferon alfa-2b 

Figure P8c. Mean change of score from baseline – Fatigue  

 

 

 

 

 
MP; Melphalan-Predisolone, MP-IFN; Melphalan-Prednisone-Interferon alfa-2b 

Figure P8d. Mean change of score from baseline – pain 
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CONSOLIDATION TREATMENT STUDIES  

Study C1:  

 
Figure C1c. Mean change of score from baseline – Fatigue 

 

Study C2: 

 
ASCT; Autologous haematopoietic stem cell transplantation 

Figure C2a. Mean change of score from baseline – Physical functioning 
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ASCT; Autologous haematopoietic stem cell transplantation 

Figure C2b. Mean change of score from baseline – Global quality of life 

 

 

 
ASCT; Autologous haematopoietic stem cell transplantation 

Figure C2c. Mean change of score from baseline – Fatigue 
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ASCT; Autologous haematopoietic stem cell transplantation 

Figure C2d. Mean change of score from baseline – Pain 

 

Study C3:  

 

 
ASCT; Autologous haematopoietic stem cell transplantation 

Figure C3a. Mean change of score from baseline – Physical functioning 
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ASCT; Autologous haematopoietic stem cell transplantation 

Figure C3b. Mean change of score from baseline – Global quality of life 
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MAINTENANCE TREATMENT STUDIES 

Study M1 

 
(MPR)-R; Lenalidomid maintenance after Melphalan-prednisolone-lenalidomid induction, (MPR)-pl; Placebo maintenance after Melphalan-

prednisolone-lenalidomid induction, (MPpl)-pl: Placebo maintenance after Melphalan-prednisolone-placebo induction 

Figure M1a. Mean change of score from baseline – Physical functioning 

 

 

 

 

 

 
(MPR)-R; Lenalidomid maintenance after Melphalan-prednisolone-lenalidomid induction, (MPR)-pl; Placebo maintenance after Melphalan-

prednisolone-lenalidomid induction, (MPpl)-pl: Placebo maintenance after Melphalan-prednisolone-placebo induction 

Figure M1b. Mean change of score from baseline – Global QoL 
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(MPR)-R; Lenalidomid maintenance after Melphalan-prednisolone-lenalidomid induction, (MPR)-pl; Placebo maintenance after Melphalan-

prednisolone-lenalidomid induction, (MPpl)-pl: Placebo maintenance after Melphalan-prednisolone-placebo induction 

Figure M1c. Mean change of score from baseline – Fatigue 

  

 

 

 

 

 
(MPR)-R; Lenalidomid maintenance after Melphalan-prednisolone-lenalidomid induction, (MPR)-pl; Placebo maintenance after Melphalan-

prednisolone-lenalidomid induction, (MPpl)-pl: Placebo maintenance after Melphalan-prednisolone-placebo induction 

Figure M1d. Mean change of score from baseline – Pain 
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Study M2 

 

 Physical 
functioning 

Global quality of 
life 

Fatigue Pain 

Mean change from 
baseline to 3 
months 
P-IFN 

 
3,33 

 
1,67 

 
-4,96 

 
-9,09 

Mean change from 
baseline to 3 
months 
IFN 

 
-0,52 

 
-7,18 

 
5,84 

 
-1,44 

P-IFN; Pegylated interferon-alfa2b, INF; Interferon-a2 

Figure M2 
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RELAPS TREATMENT STUDIES 

Study R1:  

 

 
Ixa-Ld; Ixazomib-Lenalidomid-Dexamethasone, pl-Ld; placebo plus Lenalidomid-Dexamethasone, EOT; End of treatment 

Figure R1b. Mean change of score from baseline – Global Health status 

The last evaluation of the mean change from baseline was at 22 months for both groups, because the 

compliance hereafter was under 25% from baseline.  
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Study R2: 

 
Car-Len-dex; Carfilzomib-Lenalidomid-dexamethasone, Len-dex; Lenalidomid-dexamethasone 

Figure R2b. Mean change of score from baseline – Global Health status 

 

Study R3:  

 
Pom-Lodex; Pomalidomide low-dose Dexamethasone, HiDEX; High-dose Dexamethasone 

Figure R3a. Mean change of score from baseline – Physical Functioning  

The last evaluation of the mean change from baseline for physical functioning was at treatment cycle 8 for 

Pom-Lodex and cycle 3 for HIDEX, because the compliance hereafter was under 25% from baseline. 
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Pom-Lodex; Pomalidomide low-dose Dexamethasone, HiDEX; High-dose Dexamethasone 

Figure R3b. Mean change of score from baseline – Global Health status 

The last evaluation of the mean change from baseline for global health status was at treatment cycle 8 for 

Pom-Lodex and cycle 4 for HIDEX, because the compliance hereafter was under 25% from baseline. 

 

 

 
Pom-Lodex; Pomalidomide low-dose Dexamethasone, HiDEX; High-dose Dexamethasone 

Figure R3c. Mean change of score from baseline – Fatigue  

The last evaluation of the mean change from baseline for fatigue was at treatment cycle 8 for Pom-Lodex 

and cycle 4 for HIDEX, because the compliance hereafter was under 25% from baseline. 
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Pom-Lodex; Pomalidomide low-dose Dexamethasone, HiDEX; High-dose Dexamethasone 

Figure R3d. Mean change of score from baseline – Pain 

The last evaluation of the mean change from baseline for pain was at treatment cycle 8 for Pom-Lodex and 

cycle 4 for HIDEX, because the compliance hereafter was under 25% from baseline. 

 

Study R4:  

 
Thal-Dex; Thalidomide-Dexamethasone, Bort-Dex; Bortezomib-Dexamethasone 

Figure R4a. Mean change of score from baseline – Physical Functioning  
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Thal-Dex; Thalidomide-Dexamethasone, Bort-Dex; Bortezomib-Dexamethasone 

Figure R4b. Mean change of score from baseline – Global Quality of life 

 

 
Thal-Dex; Thalidomide-Dexamethasone, Bort-Dex; Bortezomib-Dexamethasone 

Figure R4c. Mean change of score from baseline – Fatigue  
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Thal-Dex; Thalidomide-Dexamethasone, Bort-Dex; Bortezomib-Dexamethasone 

Figure R4d. Mean change of score from baseline – Pain 

 

Study R5:  

 
Figure R5b. Mean change of score from baseline – Global Health Status 

The last evaluation of the mean change from baseline for global health status was at week 36 for the 

Bortezomib group, because the compliance hereafter was under 25% from baseline. 
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Study R6:  

 Physical 
functioning 

Global Quality of 
life 
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Study R7:  

 
R7a. Mean change of score from baseline – physical Functioning 

 

 
R7b. Mean change of score from baseline – Pain 
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POPULATION-BASED STUDY 

Study B1 
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Summary 

Background The overall survival of patients with multiple myeloma has improved due to effective treatment 

options, often including maintenance therapy. However, the impact of long term treatment on health-related 

quality of life (HRQoL) is largely unknown.  

Methods The HOVON87/NMSG18 study was a prospective, randomized, phase 3 study of newly diagnosed 

transplant ineligible multiple myeloma patients, comparing melphalan-prednisolone in combination with 

thalidomide or lenalidomide, followed by thalidomide or lenalidomide maintenance therapy (MPT-T or 

MPR-R). The EORTC QLQ-C30 and QLQ-MY20 questionnaires were completed by the patients at baseline, 

after 3 and 9 induction cycles and after 6 and 12 months of maintenance therapy. Both linear mixed models 

and minimal important differences were used for within and between arms HRQoL evaluation. The study 

was registered at www.trialregister.nl NTR1630.      

Findings 596 of 637 included patients participated in HRQoL reporting. Patients in both arms reported 

improved global QoL, future perspective, role and emotional functioning and summary score and less 

fatigue, pain, insomnia and appetite loss. MPR-R treated patients reported worsening in diarrhoea, less side 

effect of treatment and peripheral neuropathy than patients treated with MPT-T. MPT-T treated patients 

reported worsening in peripheral neuropathy, but less pain, insomnia and diarrhoea compared to the patients 

treated with MPR-R.  

Interpretation Treatment with both MPT-T and MPR-R improved HRQoL, mainly with differences in 

symptomatic toxicity profile without impact on global QoL between the two treatment arms. This highlights 

the need for capturing symptomatic toxicities with validated patient-reported instruments when assessing 

benefits and harms in HRQoL during treatments. 

Funding Dutch Cancer Society KWF VU-2008 4246, Celgene 

Article type: Article (Clinical Trials)  

KEYWORDS: Health-related quality of life, Multiple myeloma, clinical trials 
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RESEARCH IN CONTEXT 

Evidence before study  

Before analysing the data from this study, we performed a systematic review of longitudinal health-related 

quality of life (HRQoL) studies of patients with multiple myeloma (MM). The literature search was 

performed in May 2016 in PubMed, EMBASE, PsycINFO and CINAHL using the MeSH terms “Multiple 

Myeloma”, “Myelomatosis”, “Quality of life” and “Life quality”. Only English language studies using the 

EORTC QLQ-C30 instrument for longitudinal HRQoL measurement in patients diagnosed with multiple 

myeloma were eligible. When interpreting the published mean scores according to thresholds for minimal 

important difference for within arm change, we found a general trend; Patients with newly diagnosed MM 

report clinically meaningful improvement in global QoL, physical functioning, fatigue and pain, irrespective 

of treatment regimen. Less data is available on the HRQoL impact of maintenance therapy. This is of 

importance as especially after reaching disease control with induction therapy, long-term continuation of 

maintenance could affect HRQoL. 

Added value of this study  

We here confirm the improvement in global QoL, fatigue and pain during first line treatment with melphalan-

prednisolone in combination with thalidomide and lenalidomide, followed by thalidomide or lenalidomide 

maintenance therapy. The differences in HRQoL we found between the two treatment arms were mainly in 

symptomatic toxicities, which did not turn into a difference in global QoL score between arms. Together 

with findings from the systematic review, this suggests the multidimensional global QoL scale is not an 

informative measure for considering benefits and harms of adverse events to therapies from the patients´ 

perspective. 

Implications of all the available evidence  

Our findings support the use of validated flexible patient-reported instruments to assess symptomatic 

toxicities during treatment and not being accounted by global QoL or summary scores only. This will 

provide more insight into the benefits and harms of different kinds of therapies from clinical trials. In 

addition, PRO measurements will hopefully close the gap of underreporting subjective toxicities by 

physicians, providing specified profiles from a patient’s view.    
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INTRODUCTION 

Multiple myeloma (MM) is a malignancy of plasma cells in the bone marrow. Patients with MM are at high 

risk of developing bone destructions and fractures, hypercalcaemia, renal failure and anemia.1,2 Compared to 

patients with other haematological malignancies, myeloma patients report a higher incidence and severity of 

symptoms with a reduced health-related quality of life (HRQoL) as a consequence.3-5 There are only six 

studies describing the effect of first line treatment on HRQoL in transplant ineligible newly diagnosed MM 

(NDMM) patients.6 In several of these trials the immunomodulatory drugs (IMiDs) thalidomide and 

lenalidomide were investigated.7-11 HRQoL during treatment with thalidomide and lenalidomide were 

compared head to head in the FIRST and the ECOG E1A06 trials.10,12  

The FIRST trial compared continuous therapy with lenalidomide and dexamethasone (Rd), with Rd for 18 

months, and Melphalan-Prednisone-Thalidomide (MPT) for 18 months.12 Here, HRQoL were measured by 

the European Organisation for Research and Treatment of Cancer (EORTC) Quality of life Questionnaire 

Core 30 (QLQ-C30)13 and the Myeloma specific module QLQ-MY20.14  Six HRQoL scales were published, 

which were preselected because they were perceived to be clinically relevant.9 Both Rd and MPT resulted in 

a statistically significant improvement in all subscales, except side effects of treatment that worsened over 

time in both arms. There were no differences between arms in global QoL, physical functioning, pain and 

fatigue, although Rd treated patients reported significantly less side effects of treatment and less disease 

symptoms at 3 months as compared to MPT. A post hoc prediction model was developed suggesting that 

HRQoL was at least maintained or further improved beyond 18 months, unfortunately, the effect of Rd 

continuous versus 18 months only on HRQoL cannot be deduced from this study with certainty, as HRQoL 

data beyond 18 months was lacking.15 

In the ECOG E1A06 trial, HRQoL was evaluated using the FACT-Ntx TOI score and it was shown that 

melphalan-prednisone-lenalidomide (MPR) followed by lenalidomide maintenance (MPR-R) resulted in a 

superior HRQoL after 12 months, as compared to MPT followed by thalidomide maintenance (MPT-T).10 

However, the HRQoL effects of lenalidomide and thalidomide maintenance therapies were not investigated 

separately. The effect of lenalidomide maintenance on HRQoL has been investigated in the MM-015 trial 

comparing MPR-R, MPR and melphalan-prednisolone (MP).11,16  Within six months no clinically relevant 

differences in HRQoL were found between MPR-R and MPR and HRQoL data beyond six months of 

maintenance was lacking.6,11  

In conclusion, data on the impact of treatment with IMiDs on HRQoL in patients with transplant ineligible 

NDMM are both limited and heterogeneously measured. In addition, the data on the effect of maintenance 

therapy on HRQoL are scarce. However, it is important to know the impact of maintenance treatment on 

HRQoL because this is given after achieving disease control with induction therapy and thereby in a 

situation where the patients do not have a definite need for further treatment.  
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We here report data on all the collected HRQoL scales from the HOVON87/NMSG18 study. In this study 

we compared MPT-T and MPR-R in 637 transplant ineligible NDMM patients, both during induction and 

maintenance therapy.17 The aim of the analysis was to assess HRQoL and to investigate the impact of side 

effects on HRQoL, especially peripheral neuropathy, in more detail, and particularly, to evaluate the effects 

of long-term maintenance on HRQoL.  

 

METHODS  

Study design 

Study details have been published previously17. Briefly, newly diagnosed symptomatic MM patients > 65 

years of age or transplant ineligible patients ≤65 years, with a World Health Organization (WHO) 

performance status 0 to 3 (WHO 0-2 for patients above 75 years) were included. The patients were recruited 

from 98 community hospitals in The Netherlands, Belgium, Sweden, Norway and Denmark. Patients were 

randomized between nine 28-day induction cycles of MPT followed by thalidomide maintenance (MPT-T) 

or nine 28-day induction cycles of MPR followed by lenalidomide maintenance (MPR-R). MP induction was 

administered as oral melphalan 0.18 mg/kg on days 1-4 and prednisolone 2 mg/kg on days 1-4. The patients 

randomized to MPT were treated with oral thalidomide 200 mg/day until 4 weeks after the last induction 

cycle and continued with thalidomide 100 mg/day. The patients randomized to MPR received MP in 

combination with oral lenalidomide 10 mg on days 1-21 independent of age and after the end of induction, 

continued lenalidomide (10 mg day 1-21 in 28-day cycles). Maintenance treatment was given until 

progression, intolerable side effects or other conditions that required treatment discontinuation. The study 

protocol was approved by the Ethics Committee and conducted in accordance with the ethical principles of 

the Declaration of Helsinki and the Good Clinical Practice Guidelines. We obtained written informed 

consent from all participants. The study was registered at www.trialregister.nl as NTR1630. 

Health-related quality of life assessments 

Participation in the HRQoL reporting was optional. The questionnaires were given to the patients at baseline 

(T0), after induction cycle three (T1) and nine (T2), and after six (T3) and twelve (T4) months of 

maintenance therapy.  

For HRQoL assessment, the QLQ-C3013 and QLQ-MY2014 were used, which are both validated instruments 

for HRQoL measurements in myeloma patients.14,18 The QLQ-C30 contains five functional scales, nine 

symptom scales, one global quality of life (QoL) scale and a summary score based on all but two QLQ-C30 

scales; global QoL and financial difficulties.19,20 The QLQ-MY20 contains two functional and two symptom 

scales. For the evaluation of peripheral neuropathy question 13 of the QLQ-MY20 “Did you have tingling 

hands or feet?” was used. The EORTC manual20 was used to calculate all HRQoL scales. Each scale was 

scored from 0-100; for global QoL, functional scales and the summary score a higher score means a better 

functioning, whereas for symptom scales, a higher score means higher degree of symptoms. A detailed 
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description of the QLQ-C30, the QLQ-MY20 and the peripheral neuropathy scale, data collection and 

assignment of the questionnaires to T0-T4 is described in Appendix A. 

 

Statistical analyses 

Change in HRQoL over time was assessed by linear mixed models and a p-value <0·005 was considered 

statistically significant in order to account for multiple testing. Changes in HRQoL over time were 

investigated both “within arms” and “between arms”. Model estimates were used for post-hoc comparisons 

of changes from baseline. We analysed changes in HRQoL from T0 to T4, as well as from T2 to T4 for 

patients who had at least 3 months of maintenance therapy. The EORTC manual was followed to handle item 

non-response.20  A difference or change in mean HRQoL score was defined clinically relevant or -meaningful 

if it was above the threshold for minimal important difference (MID).21 The percentage of patients improving 

or deteriorating by more than the MID from baseline was calculated. Details are described in Appendix B1. 

We explored the impact of missing questionnaires by comparing the HRQoL courses over time between 

patients that discontinued early versus late/never and performed sensitivity analyses by multiple imputation. 

See for detailed description Appendix B2. For statistical analysis SPSS version 22·0 (IBM Corp., Armonk, 

NY, USA) was used.  

 

ROLE OF FUNDING SOURCE 

The funder had no role in study design, data collection, data analyses, data interpretation and writing of the 

report. LKN, SZ, CS, BLW and BvdH had full access to all trial data.  

 

RESULTS 

Between March 12, 2009 and October 19, 2012, 637 eligible patients were included in the 

HOVON87/NMSG18 study. Ninety-four percent of the included patients (596 patients) gave their informed 

consent for participation in the HRQoL study. Only patients who completed a baseline questionnaire were 

included in the HRQoL analysis; 272 patients in MPT-T versus 281 patients in MPR-R. The patient and 

disease characteristics of the HRQoL cohort (Table 1) were comparable to the original study population. 

The patient flow and drop-out during study are presented in the CONSORT diagram in Figure 1. The number 

of patients who discontinued induction therapy was comparable: 67/272 patients in the MPT arm versus 

66/281 patients in the MPR arm. However, less patients in the MPT-T arm started maintenance as compared 

to patients in the MPR-R arm, 146 (54%) versus 174 (62%). In addition, more patients had to discontinue 

thalidomide maintenance, when compared to discontinuation of lenalidomide maintenance (68% vs 30%). 

The main reason for discontinuation of thalidomide treatment was peripheral neuropathy.17 
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Compliance of answering questionnaires at the scheduled time points ranged from 69 to 87 percent (Figure 

2). Missing items in individual questionnaires were low, with a mean of 1·2% missing QLQ C30 items and a 

mean of 2·2% for QLQ-MY20 items over all time points.  

HRQoL analyses within treatment arms 

We analysed whether there was a statistically significant change in HRQoL within the treatment arms during 

induction and maintenance phase. Patients reported improvement in HRQoL over time for the majority of 

scales, irrespective of received treatment (Appendix C). Body image and financial difficulties remained 

stable in both arms. Cognitive functioning and dyspnoea only improved in MPR-R treated patients. MPR-R 

treated patients reported an increase in diarrhoea (p<0·001) and MPT-T treated patients in constipation and 

side effects of treatment (p=0·003 and p<0·001 respectively). Peripheral neuropathy worsened in both arms 

(both p<0·001). The changes within treatment arms were clinically meaningful for global QoL, role and 

emotional functioning, pain, fatigue, summary score and future perspective in both treatment arms (Figure 3 

and Appendix C). In addition, the MPT-T treated patients reported decreased insomnia and appetite loss, 

whereas the MPR-R treated patients reported improved physical functioning. The statistical significant 

worsening in peripheral neuropathy was only clinically meaningful to the MPT-T treated patients and not in 

the MPR-R treated patients (Figure 3). The MPR-R treated patients reported clinically meaningful worsening 

in diarrhoea (Figure 3). In general, clinically meaningful improvement occurred from T3 and T4 onwards 

only (i.e. after 6 to 12 months of maintenance therapy). In contrast, global QoL, future perspective and pain 

improved already during induction therapy and sustained during maintenance treatment (Figure 3 and 

Appendix Figure C1).  

HRQoL analyses between treatment arms 

We analysed whether there was a difference in HRQoL between treatment arms for the induction and 

maintenance phase together. The baseline mean scores of the QLQ-C30 and the QLQ-MY20 scales were 

comparable between treatment arms (Table 2). There was no statistically significant difference between 

treatment arms for the induction and maintenance phase together in the majority of HRQoL scales over time 

between the two treatment arms, including global QoL (p=0·79, Appendix C1). However, in 5 out of 21 

HRQoL scales there were significant differences between the two treatment arms. Side effects of treatment 

(p=0·003) and peripheral neuropathy (p<0·001) were reported less in the MPR-R arm as compared to the 

MPT-T arm. In contrast, patients treated with MPT-T reported less pain (p=0·004), insomnia (p=0·004) and 

diarrhoea (p<0·001) as compared to the patients in the MPR-R arm (Figure 3).  

In addition, clinical meaningful differences between the two arms occurred in 12 out of 21 HRQoL scales 

(Figure 3 and supplementary Figure C1). MPT-T treated patients reported less diarrhoea at all follow-up time 

points, less pain at T1, less fatigue at T2, and less insomnia and appetite loss at T1 and T4, whereas they 

reported more side effects of treatment at T3 and T4 and more peripheral neuropathy at all follow-up time 

points. In contrast, MPR-R treated patients reported better future perspective, physical and role functioning 
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at T4, better cognitive functioning at T1 and T4, and body image at T3 as compared to the MPT-T treated 

patients.  

HRQoL during maintenance treatment 

A total of 346 patients started the maintenance phase and received at least 3 months of maintenance therapy, 

of which 242 also had filled in a T2 questionnaire. We analysed whether there was a difference in HRQoL 

within or between the lenalidomide and thalidomide treated patients specifically in the maintenance phase 

(95 and 147 patients for thalidomide and lenalidomide, respectively). At the start of maintenance therapy, the 

MPR treated patients reported less side effects of treatment, constipation and peripheral neuropathy than the 

MPT treated patients. However, the MPT treated patients reported less diarrhoea than the MPR treated 

patients (Appendix Table D1).  

HRQoL evaluation within maintenance treatment arms revealed statistically significant improvement mainly 

in the lenalidomide treated patients. In this arm, improvement was observed in global QoL (p=0·003, clinical 

relevant at T3), physical (p<0.001) and role functioning (p<0·001, clinical relevant at both T3 and T4), 

fatigue (p<0·001), dyspnoea (p=0·004) and the summary score (p<0·001, clinically relevant at T3). In both 

arms a statistically significant reduction in appetite loss was reported (thalidomide p=0·003, lenalidomide 

p<0·001). Thalidomide treated patients reported statistically significant worsening of peripheral neuropathy 

symptoms (p<0·001, clinically relevant at both T3 and T4) (Appendix Table D2 and Figure D1).  

During maintenance, HRQoL change over time was statistically significantly different between arms in only 

one of the 21 scales: peripheral neuropathy (p<0·001) increased more in thalidomide treated patients 

(Appendix Table D2 and Figure D1). In addition, we investigated whether clinically meaningful differences 

occurred. Lenalidomide treated patients reported better physical functioning at T4 and role functioning at 

both T3 and T4 as compared to thalidomide treated patients. Thalidomide treated patients reported less 

appetite loss at T4 and more peripheral neuropathy at both T3 and T4 as compared to the lenalidomide 

treated patients.  

Figure 4 describes the percentage of patients who achieved clinically relevant (>MID) improvement or 

deterioration in HRQoL from baseline, both after induction (T2) and after 1 year (T4) of maintenance. The 

percentage of patients, who reported change in global QoL after 1 year maintenance as compared to baseline 

did not statistically significantly differ between the arms: clinical relevant improvement in 54% versus 61% 

and deterioration in 32% versus 19% in MPT-T and MPR-R respectively (p=0·26). Significantly more MPT-

T treated patients reported clinical relevant worsening in peripheral neuropathy at T2 (55 vs 27%, p<0·001) 

and T4 (63 vs 31%, p=0·003) as compared patients receiving MPR-R. Significantly less MPT-T treated 

patients reported clinical relevant worsening of diarrhoea at T2 (9 vs 31%, p<0·001). 

Impact of missing questionnaires 

In the investigation of the impact of missing questionnaires, we only found a statistically significant 

difference between patients who discontinued therapy early versus late/never for insomnia (being more 
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pronounced in patients who discontinued MPT-T early versus late) and emotional functioning (being inferior 

in patients discontinuing MPR-R early versus late) (Appendix Table E1 and Figure E1). Results from the 

sensitivity analysis using multiple imputation showed no statistically significant differences when comparing 

with results from the linear mixed models method.   

 

DISCUSSION 

In this large multicenter randomized phase III study, no difference in progression free survival between 

transplant ineligible newly diagnosed MM patients treated with MPT-T versus MPR-R was observed.17 

Therefore, evaluation of HRQoL is important in the choice between the two investigated regimens.    

All patients reported statistically significant and clinically meaningful improved global QoL, future 

perspective, role and emotional functioning and the summary score, and less fatigue, pain, insomnia and 

appetite loss. Two differences in change over time within group were seen; MPR-R treated patients reported 

increased diarrhoea during induction therapy, whereas the MPT-R treated patients reported increased 

peripheral neuropathy during induction therapy and thalidomide maintenance. The only differences in 

HRQoL between arms was that the MPT-T treated patients reported statistically and clinically relevant less 

pain, insomnia and diarrhoea compared to the MPR-R treated patients, whereas the MPR-R treated patients 

reported less side effects of treatment and peripheral neuropathy compared to the MPT-R treated patients.  

Our findings are in line with previously published data on HRQoL for patients during primary treatments, 

who in general report clinical meaningful improvement in global QoL, physical functioning, fatigue and 

pain.6 Only exception we found from this general finding was that the patients in both treatment arms 

reported unchanged physical functioning. A possible reason for the general finding is, that HRQoL is a 

multidimensional construct of the patients´ subjective perception of positive and negative aspects of health as 

well as non-medical factors. 22 Although HRQoL can be affected by toxicities, non-medical factors might 

play a substantial role in the way patients report their HRQoL over time, which has to be considered in the 

interpretation of longitudinal HRQoL results. There is a probability that a patient’s standards and values are 

changing over time, which is a well-known phenomenon called response shift. 23 Patients with MM might 

adapt to their worsening function and increased symptoms and thereby not allow these aspects to affect their 

global QoL. 24 

We did find well-known differences in patient-reported toxicities between the two treatment arms of 

diarrhoea during lenalidomide treatment and insomnia, peripheral neuropathy and reduced diarrhoea during 

thalidomide treatment.7-9,25 We found a limitation in the results for insomnia, since the investigation of the 

impact of missing questionnaires revealed that the score for insomnia was impacted by the patients with 

early study discontinuation. Most pronounced difference in patient-reported toxicity was peripheral 

neuropathy, which was reported by 55% of the MPT treated patients after end of induction and 63% of the 

thalidomide treated patients after 12 months of maintenance. Moreover, 27% of the patients treated with 
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MPR also reported clinical meaningful peripheral neuropathy at the end of induction therapy and 31% of the 

lenalidomide treated patients after 12 months of maintenance. This difference in patient-reported peripheral 

neuropathy might have influenced the result for between group differences for the multi-item domain of side 

effects of treatment. The patients treated with MPR-R reported less side effect of treatment during induction 

treatment compared to the MPT-T treated patients, which is similar to the findings in the FIRST study, where 

the patients treated with Rd reported less side effects of treatment compared to the patients treated with 

MPT. An important limitation in our results of peripheral neuropathy is that it is not a validated scale, but 

calculated on basis on the patients´ answer to one question: “Did you have tingling hands or feet?”. The 

psychometric validity of the scale is therefore unknown and might not cover all parts of patient experienced 

peripheral neuropathy. Peripheral neuropathy might be underestimated when using this scale, since only 77 

% of cancer patients with chemotherapy-induced peripheral neuropathy report tingling hands or feet.26 The 

use of a validated questionnaire covering peripheral neuropathy would have strengthened our results. 

For the maintenance phase separately, the lenalidomide treated patients reported clinical meaningful 

improvement in global QoL, role functioning and summary score. Also we found that that improvement in 

several HRQoL subscales reached clinical relevance after 6 to 12 months of maintenance therapy only, with 

the exception of global QoL, future perspective and pain, which improved already during induction phase 

and sustained hereafter. Interpretation of the results during maintenance phase might be compromised by low 

sample size due to study discontinuation, and a selection of patients with a better outcomes might have 

occurred. Handling of missing data is one of the identified and unsolved challenges cancer trials.27,28 We 

performed two analyses to investigate the impact of missing questionnaires. For insomnia and emotional 

functioning only, we found a difference between patients who discontinued therapy early versus late/never.  

In conclusion, we found that differences in HRQoL between the two treatment regimens were mainly found 

in symptomatic toxicities scales with reporting of worsening in diarrhoea during MPR-R treatment and 

worsening in peripheral neuropathy and side effects during MPT-T treatment. We also found less insomnia 

during MPT-T treatment. It is noteworthy that peripheral neuropathy was investigated by a single-item 

domain from EORTC QLQ-MY20 and the findings could thereby be inaccurate and underestimated. None of 

the observed differences in symptomatic toxicities had consequences for the reported global QoL score, 

which was similar between the two treatment groups. This highlights the need for capturing symptomatic 

toxicities with PRO instruments when assessing benefits and harms in HRQoL during treatments. This has 

also recently been advocated in a The Lancet Haematology Commission by Thanarajasingam and 

colleagues.22 The patient-reported version of the Common Terminologies Criteria for Adverse Events (PRO-

CTCAE) for self-reported toxicities and the EORTC item bank together with the computer adaptive tests 

version of the QLQ-C30 questionnaire might make this possible in future studies.29,30  
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Table 1: Demographic characteristics of the patients included in the health-related quality of life 

analysis 

MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-

prednisone-lenalidomide induction and lenalidomide maintenance therapy;  N, number of patients; IQR; interquartile 

range, WHO, World Health Organization; ISS, International Staging System 

Demographic characteristics MPT-T 

(N=272) 
MPR-R 

(N=281) 

Median age, years (IQR) 72 (69-77) 73 (69-77) 

Age ≥ 76 years, N (%) 90 (33%) 98 (35%) 

Sex, N (%) 

Male 133 (49%) 164 (58%) 

Female 139 (51%) 117 (42%) 

WHO performance, N (%) 

0 89 (33%) 107 (38%) 

1 132 (49%) 124 (44%) 

2 39 (14%) 40 (14%) 

3 5 (2%) 5 (2%) 

Unknown 6 (2%) 5 (2%) 

M-protein subtype, N (%) 

IgG 177 (65%) 176 (63%) 

IgA 73 (27%) 69 (25%) 

IgD 4 (2%) 1 (<0.5%) 

Light chain only 17 (6%) 34 (12%) 

Unknown 0 (0%) 1 (<0.5%) 

ISS, N (%) 

I 61 (23%) 78 (28%) 

II 134 (49%) 136 (48%) 

III 74 (27%) 65 (23%) 

Unknown/missing 3 (1%) 2 (1%) 

Lytic bone lesions, N (%) 

None 86 (32%) 89 (32%) 

1 25 (9%) 19 (7%) 

2 15 (6%) 19 (7%) 

3 or more 141 (52%) 150 (53%) 

Unknown/missing 5 (2%) 4 (1%) 

FISH performed, N (%) 

      Yes 206 (76%) 220 (78%) 

FISH abnormality if performed, N (%) 

      17p13 loss 23/188 (12%) 16/196 (8%) 

      t(4;14)(p16;q32) 18/199 (9%) 17/216 (8%) 

      t(14;16)(q32;q23) 2/170 (1%) 10/192 (5%) 

      1q21 gain 56/146 (38%) 58/165 (35%) 



Table 2. Mean baseline scores for all EORTC QLQ-C30 and EORTC QLQ-MY20 scales for each 

treatment arm.   

EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of life Questionnaire C30; 

EORTC QLQ-MY20, European Organisation for Research and Treatment of Cancer Quality of life Questionnaire 

MY20, SD, standard deviation, MPT-T; melphalan-prednisone-thalidomide induction and thalidomide maintenance 

therapy; MPR-R, melphalan-prednisone-lenalidomide induction and lenalidomide maintenance therapy, N; number  

Health-related quality of life scales MPT-T  
Baseline mean scores (SD) 

(N=272) 

MPR-R  
Baseline mean scores (SD) 

(N=281) 

EORTC QLQ-C30 

Global health status/QoL 52.9 (24.1) 55.5 (25.3) 

Physical functioning 57.0 (27.7) 58.6 (28.2) 

Role functioning 45.8 (35.4) 49.2 (37.1) 

Emotional functioning 70.8 (21.7) 71.2 (21.7) 

Cognitive functioning 80.2 (23.1) 80.4 (23.2) 

Social functioning 68.3 (30.4) 68.2 (31.4) 

Fatigue 48.2 (29.1) 43.8 (28.5) 

Nausea and vomiting 10.5 (19.2) 8.7 (17.7) 

Pain 51.1 (36.3) 47.2 (34.7) 

Dyspnoea 32.5 (32.1) 25.7 (28.6) 

Insomnia 30.4 (31.6) 28.1 (31.4) 

Appetite loss 26.0 (33.6) 23.0 (32.1) 

Constipation 22.4 (30.4) 22.1 (30.8) 

Diarrhoea 10.6 (22.6) 8.8 (21.2) 

Financial difficulties 5.2 (15.4) 4.5 (14.5) 

Summary score 64.7 (16.0) 66.8 (16.2) 

EORTC QLQ-MY20 

Disease Symptoms 31.2 (22.6) 31.1 (22.4) 

Side Effects of Treatment 19.4 (13.9) 18.8 (13.6) 

Future Perspective 52.3 (25.2) 52.3 (25.5) 

Body Image 80.8 (29.3) 81.4 (28.1) 

Peripheral neuropathy 10.9 (20.7) 11.7 (21.4) 



Figure 1. Consort diagram of the numbers of patients participating in the HRQoL study and the 
numbers of answered questionnaire. The presented numbers of patients off protocol and specified reasons 
are related to the numbers of patients going out of the protocol.  
N; number of patients, MPT; melphalan-prednisone-thalidomide, MPR; melphalan-prednisone-lenalidomide, PD, progressive 
disease, PNP; peripheral neuropathy   



Figure 2. Number of patients on protocol and completed questionnaires at each time point.  
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MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, 

melphalan-prednisone-lenalidomide induction and lenalidomide maintenance therapy; T0: baseline; T1: after 3 

induction cycles; T2: after 9 induction cycles; T3: after 6 months maintenance treatment; T4 after 12 months 

maintenance treatment  
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Figure 3. Estimated change in HRQoL score from baseline with corresponding 95% confidence intervals and p-value for the 
five scales with statistically significant difference in change over time between treatment arms. Time points with clinical 
relevant difference between arms are marked with *. The dashed horizontal line represents the calculated threshold for minimal 
important difference, the black for MPT-T and the blue for the MPR-R treatment. The green arrows indicate the direction of 
improvement in functional scales or reduction of symptom scales. The red arrows indicate the direction of deterioration in 
functional scales or increase of symptom scales. 
MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-prednisone-
lenalidomide induction and lenalidomide maintenance therapy 
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Figure 4. Responders. The percentage of the patients reaching a clinical relevant change in HRQoL, eg. the minimal important difference (MID) threshold for  

within group change during the induction phase (T2) and induction phase and maintenance phase together (T4). We found a significant difference between the arms 

with respect to the number of patients improving or deteriorating by more than MID for diarrhoea and peripheral neuropathy at T2 and for peripheral neuropathy at T4.   
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A. HRQoL data collection and categorization of questionnaires 
Health related quality of life (HRQoL) was assessed by using two questionnaires: the European Organisation for 
Research and Treatment of Cancer (EORTC) Quality of life EORTC QLQ-C30 and the Myeloma specific EORTC 
QLQ-MY20 module. The EORTC QLQ-C30 consists of 15 scales: one global quality of life (QoL) scale, five 
functional scales (physical, role, emotional, cognitive and social functioning), nine symptoms scales (fatigue, nausea 
and vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, diarrhoea and financial difficulties) and the 
summary score (containing all scales minus global QoL and financial difficulties). The EORTC QLQ-MY20 consists of 
four scales: two symptom scales (disease symptoms and side effects of treatment) and two functional scales (future 
perspective and body image). Neither of these questionnaires has a separate scale for peripheral neuropathy. Since 
results from the adverse event registration form showed a high number of patients developing peripheral neuropathy, a 
symptom scale “peripheral neuropathy” was assessed by item 13 of the QLQ-MY20 ″Did you have tingling hands or 
feet?″. The peripheral neuropathy scale was an additional single-item scale, transforming it to a 0 to 100 score, 
according to the EORTC manual. In this HRQoL study all scales were evaluated. 

Patients received a paper version of the questionnaires. For patients recruited by an investigator from the HOVON, the 
local QoL coordinators sent the answered questionnaires to the HOVON Data Center, Amsterdam, and for patients 
recruited by an investigator from NMSG the local QoL coordinators e-mailed it to the QoL Center, Ullevål Hospital 
Oslo. If a scheduled questionnaire was not received by HOVON Data Center or QoL Center, an e-mail was sent to the 
local QoL coordinator as a reminder in order to obtain the questionnaires from the patient. 

Ideally the patient completed the questionnaire at the exact evaluation times according to the HRQoL study protocol: at 
baseline (T0), after induction cycles 3 (T1) and 9 (T2), and after 6 (T3) and 12 (T4) months of maintenance therapy. 
However, the questionnaires were not always answered exactly at these times and were therefore assigned to one of the 
five time points according to the following criteria: 

• T0: questionnaire was completed between randomization and 28 days after start of the first induction cycle;  
• T1: questionnaire was completed between start of the second induction cycle and 2x28 days after start of the 

third induction cycle;  
• T2: questionnaire was completed between start of the sixth cycle and 30 days after start maintenance therapy;  
• T3: questionnaire was completed between 3 and 9 months of maintenance therapy; and 
• T4: questionnaire was completed between 9 and 15 months of maintenance therapy.  

Questionnaires not answered in the time frames were excluded from the analysis. The timing of questionnaires is 
illustrated in Figure A1. All questionnaires had to be completed in at most 1 month after going off protocol. HRQoL 
assessment was terminated, from the time a patient went off protocol.  

 
Figure A1. Time of the collected HRQoL questionnaires  
The collected HRQoL questionnaires were assigned to T0, T1, T2, T3 and T4.  
HRQoL;health-related quality of life, 
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B. Statistical analysis  
Change in HRQoL over time was assessed by linear mixed models. For differences within the whole study population 
or each arm separately, the linear mixed model only included a fixed effect for time and random intercept for subject. 
For differences between arms, the model included fixed effects for time, treatment arm and their two-way interaction 
and a random intercept for subject. Model estimates were used for post-hoc comparisons of change from baseline, 
within and between arms.  
 

B1. Minimal important difference  
Clinical relevance of the differences and clinically meaningful changes in HRQoL over time were assessed by minimal 
important difference (MID). The MID threshold was defined as > 5 points for clinically relevant differences between 
treatment arms, which is a general accepted threshold.1 Clinically meaningful change from baseline within arms was 
based on the standard error of measurements for multi-item scales2 and  Cohen´s criteria for medium effect size for 
single-item scales.3,4 More specifically, for multi-item scales the MID equals the Cronbach’s 𝛼𝛼 times the standard 
deviation (SD) at baseline/start of maintenance and for single-item scales the MID equals 0·5×SD at baseline/start of 
maintenance. 

In addition, for each arm separately, we calculated the percentage of patients who improved and deteriorated by more 
than MID in HRQoL from their baseline and T2.5 Percentages of improvement or deterioration were compared between 
arms with the chi-square test. 

B2. Impact of missing questionnaires 
No systematic HRQoL data collection was done from the time a patient discontinued treatment. Since patients 
discontinuing treatment might do so because of excessive toxicity, they consequently might have a worse HRQoL than 
patients continuing treatment.6,7 Therefore, HRQoL data could be missing not at random (MNAR) and informative 
since the mechanism might be due to the missing HRQoL result.8,9  

As recommended by Bell and colleagues6, we explored the impact of missing data by comparing the HRQoL course 
over time between patients that discontinued treatment “early” (e.g. during induction therapy) and patients 
discontinuing treatment “late” (e.g. after starting maintenance therapy) or never. A linear mixed model was used, 
including fixed effect for time, timing off protocol (early vs late/never) and their two-way interaction and a random 
intercept for subject. A significant interaction (p-value <0·005) was considered an indication against missing 
(completely) at random (M(C)AR).   

For the multiple imputation analysis, each missing data point multiple (in our study m=5) possible values are imputed: 
several versions of the dataset are being created. Imputation was based on the following 8 variables: gender, treatment 
arm, WHO performance, disease status, timing and reason for going off protocol, starting maintenance yes/no, and 
evaluation time point.  
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C. Induction and maintenance phase together 
Table C1. P-values for the comparison of HRQoL course over time between arms, within the whole study 
population and each arm separately.  
The bold p-values represent a statistically significant change over time where the change from baseline was above the 
threshold for minimal important difference at least at one time point.  

Health-related quality of life 
scales 

Change over 
time between 

arms 

Change over 
time within 
whole study 
population 

Change over 
time within 

arm 
MPT-T  

Change over 
time within 

arm 
MPR-R 

EORTC QLQ-C30      
Global health status/QoL 0·79 <0·001 <0·001 <0·001 
Physical functioning 0·29 <0·001 <0·001 <0·001 
Role functioning 0·41 <0·001 <0·001 <0·001 
Emotional functioning 0·12 <0·001 <0·001 <0·001 
Cognitive functioning 0·013 0·093 0·34 0·003 
Social functioning 0·84 <0·001 <0·001 <0·001 
Fatigue 0·17 <0·001 <0·001 <0·001 
Nausea and vomiting 0·86 <0·001 <0·001 0·001 
Pain 0·004 <0·001 <0·001 <0·001 
Dyspnoea 0·56 <0·001 0·18 <0·001 
Insomnia 0·004 <0·001 <0·001 <0·001 
Appetite loss 0·29 <0·001 <0·001 <0·001 
Constipation 0·008 <0·001 0·003# 0·002 
Diarrhoea <0·001 0·016 0·012 <0·001# 
Financial difficulties 0·84 0·50 0·57 0·77 
Summary score 0·76 <0·001 <0·001 <0·001 

EORTC QLQ-MY20      
Disease symptoms 0·38 <0·001 <0·001 <0·001 
Side effects of treatment 0·003 <0·001 <0·001# <0·001 
Future perspective 0·32 <0·001 <0·001 <0·001 
Body image 0·11 0·54 0·50 0·13 
Peripheral neuropathy <0·001 <0·001 <0·001# 0·001# 

EORTC QLQ-C30; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire C30,  
EORTC QLQ-MY20; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire 
MY20, MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, 
melphalan-prednisone-lenalidomide induction and lenalidomide maintenance therapy. 
# represents a statistically significant worsening in HRQoL over time.  
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Table C2. MID thresholds for clinical meaningful HRQoL change from baseline/start maintenance. 

Health-related quality of life 
scales 

MID 
since start induction 

MID 
since start maintenance 

MPT-T MPR-R Thalidomide Lenalidomide 
EORTC QLQ-C30 

Global health status/QoL 6·9 7·2 5·1 5·5 
Physical functioning 9·7 9·9 9·5 9·6 
Role functioning 10·7 11·2 10·0 10·3 
Emotional functioning 9·6 9·6 7·4 8·6 
Cognitive functioning 14·8 14·9 13·3 13·0 
Social functioning 14·4 14·8 11·8 12·0 
Fatigue 10·4 10·2 9·1 9·4 
Nausea and vomiting 10·6 9·7 8·0 9·7 
Pain 10·7 10·3 11·3 10·7 
Dyspnoea 16·1 14·3 14·9 14·3 
Insomnia 15·8 15·7 10·8 12·3 
Appetite loss 16·8 16·1 14·1 13·4 
Constipation 15·2 15·4 15·0 11·9 
Diarrhoea 11·3 10·6 6·7 12·1 
Financial difficulties 7·7 7·3 8·6 7·4 
Summary score 4·0 4·1 3·5 3·6 

EORTC QLQ-MY20 
Disease Symptoms 11·8 11·6 9·4 9·5 
Side effects of treatment 8·4 8·2 9·5 7·8 
Future Perspective 11·3 11·5 8·7 8·8 
Body Image 14·6 14·1 14·9 13·0 
Peripheral neuropathy 10·4 10·7 13·9 13·3 

MID; minimal important difference, EORTC QLQ-C30; European Organisation for Research and Treatment of Cancer 
Quality of life Questionnaire C30,  EORTC QLQ-MY20; European Organisation for Research and Treatment of Cancer 
Quality of life Questionnaire MY20, MPT-T, melphalan-prednisone-thalidomide induction and thalidomide 
maintenance therapy; MPR-R, melphalan-prednisone-lenalidomide induction and lenalidomide maintenance therapy. 
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HRQoL over time within and between treatment arms 
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Figure C1. Estimated change in HRQoL score from baseline with corresponding 95% confidence intervals for 
the 16 scales with no statistically significant difference in change over time between treatment arms. 
The p-values correspond to the difference in change over time between arms. Time points with clinical relevant 
difference between arms score are marked with *. The dashed horizontal line represents the calculated threshold for 
minimal important difference (MID), the black for MPT-T and the blue for the MPR-R treatment. The green arrows 
indicate the direction of improvement in functioning or reduction of symptoms. The red arrows indicate the direction of 
deterioration in functioning or increasing in symptoms.  
MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-
prednisone-lenalidomide induction and lenalidomide maintenance therapy. 
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D. Maintenance phase separately 
Table D1. Mean HRQoL scores at T2, e.g. before start of maintenance treatment with thalidomide or 
lenalidomide.  
P-values correspond to the comparison of the mean values between arms at T2. 

Health-related quality of life 
scales 

Thalidomide 
maintenance 

baseline mean 
scores (SD) 

(N=95) 

Lenalidomide 
maintenance 

baseline mean 
scores (SD)  

(N=147) 

P-values 

EORTC QLQ-C30     
Global health status/QoL 61·6 (18·1) 67·3 (19·5) 0·024 
Physical functioning 65·1 (20·9) 68·9 (21·3) 0·18 
Role functioning 58·7 (29·4) 61·5 (30·1) 0·48 
Emotional functioning 79·4 (18·8) 81·6 (21·8) 0·41 
Cognitive functioning 78·4 (20·8) 84·5 (20·2) 0·025 
Social functioning 74·2 (24·8) 77·1 (25·1) 0·39 
Fatigue 36·1 (24·0) 36·4 (24·9) 0·95 
Nausea and vomiting 3·7 (9·2) 4·9 (11·1) 0·38 
Pain 26·1 (27·5) 26·6 (25·9) 0·89 
Dyspnoea 31·2 (29·9) 24·9 (28·6) 0·10 
Insomnia 11·2 (21·5) 19·5 (24·6) 0·006 
Appetite loss 17·5 (28·3) 15·6 (26·8) 0·60 
Constipation 32·6 (30·0) 17·8 (23·9) <0·001 
Diarrhoea 4·6 (13·5) 15·1 (24·2) <0·001 
Financial difficulties 5·6 (17·3) 4·3 (14·8) 0·54 
Summary score 71·0 (12·4) 72·3 (12·7) 0·42 

EORTC QLQ-MY20     
Disease symptoms 20·5 (16·7) 20·9 (16·7) 0·87 
Side effects of treatment 22·1 (16·0) 16·2 (13·1) 0·002 
Future perspective 66·5 (22·5) 68·7 (22·7) 0·47 
Body image 77·0 (29·7) 85·3 (26·0) 0·028 
Peripheral neuropathy 30·1 (27·8) 16·2 (26·7) <0·001 

EORTC QLQ-C30; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire C30,  
EORTC QLQ-MY20; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire 
MY20.  
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Table D2. P-values for the comparison of HRQOL course over time during maintenance between arms and 
within each arm separately.  
The bold p-values represent a significant change over time where the change from start maintenance was above the 
threshold for minimal important difference at least at one time point.  

Health-related quality of life  
scales 

Change over 
time between 
maintenance 

arms 

Change over 
time within 

whole 
population 

Change over 
time within 

arm 
Thalidomide 

Change over 
time within 

arm 
Lenalidomide 

EORTC QLQ-C30      
Global health status/QoL 0·98 <0·001 0·042 0·003 
Physical functioning 0·041 0·002 0·64 <0·001 
Role functioning 0·082 <0·001 0·58 <0·001 
Emotional functioning 0·97 0·006 0·20 0·032 
Cognitive functioning 0·80 0·003 0·053 0·066 
Social functioning 0·43 <0·001 0·003 0·024 
Fatigue 0·58 <0·001 0·095 <0·001 
Nausea and vomiting 0·39 0·89 0·53 0·59 
Pain 0·26 0·069 0·95 0·028 
Dyspnoea 0·92 <0·001 0·051 0·004 
Insomnia 0·31 0·31 0·82 0·12 
Appetite loss 0·28 <0·001 0·003 <0·001 
Constipation 0·49 0·005 0·036 0·15 
Diarrhoea 0·85 0·045 0·52 0·12 
Financial difficulties 0·48 0·26 0·22 0·76 
Summary score 0·85 <0·001 0·005 <0·001 

EORTC QLQ-MY20      
Disease symptoms 0·77 0·97 0·71 0·98 
Side effects of treatment 0·86 0·006 0·34 0·019 
Future perspective 0·84 0·003 0·28 0·011 
Body image 0·70 0·82 0·74 0·80 
Peripheral neuropathy <0·001 <0·001# <0·001# 0·89 

EORTC QLQ-C30; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire C30,  
EORTC QLQ-MY20; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire 
MY20, # represents a statistically significant worsening in HRQoL over time.  
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Figure D1. Graphs of the estimated mean score HRQoL change from start of maintenance with corresponding 
95% confidence intervals and p-value for change over time between treatment arms.  
Time points with ≥5 difference in mean change from start of maintenance are marked with *, which represents a clinical 
relevant difference between the two treatment arms. The dotted horizontal line represents the calculated threshold for 
minimal important difference for the maintenance phase, the blue for the lenalidomide and the black for thalidomide 
maintenance. The green arrows indicate the direction of improvement in functional scales or reduction of symptom 
scales. The red arrows indicate the direction of deterioration in functional scales or increasing of symptom scales. 
MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-
prednisone-lenalidomide induction and lenalidomide maintenance therapy  
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E. Impact of missing questionnaires  
The results of the comparison of the course of HRQoL between patients who discontinued treatment early (before or at 
T2) versus late/never (after T2 or never) are presented in table F2 and figure F2.  

Table E1. P-values of two-way interaction for the comparison of HRQoL course over time between patients 
discontinuing treatment early versus late.  
The bold p-values represent a significant change (<0·005). 

Health related quality of life 
scale 

Within whole 
population 

Within arm 
MPT-T 

Within arm 
MPR-R 

EORTC QLQ-C30     
Global health status/QoL 0·36 0·49 0·31 
Physical functioning 0·18 0·11 0·65 
Role functioning 0·092 0·14 0·36 
Emotional functioning <0·001 0·027 0·002 
Cognitive functioning 0·19 0·12 0·97 
Social functioning 0·033 0·072 0·18 
Fatigue 0·24 0·27 0·077 
Nausea and vomiting 0·44 0·48 0·53 
Pain 0·12 0·14 0·85 
Dyspnoea 0·66 0·91 0·93 
Insomnia 0·059 <0·001 0·67 
Appetite loss 0·23 0·13 0·015 
Constipation 0·34 0·011 0·31 
Diarrhoea 0·77 0·20 0·65 
Financial difficulties 0·66 1·00 0·25 
Summary score 0·17 0·061 0·13 

EORTC QLQ-MY20     
Disease symptoms 0·096 0·19 0·54 
Side effects of treatment 0·13 0·51 0·23 
Future perspective 0·19 0·60 0·23 
Body image 0·60 0·61 0·24 
Peripheral neuropathy <0·001 0·016 0·36 

EORTC QLQ-C30; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire C30,  
EORTC QLQ-MY20; European Organisation for Research and Treatment of Cancer Quality of life Questionnaire 
MY20, MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, 
melphalan-prednisone-lenalidomide induction and lenalidomide maintenance therapy.  
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Figure E1. Course of HRQoL for scales with a statistically significant difference between patients that 
discontinued treatment early (before or at T2) versus late (after T2) or never.  
The green arrows are indicating the direction of improvement in functioning or reduction of symptoms.  
MPT-T, melphalan-prednisone-thalidomide induction and thalidomide maintenance therapy; MPR-R, melphalan-
prednisone-lenalidomide induction and lenalidomide maintenance therapy   
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Abstract
Objectives: The Danish Myeloma Study Group initiated a randomized, placebo‐con‐
trolled, double‐blinded phase II study to investigate the efficacy of adding clarithro‐
mycin to cyclophosphamide‐bortezomib‐dexamethasone (VCD) induction therapy in 
transplant eligible, newly diagnosed multiple myeloma patients. The study was pre‐
maturely terminated due to severe complications, and no effect of adding clarithro‐
mycin was found. The aim of this study was to compare health‐related quality of life 
(HRQoL) between the two groups and to explore the coherence hereof with adverse 
event (AE) registration by clinicians.
Methods: Patients completed three validated HRQoL questionnaires at inclusion, before 
cyclophosphamide priming, and two months after high‐dose therapy (HDT). The mean 
score difference was interpreted by clinically relevant differences between groups. 
Spearman’s correlation analysis was used to compare patient‐reported toxicities with AEs.
Results: Of 58 included patients, 55 participated in the HRQoL reporting. Before 
cyclophosphamide priming, patients in the clarithromycin group reported clinically 
relevant reduced HRQoL for eleven domains with persistent reduction in four do‐
mains two months after HDT. Poor correlation between patient‐reported toxicities 
and clinician‐reported AEs was observed.
Conclusions: Despite the premature study termination, our data demonstrate im‐
paired HRQoL when clarithromycin was added to the VCD regimen. We found clear 
underreporting of toxicities by clinicians. ClinicalTrials.gov number NCT02573935.

K E Y W O R D S

clinical trials, multiple myeloma, quality of life, transplantation

1  | INTRODUC TION

Analyses of health‐related quality of life (HRQoL) captured 
by patient‐reported outcomes (PRO) are incorporated in 
most randomized phase II and III clinical cancer studies.1 

Patient‐experienced benefits and toxicities are valuable pa‐
rameters for shared treatment decision‐making in daily prac‐
tice.2-4 Also, PRO data results are important from a regulatory 
perspective in the evaluation of medicinal products, which has 
been stated by the US Food and Drug Administration (FDA) 
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and European Medicine Agency (EMA) when new drugs or drug 
combinations are approved.5,6

Health‐related quality of life during induction therapy and high‐
dose chemotherapy with stem cell support (HDT) in newly diag‐
nosed multiple myeloma (MM) patients has been reported in more 
studies.7-11 In general, the patients report unchanged global qual‐
ity of life (QoL) during induction therapy with clinically meaningful 
deterioration in global QoL, physical functioning and increased de‐
gree of pain and fatigue two weeks after HDT. Two months after 
HDT the patients report full recovery and further improvement until 
12 months after HDT.12

The Danish Myeloma Study Group (DMSG) initiated a random‐
ized, placebo‐controlled double‐blinded phase II study to investigate 
the efficacy and safety of adding clarithromycin to bortezomib‐cy‐
clophosfamide‐dexamethason (VCD) induction therapy prior to HDT 
in newly diagnosed MM patients.13 Clarithromycin in combination 
with lenalidomide and low‐dose dexamethasone is been found to 
be an effective treatment regimen with manageable side effects in 
treatment naïve symptomatic MM patients.14 The rationale for this 
study, entitled the CLAIM study, was to test these previous findings 
using a randomized placebo‐controlled study design with addition of 
patient‐reported HRQoL captured by validated PRO questionnaires. 
In fact, a valid investigation of HRQoL during an anti‐myeloma reg‐
imen with addition of clarithromycin has to our knowledge never 
been published.

The CLAIM study was prematurely terminated on 16 September 
2016, after inclusion of 58 patients, due to a high incidence of seri‐
ous adverse events (AE) in the intervention group. Response data 
did not suggest any effect of adding clarithromycin to the VCD reg‐
imen.13 The primary objective of this analysis was to evaluate the 
patient‐reported HRQoL in patients receiving clarithromycin added 
to the VCD induction therapy. The secondary objective was to com‐
pare patient‐reported toxicities to AEs reported by clinicians.

2  | PATIENTS AND METHODS

2.1 | Study design

Study details have been published previously.13 Newly diagnosed 
transplant‐eligible MM patients with treatment‐demanding disease 
according to the International Myeloma Working Group criteria 
were eligible for inclusion.15 The patients were randomized (1:1 
ratio) to treatment with clarithromycin 500 mg orally twice daily or 
a matching placebo tablet for 63 days in combination with VCD in‐
duction therapy. The VCD regimen consisted of three 21‐day cycles 
of subcutaneous bortezomib 1.3 mg/m2 day 1, 4, 8, 11, intravenous 
cyclophosphamide 500 mg/m2 on days 1 and 8, and 40 mg dexa‐
methasone orally on days 1, 2, 4, 5, 8, 9, 11 and 12 of each cycle. 
After initiating the protocol, an amendment was approved to include 
a fourth VCD cycle prior to stem cell harvest according to an update 
of the Danish National Multiple Myeloma guidelines. No changes 
were made in relation to dosage or duration of study medication 
or placebo with the amendment. The study was approved by the 

Danish Ethical Committee, the patients provided written informed 
consent before participation and the trial was conducted in accord‐
ance with the principles of the Helsinki Declaration.

2.2 | Health‐related quality of life assessment

For HRQoL assessment, two “European Organisation for Research 
and Treatment of Cancer Quality of life” (EORTC) questionnaires were 
used; the cancer specific QoL instrument QLQ‐C3016 and the Multiple 
Myeloma module QLQ‐MY20.17 The EORTC QLQ‐C30 is a validated, 
reliable and the most commonly used instrument for HRQoL meas‐
urement in clinical trials with MM patients.12,18 The EORTC QLQ‐C30 
contains one global QoL domain, five functional domains (physical, 
role, emotional, cognitive and social) and nine symptom domains 
(fatigue, nausea and vomiting, pain, dyspnoea, insomnia, appetite 
loss, constipation, diarrhoea and financial difficulties).19 The EORTC 
QLQ‐MY20 contains two functional domains (future perspective and 
body image) and two symptom domains (disease symptoms and side 
effects of treatment). Each domain was scored from 0 to 100 and for 
the functional and global QoL domains, a higher score means better 
functioning/global QoL, and for the symptom domains, a higher score 
means a higher degree of symptoms.

For evaluation of peripheral neuropathy, the “Functional 
Assessment of Cancer Therapy/Gynecologic Oncology Group 
Neurotoxicity” (FACT/GOG‐ntx) subscale was used, which is a sin‐
gle domain 11‐item questionnaire.20 The questionnaire has been 
validated and used previously in myeloma patients for evaluation 
of treatment‐related peripheral neuropathy.21,22 The domain was 
scored from 0 to 44 and a higher score means a lower degree of 
peripheral neuropathy.

2.3 | Health‐related quality of life data 
collection procedure

The three questionnaires were scheduled to be completed by the pa‐
tients at baseline (inclusion), before cyclophosphamide priming and 
two months after HDT. The patients were encouraged to complete 
the questionnaires electronically at home via a link sent by e‐mail. 
The Internet‐based tool of Electronic Data Capture platform has 
been well accepted by haematological patients.23 The email with a 
link was sent to patients at baseline, at day 60 and 180 after inclu‐
sion. If patients did not complete the questionnaire within 24 hr, a 
reminder was sent, and in case of non‐response seven days after the 
target date, the link to the questionnaire was blocked. Patients, who 
were not willing or able to answer the questionnaires electronically, 
completed the questionnaires by paper at study visits before cyclo‐
phosphamide priming and two months after HDT.

2.4 | Adverse events reported by clinicians

AEs were evaluated according to “Common Terminology Criteria of 
Adverse Events” (CTCAE) version 4.024 at day 1 of each VCD induc‐
tion cycle, at study visits before cyclophosphamide priming and two 
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months after HDT by clinicians. All unresolved AEs at the visit before 
cyclophosphamide priming were followed by the responsible clini‐
cian until the AEs were resolved.

2.5 | Statistical methods and handling of 
missing data

Calculation of domain scores and handling of missing items were 
performed as described in EORTC and FACT scoring manuals.19,25 
For the analysis of the HRQoL mean scores results, mixed model 
for repeated measures with an unstructured covariance matrix 
was used. A baseline constrained model where baseline values 
are constrained to be equal across treatment groups was cho‐
sen.26 Due to early study, termination sample size was lower than 
planned. Therefore, the HRQoL results were primarily interpreted 
by thresholds of clinical relevance between treatment groups.27 
A treatment group difference of ≥5 point was defined as clinically 
relevant for the EORTC domains and ≥11.8 points for the FACT/
GOG‐ntx subscale.28,29

To explore the impact of non‐responses to scheduled question‐
naires, sensitivity analyses of the results of the global QoL domain were 
performed using two methods (A and B). First, variables predicting 
non‐responses were explored using odds ratio analyses.30-32 Variables 
tested for baseline non‐responses were creatinine, haemoglobin, C‐
reactive protein and World Health Organization Performance Status 

(WHO PS) at baseline. For non‐responses to the follow‐up question‐
naires, grade 1‐2 AE, grade 3‐4 AE, postponed induction cycle (more 
than 42 days from day 1 cycle 1 to day 1 cycle 3), dose reduction of 
bortezomib, dexamethasone or cyclophosphamide, were tested as 
predictors for non‐responses. In sensitivity analysis method A, mul‐
tiple imputations were used. Missing scores were imputed using each 
patients´ creatinine, haemoglobin, C‐reactive protein, WHO PS, grade 
3‐4 AE, information on dose reduction of bortezomib, dexamethasone 
or cyclophosphamide, postponed induction cycle or other values of 
global QoL.33-35 In sensitivity analysis method B, we identified the 
non‐responses in the dataset, which were timely coincident 7 days 
before to 30 days after with the previously found predictive variables 
for non‐responses. The timely coincident missing scores for the non‐
responses were replaced by the worst possible score for global QoL in 
the dataset, and the analysis was repeated.

Spearman’s correlation analysis was used to compare AEs 
assessed by clinicians with patient‐reported toxicities. Cohen´s 
criteria for medium effect size was used to calculate the minimal 
important difference (MID) for the clinically meaningful change 
(0.5 × SD at baseline), and a score change above the MID was de‐
termined as clinical meaningful to the patient.36-38 We used Fleiss 
thresholds for agreement to interpret the rho score; rho values of 
<0.40 were poor agreement, values between 0.40 and 0.75 were 
moderate to good agreement, and values >0.75 were excellent 
agreement.39

TA B L E  1  Patient demographics

Characteristics
Clarithromycin group 
N = 25

Placebo group 
N = 30

Median age, years (IQR) [range] 64 (55; 67) [40; 70] 62 (55; 66) [37; 70]

Sex, Male (N) 19 (63.3%) 19 (76.0%)

Type of myeloma (N)

IgA 3 (12.0%) 9 (30.0%)

IgG 18 (72.0%) 16 (53.3%)

Light chain 4 (16.0%) 5 (16.7%)

Disease stage according to ISS (N)

I 7 (29.2%) 7 (24.1%)

II 9 (37.5%) 18 (62.1%)

III 8 (33.3%) 4 (12.9%)

Missing 1 1

Β‐2 microglobulin, mg/L (SD) [range] 3.4 (2.4; 7.2) [1.6; 27.1] 3.6 (2.6; 4.6) [1.9; 23.4]

Missing values 1 1

LDH, units/L (SD) [range] 164 (146; 212) [101; 267] 178 (158; 215) [110; 487]

Missing values 1 3

Serum creatinine, μmol/L (SD) [range] 81 (69; 92) [50; 271] 84 (67; 97) [45; 167]

WHO performance status scale (N)

0 13 (52.0%) 17 (56.7%)

≥1 12 (48.0%) 13 (43.3%)

IQR, Interquartile range; ISS, International Staging System; LDH, Lactate dehydrogenase; WHO, World 
Health Organization.
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P‐values below 0.05 were considered significant. R version 3.3.3 
(R Foundation for Statistical Computing, Vienna, Austria) and SAS 
version 9.4 (SAS institute, Cary, NC, USA). SAS was used for mixed 
model for repeated measures, whereas R package “mice” was used 
for multiple imputations.

3  | RESULTS

3.1 | Patient population and compliance

From the time of inclusion of the first patient on 16 November 2015 
until termination of the study on 16 September 2016, 58 patients 
were included. Three patients did not answer any of the question‐
naires and were excluded from the HRQoL analysis. Of the patients 
included in the analysis, 25 patients were allocated to clarithromycin 
and 30 patients to placebo. Patient baseline characteristics are pre‐
sented in Table 1.

The completeness rates of questionnaires were 84% in the clar‐
ithromycin group and 89% in the placebo group. Mean scores at 
baseline and SD for each domain and treatment group are presented 

Health‐related quality of life 
domains

Clarithromycin group 
Mean score (SD) 
N = 25

Placebo group 
Mean score (SD) 
N = 30

EORTC QLQ‐C30

Global QoL 51.7 (25.3) 60.1 (28.0)

Physical functioning 64.6 (26.5) 63.9 (30.9)

Role functioning 48.6 (35.8) 48.3 (41.9)

Emotional functioning 75.7 (17.9) 72.3 (21.2)

Cognitive functioning 86.8 (17.0) 81.0 (19.1)

Social functioning 78.5 (25.8) 75.0 (35.3)

Fatigue 39.4 (30.0) 39.5 (29.0)

Nausea and vomiting 9.0 (12.0) 9.2 (17.0)

Pain 45.8 (39.7) 55.7 (40.2)

Dyspnoea 16.7 (19.7) 13.8 (24.4)

Insomnia 27.8 (27.2) 39.1 (30.9)

Appetite loss 13.9 (25.9) 16.1 (30.4)

Constipation 34.7 (37.4) 28.6 (32.3)

Diarrhoea 8.3 (17.7) 4.8 (11.9)

Financial difficulties 5.8 (12.9) 7.1 (18.9)

EORTC QLQ‐MY20

Disease symptoms 32.1 (21.2) 39.8 (30.4)

Side effects of treatment 13.6 (9.9) 13.4 (13.4)

Future perspective 76.8 (34.0) 84.0 (26.7)

Body image 41.5 (29.1) 41.2 (38.4)

FACT/GOG‐Ntx subscale 8.7 (9.3) 8.0 (8.6)

EORTC QLQ‐C30, European Organisation for Research and Treatment of Cancer Quality of Life 
Questionnaire core questionnaire; EORTC QLQ‐MY20, European Organisation for Research and 
Treatment of Cancer Multiple Myeloma module; FACT/GOG‐Ntx subscale, Functional Assessment 
of Cancer Therapy/Gynecologic Oncology Group Neurotoxicity subscale; SD, Standard deviation.

TA B L E  2  Baseline mean scores and 
standard deviation for the two treatment 
groups

F I G U R E  1  CONSORT flow diagram of the number of patients 
in follow‐up and number of completed questionnaires. HRQoL; 
health‐related quality of life, HDT; high‐dose chemotherapy with 
stem cell support 

Two months after HDT
Patients on protocol (N=28)
Completed questionnaires (N=22)

Before cyclophosphamide priming
Patients on protocol (N=29)
Completed questionnaires (N=27)

Baseline
Allocated to placebo (N=30)
Completed questionnaires (N=29)

Before cyclophosphamide priming
Patients on protocol (N=22)
Completed questionnaires (N=16)

Baseline
Allocated to clarithromycin (N=25)
Completed questionnaires (N=24)

Two months after HDT
Patients on protocol (N=21)
Completed questionnaires (N=17)

Patients randomized (N= 58)

Excluded from HRQoL analysis
No questionnaires completed (N=3)
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F I G U R E  2   (A‐C) Graphs of the domains with a clinical relevant difference between the two treatment groups before cyclophosphamide 
priming. For physical, role and social functioning and insomnia and constipation the clinical relevant differences were persistent two 
months after HDT. For the functional domains including global health status/QoL,a higher score means better functioning/QoL, and for the 
symptom domains, a higher score means a higher degree of symptoms.

Func�onal domains – in favour of placebo

Symptom domains – in favour of placebo

Symptom domains – in favour of clarithromycin

(A)

(B)

(C)
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in Table 2. The mean baseline scores in global QoL were imbalanced 
with a difference of 8.4 points between the two groups and a graph 
of change in global QoL score over time is presented in the supple‐
mentary file Figure S1. The number of patients in the study at base‐
line, before cyclophosphamide priming and two months after HDT 
and the number of completed questionnaires are presented in the 
CONSORT diagram in Figure 1. The main reason for early patient 
drop out was serious AEs, which was the case for four patients in the 
clarithromycin group and one patient in the placebo group.

Thirty‐four patients (62%) completed the questionnaires elec‐
tronically, and 21 patients (38%) chose paper questionnaires. Since 
some VCD induction cycles were postponed due to complications 
and some patients were treated with four cycles of VCD, not all 
patients completed the follow‐up questionnaires at the scheduled 
time points before cyclophosphamide priming and two months after 
HDT. The follow‐up questionnaires before cyclophosphamide prim‐
ing were completed with a median of nine days too early (range −51 
to 11) for the clarithromycin group and 12 days too early (range −41 
to 1) for the placebo group. Also, the two months after HDT assess‐
ments were completed with a median of four days too early (range 
−36 to 45) for the clarithromycin group and one day too early (range 
−38 to 19) for the placebo group.

3.2 | Comparison of HRQoL between 
treatment groups

HRQoL domains with a clinical relevant difference in mean change 
of score before cyclophosphamide priming are presented in Figure 2, 
and the domains with no clinical relevant difference are presented in 
the supplementary file Figure S2.

Before cyclophosphamide priming, the patients in the clarithro‐
mycin group reported clinically relevant reduced global QoL, physi‐
cal, role, emotional and social functioning, body image and increasing 
fatigue, insomnia, disease symptoms, side effects of treatment and 
peripheral neuropathy compared to the patients in the placebo group. 
Two months after HDT, the clinical relevant reduced HRQoL was per‐
sistent for physical, role and social functioning, and insomnia. Only for 
diarrhoea and constipation before cyclophosphamide priming and for 
constipation two months after HDT, the patients receiving clarithro‐
mycin reported clinically relevant reduced symptoms compared to 
the patients receiving placebo. The mean score difference for global 
QoL between the two groups was −16.2 points (95% CI −2.6; −29.8, 
P = 0.021) before cyclophosphamide priming and −4.9 (95% CI −11.1; 
20.8, P = 0.54) two months after HDT. The p‐values for comparison 
of mean change in score from baseline between the two treatment 
groups are presented in the supplementary file Table S1.

The only statistical significant predictor for non‐responses to 
scheduled questionnaires was registration of grade 3 or 4 AEs with 
an odds ratio of 4.2 (P = 0.03) before cyclophosphamide priming and 
3.5 (P = 0.04) two months after HDT. A table of grade 3 or 4 AEs 
is presented in the Table S2. Using multiple imputation for non‐re‐
sponses coincident with registration of grade 3 and 4 AEs (method 
A), the mean score differences for global QoL were −15.8 (95% CI 

−29.1; −2.6 P = 0.019) before cyclophosphamide priming and −3.1 
(95% CI −17.9; 11.7, P = 0.68) two months after HDT. For method B, 
we replaced the score of non‐responses with the worst possible re‐
ported score for global QoL in the dataset, which was zero. We found 
mean score differences of −20.4 (95% −35.5; −5.3, P = 0.009) be‐
fore cyclophosphamide priming and −6.4 (95% −22.6; 9.7, P = 0.009) 
two months after HDT. The results of and the sensitivity analyses 
method A and B are illustrated in Figure 3.

3.3 | Adverse events registered by clinicians and 
patient‐reported toxicities

In the correlation analysis, we compared clinician registered AEs 
to the patient‐reported toxicities for the eight toxicity domains 
of fatigue, nausea and vomiting, dyspnoea, insomnia, appetite 
loss, constipation, diarrhoea and peripheral neuropathy. Since 
some discrepancies were observed between the time points of AE 
evaluation by clinicians at the study visits and the time points of 
answered questionnaires, time effect correlation analyses were 
carried out. For constipation, we observed a statistically signifi‐
cant time effect before cyclophosphamide priming (rho = −0.39; 
P = 0.012) and two months after HDT (rho = 0.47; P = 0.005). Also, 
for diarrhoea, there was a statistically significant time effect two 
months after HDT (rho = −0.34; P = 0.045). Therefore, correlation 
analyses were not performed for constipation at the two follow‐
up time points and for diarrhoea two months after HDT. Overall, 
poor correlations between the patient‐reported toxicity and clini‐
cian registered AEs for all six toxicities were found with rho values 
<0.4 (Table 3).

4  | DISCUSSION

Our data demonstrate that MM patients report a clinically relevant 
reduced HRQoL, when clarithromycin is added to the VCD regimen 

F I G U R E  3   Impact of non‐responses to scheduled 
questionnaires. The analysis using mixed model repeated 
measure (solid lines), sensitivity analysis method A using multiple 
imputations (dotted lines) and sensitivity analysis methods B using 
missing score replacement with zero (spotted lines).
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with persisting HRQoL sequelae two months after HDT. Using reg‐
istered toxicities by CTCAE this knowledge could not be concluded 
from the clinicians’ AE evaluation, since they underreported symp‐
tomatic toxicities.

A limitation of our results is that it is based on an under‐
powered study due to premature study termination with a poor 
questionnaire completion rate, which made us unable to obtain 
a valid statistical result. Still, when comparing our results to ex‐
isting literature of HRQoL during induction therapy and HDT in 
MM patients, it is noteworthy that the patients in the clarithro‐
mycin group reported decreased HRQoL after induction phase.7,9 
Our findings could be explained by the pharmacokinetics of bor‐
tezomib and clarithromycin. Bortezomib is primarily metabolized 
by the cytochrome P450 enzyme CYP3A4, which is known to be 
inhibited by clarithromycin. Thus, the reduced HRQoL could be a 
result of increased biological effect of bortezomib in the clarithro‐
mycin group.13 Clarithromycin has been used in other treatment 
regimens for MM often in combination with lenalidomide and low‐
dose dexamethasone, which is found to have favourable toxicity 
profile.14 This discrepancy in AE findings compared to our study 
supports the explanation of being caused by the pharmacokinetic 
interaction between bortezomib and clarithromycin, when those 
two drugs are administrated in parallel. In the CLAIM study, spe‐
cial precaution was made for the potential risk of QT prolongation, 
ventricular tachycardia and sudden death caused by clarithromy‐
cin. Severe cardiac disease or QT prolongation was exclusion cri‐
teria, and ECG was performed at screening, on day 4 and before 
start of VCD cycle 2. If the patient developed QT prolongation 

(QTc interval > 500 ms), the clarithromycin/placebo treatment 
was permanently discontinued. However, no serious cardiovascu‐
lar events were reported during the study.13

In clinical studies, AEs are traditionally collected as described in 
CTCAE guideline by clinicians.24 Drug efficacy and toxicity profile 
analyses are included in the process where a given drug is consid‐
ered for approval by the FDA and EMA. In earlier studies comparison 
of CTCAE and patient‐reported toxicities revealed underreporting 
of toxicities by the clinicians as compared to patient‐reported tox‐
icities.40,41 Our study confirmed this discrepancy, thereby empha‐
sizing the importance of including HRQoL as an endpoint in clinical 
trials. Also, it highlights the potentially important role of integrating 
PRO data in real‐time safety monitoring in clinical trials as well as 
in the daily clinical practice.42 A limitation in the interpretation of 
our results when comparing patient‐reported toxicities and clinician 
reported AEs is the lack of synchronous registration of toxicities by 
clinicians and patients and the retrospective nature of the analysis. 
Still, we believe the results are convincing since clinicians may tend 
to underreport AEs.40

In this current study, we observed that there were non‐responses 
to scheduled questionnaires, which is a common challenge in PRO 
data collection, analysis and interpretation.32,43,44 The potential con‐
sequences of non‐responses are decreased precision and power, and 
more seriously, the introduction of bias to the PRO data results, when 
a patient fails to complete a questionnaire because of severe illness or 
other reasons. It is recommended to design clinical studies with PRO 
data collection with focus on minimization of non‐responses and to 
perform sensitivity analysis to explore the impact of non‐responses 
on the PRO data results.44,45 In our study, more patients in the clari‐
thromycin group dropped out early due to serious AEs resulting in a 
lower questionnaire completion compared to patients in the placebo 
group. Therefore, the analyses performed are hypothetically fragile for 
biased results. We performed analyses to explore the impact of non‐re‐
sponses of being “missing not at random”.46 We examined the mecha‐
nisms of non‐responses and found that registration of a grade 3‐4 AEs 
was a predictor of non‐responses, which confirms that some of the 
non‐responses were “missing not at random.” When integrating this in‐
formation into the sensitivity analysis method B, it was confirmed that 
non‐responses to questionnaires do impact the results of the global 
QoL domain and that our results might be conservative. However, in 
the sensitivity analysis method A using multiple imputations, we found 
no impact of non‐responses on the global QoL results. Limitations in 
using the multiple imputation method in our study are the low sample 
size and a limited number of patients with grade 3 or 4 AEs reporting a 
global QoL score. Also, the global QoL domain is described as a “distal” 
measure with limitations in interpretability due to greater mediation 
by personal and environmental characteristics rather than disease and 
treatment‐related chances.47

In conclusion, the CLAIM study demonstrated that adding clari‐
thromycin to the VCD regimen in MM patients resulted in impaired 
HRQoL during the VCD induction phase continuing up to two months 
after HDT. The study emphasizes that well‐designed randomized, 
double‐blinded and placebo‐controlled studies with PRO data 

TA B L E  3  Correlation between registered adverse events by 
clinicians and patient‐reported toxicities. Any grade of toxicity 
according to Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0, patient‐reported change from baseline above 
the threshold for minimal important difference calculated by 
Cohen’s medium effect size (0.5 × SD of mean baseline score) for 
the domain

Patient‐reported 
toxicities

Before cyclophos‐
phamide priming 
Correlation

Two months after 
HDT 
Correlation

Rho P‐value Rho P‐value

Diarrhoea ‒0.10 0.53 NA NA

Constipation NA NA NA NA

Nausea and 
vomiting

‒0.11 0.51 ‒0.31 0.06

Fatigue 0.35 0.023 ‒0.01 0.97

Insomnia 0.20 0.20 ‒0.09 0.61

Peripheral 
neuropathy

0.29 0.075 ‒0.02 0.90

Dyspnoeaa — — — —

Appetite loss 0.02 0.92 0.26 0.13

aCorrelation calculation was not possible, since none of the patients had 
dyspnoea registered as an adverse event, NA; correlation analysis was 
not performed since a statistically significant time effect was found. 
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collection is necessary to determine drug risk benefit assessment, 
and also to test well‐known drugs in new combinations. Treatment 
with clarithromycin and VCD in parallel cannot be recommended 
because of a higher risk of complications and reduced HRQoL. The 
PRO data in the CLAIM study played a key role in explaining the 
causality link between the observed complications and the possible 
interaction between clarithromycin and bortezomib. In addition, the 
study demonstrates that “real‐time” monitoring of patient‐reported 
toxicities as a supplement to CTCAE registration should be included 
in clinical trials. The National Cancer Institute´s PRO version of the 
common terminology criteria for adverse events (PRO‐CTCAE) has 
been validated and found feasible in clinical trials for documentation 
of symptomatic toxicities.48 With this tool, PRO data can be incor‐
porated into future clinical cancer studies. Moreover, PRO data will 
most likely be a useful tool in shared treatment decision making in 
clinical practice. Studies designed to validate the use of PRO data in 
daily practice are warranted.
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Figure 1S. Graph of the predicted mean value for the global quality of life domain and 95% confidence 

intervals.  
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Functional domains – with no clinical relevant differences 

  

 

   

Symptom domains – with no clinical relevant differences 

  

 

Figure 2S. Graphs of the domains with a no clinical relevant difference between the two treatment groups 

before cyclophosphamide priming or two months after HDT.  

For the functional domains including global health status/QoL,a higher score means better 

functioning/QoL, and for the symptom domains, a higher score means a higher degree of symptoms.    
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Table 1S. P-values for comparison of mean change in score from baseline between the clarithromycin 

group compared to the placebo group before cyclophosphamide priming and two months after high-dose 

chemotherapy with stem cell support. Statistical significant p-values are marked in bold (p<0.05).   

Health-related quality of life 
domains 

Before cyclophosphamide 
priming 

Two months after HDT 

P-value P-value 

EORTC QLQ-C30   

Global QoL 0.02 0.54 
Physical Functioning 0.12 0.30 
Role Functioning 0.10 0.10 
Emotional Functioning 0.19 0.32 
Cognitive Functioning 0.76 0.60 
Social Functioning 0.05 0.43 
Fatigue 0.34 0.80 
Nausea and vomiting 0.20 0.74 
Pain 0.79 0.82 
Dyspnoe 0.83 0.65 
Insomnia 0.34 0.17 
Appetite loss 0.62 0.50 
Constipation 0.60 0.09 
Diarrhoea 0.41 0.64 
Financial difficulties 0.66 0.15 

EORTC QLQ-MY20    

Disease symptoms 0.13 0.53 
Side effects of treatment 0.19 0.76 
Future Perspective 0.94 0.34 
Body image 0.01 0.83 

FACT/GOG-Ntx subscale <0.01 0.11 
HDT; high-dose chemotherapy with stem cell support, EORTC QLQ-C30; European Organisation for Research and 

Treatment of Cancer Quality of Life Questionnaire core questionnaire, EORTC QLQ-MY20; European Organisation for 

Research and Treatment of Cancer Multiple Myeloma module, FACT/GOG-Ntx subscale; Functional Assessment of 

Cancer Therapy/Gynecologic Oncology Group Neurotoxicity subscale 
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Table 2S. Most common adverse events grade 3-4 in the clarithromycin and placebo group reported by 

clinicians. 

 Clarithromycin group 
N=25 

Placebo group 
N=30 

Haematological events   
Thrombocytopenia 2 (7.4%) 0 

Anemia 2 (7.4%) 0 

Neutropenia 1 (3.7%) 0 

Gastrointestinal events   

Typhlitis and colon perforation   2 (7.4%) 1 (3.2%) 

Paralytic ileus 2 (7.4%) 0 

Constipation 1 (3.7%) 0 

Diarrhea 3 (11.1) 1 (3.2%) 

Dyspepsia 0 0 

Nausea  0 0 

Infections    

Respiratory tract infection 1 (3.7%) 5 (16.1%) 

Urinary tract infection 0  1 (3.2%) 

Septicaemia 5 (18.5%) 1 (3.2%) 

Other infections 
 

4 (14.8%) 5 16.1%) 

Other candidiasis 1 (3.7%) 0 

Nervous system disorders 
 

  

Peripheral sensory neuropathy 0 0 

Dizziness 1 (3.7%) 0 

Other conditions 
 

  

Peripheral oedema 1 (3.7%) 1 (3.2%) 

Hypotension 2 (7.4%) 0 
0 Fatigue 1 (3.7%) 0 

Rash 0 0 

Insomnia 0 0 

Weight loss 0 0 

Mucositis 0 0 

Psychiatric symptoms 1 (3.7%) 1 (3.2%) 
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Summary  

Multiple myeloma (MM) is an incurable but treatment sensitive cancer. For most patients, this mean treatment with 

multiple lines of anti-myeloma therapy and a life with disease and treatment-related symptoms and complications. 

Health-related quality of life (HRQoL) issues play an important role in treatment decision-making. Methodological 

challenges in longitudinal HRQoL measurements and analyses have been identified including non-responses (NR) to 

scheduled questionnaires. Building upon publications we identified for a systematic review of longitudinal HRQoL 

studies in MM, we here focused on methodological aspects of HRQoL measurement and analysis. Diversity in timing of 

HRQoL data collection and applied statistical methods were noticed. We observed high rate of NR and only in 8/23 

studies investigation of the impact of NR was performed. Thus, evidence-based knowledge of HRQoL in patients with 

MM is compromised. To improve quality of HRQoL results and their implementation in daily practice, future studies 

should follow established guidelines.  
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Introduction  

Health-related quality of life (HRQoL) and other Patient Reported Outcomes (PRO) have become increasingly used as 

endpoints in clinical cancer studies to measure patient experienced benefits and toxicities of treatments (Basch, et al 

2016, Vodicka, et al 2015). PRO results are important in the approval of new drugs, as well as in shared decision-

making in the daily care of patients (EMA 2016, Speight and Barendse 2010). 

Multiple myeloma (MM) is an incurable malignancy derived from plasma cells in the bone marrow.  MM is the second 

most common haematological cancer, and worldwide, it is estimated that 86,000 patients annually are diagnosed with 

MM (Becker 2011). The prognosis of MM has improved markedly over the past 20 years and is expected to improve 

further in the coming years due to new treatment options (Kumar, et al 2014, Kumar, et al 2008). The median survival 

of MM patients under the age of 70 at the time of diagnosis now exceeds 6-7 years (Kumar, et al 2014). MM is 

associated with severe morbidity caused by bone destruction/bone fractures, renal dysfunction, bone marrow failure, 

high infection rates and potential physical disability (Kyle and Rajkumar 2008, Rajkumar, et al 2014).  

Current treatment of newly diagnosed MM patients involves induction treatment with repeated cycles of two or three 

drug combinations followed by stem cell harvest and high dose chemotherapy with stem cell support (HDT) in younger, 

eligible patients (Laubach, et al 2016, Lenhoff, et al 2000, Mateos, et al 2014). After HDT patients are treated with 

consolidation and/or long-term maintenance treatment or enter a drug free period (McCarthy, et al 2017, Richardson, et 

al 2018). Elderly and HDT ineligible patients are treated with longer induction treatment for 8-12 months and in some 

patients, treatment is continued until relapse (Benboubker, et al 2014, Stewart, et al 2015a). However, eventually, the 

MM disease will progress or relapse, and initiation of a rescue treatment will be necessary (Laubach, et al 2016). 

Chemotherapy as well as treatment with proteasome inhibitors (PI) and immune-regulatory agents (IMID) cause a high 

risk of acute adverse events, e.g. suppression of the bone marrow with risk of infections and hospitalization as well as 

other side effects, e.g. peripheral neuropathy and fatigue (Boland, et al 2013, Mateos 2010, Molassiotis, et al 2011, 

Richardson, et al 2012). Treatment decision-making in MM is complex and involves factors such as disease stage, 

prognostic risk stratification, severity of myeloma symptoms and complications, expected progression free survival and 

toxicity profiles of available treatment regimens, as well as the patients´ comorbidities and preferences concerning goals 

in life, convenience in drug administration and HRQoL during and after treatment (Deber, et al 2007, Laubach, et al 

2016, Leleu, et al 2015, Mikhael, et al 2013, Tariman, et al 2014a, Tariman, et al 2014b).  
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In order to use PRO results in clinical decision-making and the process of drug approval, valid PRO results from 

clinical trials are essential. Methodological challenges in integrating PRO measurements in clinical cancer trials have 

been identified (Calvert, et al 2018). PRO specific content has often been omitted from clinical trial protocols and trial 

coordinators have been found to lack training and support in PRO administration practices (Kyte, et al 2014, Mercieca-

Bebber, et al 2018). The statistical analysis approaches for longitudinal PRO data analysis differ and reporting and 

handling of missing data have been found inadequate in general (Brundage, et al 2011a, Fielding, et al 2016, Hamel, et 

al 2017). The clinical implications of PRO results from clinical trials have been disappointing, declaring that there is a 

need for international standards for PRO measurements (Bottomley, et al 2002, Bottomley, et al 2016, Bottomley, et al 

2018, Kvam, et al 2009, Lee and Chi 2000, Sonneveld, et al 2013, Sprangers 2010). Specific recommendations for PRO 

implementation and reporting in clinical cancer and haematological trials have been compiled (Blade, et al 2018, 

Calvert, et al 2018, Efficace, et al 2017, EHA 2013, Mercieca-Bebber, et al 2016). Among important steps are 

identifying optimal PRO measuring time points, strategies to minimize missing PRO data, and to use appropriate 

statistical analysis methods to handle missing data (Bell and Fairclough 2014, Calvert, et al 2013, Efficace, et al 2017, 

EHA 2013, Hamel, et al 2017, Mercieca-Bebber, et al 2018, Mercieca-Bebber, et al 2016).   

A fully missing scheduled PRO questionnaire, defines a non-response (NR), and can be subdivided into patterns of NR 

as monotone, intermittent or mixed (Fielding, et al 2009, Little, et al 2012). A monotone pattern of NR is a pattern of 

complete responses until NR occurs by e.g. drop-out, intermittent NR is a pattern of one or more NRs between 

completed questionnaires, and a mixed pattern of NR occurs when a patient first has an intermittent and later a 

monotone pattern. If a patient participating in a clinical trial or cohort study does not complete any scheduled 

questionnaires or is excluded from the PRO data analysis, the patient is defined as a complete non-responder. 

Three different mechanisms for NR have been described (Rubin 1976), and each is exemplified here. “Missing 

completely at random” (MCAR) occurs, for example, if the questionnaires are not given to the patient. “Missing at 

random” (MAR) occurs, for example, if a specific subgroup of patients with similar outcomes e.g. poorer PRO scores 

has a higher proportion of NR. “Missing not at random” (MNAR) occurs, for example, if the patient does not complete 

the questionnaire due to experiencing adverse events or complications (Fielding, et al 2009, Palmer, et al 2018).    

The objectives of this review were to investigate applied PRO measuring time points, statistical analysis methods and 

the magnitude and ways of handling NR in longitudinal PRO studies of patients with MM. Based on our findings we 
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will discuss the quality of existing evidence of HRQoL in patients with MM and provide recommendations for future 

clinical trial investigators. 

Material and methods 

Publication selection 

We used the earlier identified corpus of publications reported in Nielsen, et al (2017) which is based on a systematic 

literature search with the primary objective to identify longitudinal HRQoL studies in MM patients. The literature 

search and publication selection are described in detail in Nielsen, et al (2017). In brief, publications were eligible if the 

following criteria were met; patients were diagnosed with MM, and the study applied a longitudinal study design using 

the European Organisation for Research and Treatment of Cancer Quality of Life Core Questionnaire (EORTC QLQ-

C30) (Aaronson, et al 1993) instrument for HRQoL measurement of physical function, global QoL, fatigue and/or pain. 

Articles in languages other than English were excluded. There was no time limit set for the literature search. After the 

systematic literature search, separate publications with additional reporting of the HRQoL data from the ASPIRE trial 

and TOURMALINE-MM1 study were published (Leleu, et al 2018, Stewart, et al 2016). These two additional 

publications were included in the data extraction process for this review. When the PRO results from a clinical trial 

were presented in a separate publication, the first publication from the trial, including reporting of primary study 

endpoint, was identified and included in the data extraction process.   

Data extraction 

Information extracted from the publications was 1) whether the HRQoL data collection was a primary or secondary 

endpoint in the study or clinical trial, 2) scheduled timing of follow-up HRQoL assessment, 3) the statistical analysis 

method applied for between group differences and/or within group change estimation and the predefined statistical 

significance level, 4) a description of reasons for exclusion of patients from HRQoL analysis and 5) the statistical 

handling of NRs. Numbers extracted from the publications were 6) the number of patients included in the study at 

baseline, 7) the number of PRO assessments at baseline, 8) the number of participating patients from whom a completed 

PRO assessments were expected at each scheduled PRO assessment time point, 9) the number of completed PRO 

assessments at each scheduled PRO assessment time point, and 10) the number of PRO assessments at the last presented 

follow-up time point. In the case of the last published PRO follow-up time point was an end of study/treatment 

discontinuation assessment, the number of available questionnaires at the former time point was used.  
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The total intermittent NR rate for each study was estimated by calculating the proportion who did not complete 

scheduled PRO assessments of those from whom a completed PRO assessment were expected for each presented 

follow-up time point together. We calculated the magnitude of monotone NR by the proportion of NR at last presented 

follow-up time point compared to the number of patients enrolled in the study. 

The statistical methods applied were divided into group A-D. A) Descriptive analyses, B) Non-parametric tests (Mann 

Whitney U-test, Wilcoxon signed rank test), C) Parametric tests, subdivided into C1) T-test, one-way ANOVA and C2) 

linear mixed model of repeated measures, generalized estimating equations, and D) Ordinal logistic regression, 

generalized mixed model with ordinal outcome.  

The data extraction was done independently by three of the authors, LKN, MJ and TWK. Disagreements were discussed 

to achieve consensus.  

Results 

Twenty-three longitudinal HRQoL datasets were identified for data extraction. The PRISMA flow diagram for the study 

selection and subdivision of publications into five treatment categories are presented in Nielsen, et al (2017). The 

longitudinal PRO data from MM-015 studies were divided into two treatment categories; first line treatment without 

autologous stem cell transplantation and maintenance therapy, respectively, since the HRQoL data from those two 

treatments could be extracted separately from the studies (Dimopoulos, et al 2013, Dimopoulos, et al 2014). The 

included publications with references are presented in Table 1 with an additional reference to the publication reporting 

the primary study endpoint.   

Endpoint and timing of PRO data collection  

HRQoL was the secondary endpoint in 16 studies and the primary endpoint in seven studies. The most frequent time 

point for PRO assessment was at predefined calendar time points in ten studies, the second most common PRO 

assessment time point was at day 1 of a new treatment cycle in eight studies and at a predefined clinical time point in 

four studies.    

Statistical analyses method and evaluation strategy applied 

For all 23 studies, the statistical methods used for analyzing the longitudinal PRO data were described. The most 

frequently applied statistical method was C2) parametric statistical method of mixed model of repeated measures or 

generalized estimation equations of 11 studies, and the second most used was C1) parametric statistical methods of t-
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test or one-way ANOVA in eight studies. Non-parametric statistics were used in six studies, ordinal logistic regression 

in three studies and descriptive statistics in two studies. Adjustment of statistical significance level to avoid multiplicity 

testing and type I error was performed in eight of the studies. The PRO data was evaluated by between group 

differences in nine studies and within group change in eight studies. Both strategies of between group differences and 

within group changes were used for evaluation of longitudinal PRO data in four studies, and in two studies, no strategy 

for evaluation was applied. 

Magnitude and handling of complete non-responders   

For 17 of the 23 longitudinal PRO study results, the number of PRO assessments at baseline was lower than the number 

of patients included in the clinical trial, leaving some patients as complete non-responders. In Table 1, the number of 

patients included in the clinical trial and number of PRO assessments at baseline are presented. The lowest proportion 

of all studied patients was included in the PRO analysis of the population-based PROFILES registry (Mols, et al 2012) 

of 51%, since the analyzed cohort was limited to the patients with a completed one year follow-up questionnaire. The 

second lowest studied cohort was the two randomized groups in the study of Gimsing, et al (2010) with 65% of the 

included patients in pamidronate 90 mg and 68% in the pamidronate 30 mg group. The analyzed cohort in that study 

was the patients who returned questionnaires at 12 month follow-up and who were still on study treatment. The third 

lowest proportion was the cohort of the SUMMIT study (Dubois, et al 2006) of 71%. Here the analysis cohort was 

limited to the patients with PRO information available and with a clinical response to bortezomib. For the remaining 

studies, the proportions of patients included in the PRO data analyses compared to the number of patients included in 

the clinical trial were between 81and 96%.  

In 10 of the 17 publications, the selection strategy for the reduced number of baseline PRO assessments patients 

included in the PRO data analysis compared to the clinical trial was described. This description is presented in Table 1. 

The most frequently used strategy was to include only participants with a non-missing baseline questionnaire and 

minimum one follow-up questionnaire. In three publications, characteristics of participants and non-participants were 

compared. In the Table 1 of the paper by Gulbrandsen, et al (2001) the baseline characteristics of the participants and 

non-participants are presented. Wisloff, et al (1996a) found participants likely to be younger, female and to have longer 

survival than non-participants. In the PROFILES registry (Mols, et al 2012), the participants were diagnosed more 

recently and often treated with other regimens than chemotherapy only, compared to non-participants. 

Magnitude of intermittent non-responses  
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In six of the studies, the number of completed PRO assessments together with the number of participating patients from 

whom a completed PRO assessment were expected at each scheduled PRO assessment time point was presented. The 

total number of participating patients and the total number of completed PRO assessments for the six studies are 

presented in Table 2. The lowest presented total intermittent NR rate was 2% in the control group of the study by 

Gulbrandsen, et al (2001) and the highest was 22% in the study by Waage, et al (2004). 

Magnitude of monotone non-responses  

In 16 studies, the number of completed questionnaires at last follow-up was presented and for all of them, the number 

was lower than at baseline. The number of questionnaires is presented in Table 1. The highest proportion of monotone 

NR was seen in the TOURMALINE study (Leleu, et al 2018) of 99% in the lenalidomide-dexamethasone group and 

98% in the ixazomib-lenalidomide-dexamethasone group. The PRO data results in that study were collected at a 

specified cut-off date and some patients are still in follow-up. The second highest proportion of monotone NR was in 

the MM-003 trial (Song, et al 2015, Weisel, et al 2015) of 96% in the high dose dexamethasone group and 82% in the 

pomalidomide-dexamethasone group. The third highest proportion of monotone NR was in the APEX study (Lee, et al 

2008), which was 88% in the bortezomib group and 83% in the dexamethasone group. For the remaining studies, the 

proportion of monotone NR were between 28% and 75%.  

Statistical handling of intermittent and monotone non-responses 

Statistical methods for handling intermittent and monotone NR or methods to investigate the impact of NRs were used 

in eight of the 23 studies. The methods applied are presented in Table 1. In the ASPIRE and TOURMALINE studies, a 

graphical approach was used to explore patterns of monotone NR (Leleu, et al 2018, Stewart, et al 2016). Multiple 

imputation was used to test the robustness of the PRO results in the study of Gimsing, et al (2010), Lee, et al (2008), 

Waage, et al (2010). Other methods of exploring the missing data mechanisms or robustness of PRO data results were 

by confirming the results by standardized area under the curve, mixed method of repeated measures or comparing mean 

scores for patients with available questionnaires at follow-up to patients with early study discontinuation (Delforge, et 

al 2015, Stewart, et al 2016, Waage, et al 2004).    

Discussion  

In this review, we have investigated methodological aspects of PRO data measurements and analyses in 23 published 

longitudinal PRO studies of patients with MM, identified in a previously published systematic review (Nielsen, et al 

2017). We observed diversity in the timing of PRO data collection and statistical methods for analysing the longitudinal 
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PRO data among the studies. In 17/23 studies the number of PRO assessments at baseline was lower than the number of 

patients included in the clinical trial or study with proportions of complete non-responders being up to 51%. Reporting 

of intermittent NR rate was in general lacking and when reported being up to 22%. For studies where every patient had 

reached the date of cut-off for the analyses, we found proportions of monotone NR between 28% and 96%. Despite the 

high proportions of complete, intermittent and monotone NR, only in 8/23 studies investigation of the impact of NRs 

was performed. 

Diversity in applied PRO methodologies and poor quality of PRO reporting from clinical trials has previously been 

reported  (Brundage, et al 2011a, Bylicki, et al 2015, Dirven, et al 2014, Efficace, et al 2015, Efficace, et al 2014, 

Hamel, et al 2017, Lemieux, et al 2011). However, to our knowledge, this is the first review with the objective to 

investigate methodological aspects in PRO measurements and analyses in studies of patients with MM. 

In 2013, the CONSORT PRO guideline for reporting PRO from randomized clinical trials was published to improve the 

accuracy and validity of PRO data reporting (Calvert, et al 2013). Recently, in 2018, a guideline for inclusion of PROs 

in clinical trial protocols became available (Calvert, et al 2018). This guideline, together with international standards for 

analysing PRO data, have been pointed out as supporting the increased application of PRO data results from clinical 

trials to daily clinical practice (Bottomley, et al 2016, Bottomley, et al 2018, Brundage, et al 2011b).  

 

Clinical cancer trials are often designed with termination of PRO data collection if the patient drops out. Due to the 

nature of MM with risk of treatment failure, unacceptable adverse events to treatment and shortness of the patients´ life 

expectancy, PRO data collection in MM studies is at high risk of monotone NR. Also, patients with MM often 

experience disease complications and significant adverse events during treatment, particularly during HDT, which 

increases the risk of intermittent NR.  

Missing PRO data can lead to a variety of problems, including loss of study power and precision (Bell and Fairclough 

2014, Fairclough 2010). Participants who drop out early may have a poor HRQoL (Bell and Fairclough 2014, Mercieca-

Bebber, et al 2017). Specific strategies to minimize missing PRO data should be implemented in the study design and 

data collection procedure (Calvert, et al 2018, Little, et al 2012, Mercieca-Bebber, et al 2016) and transparent reporting 

of the number of completed questionnaires at baseline and at subsequent time points are recommended (Calvert, et al 

2013).  NR to questionnaires might cause biased results if appropriate statistical handling guided by the missing data 

mechanisms is not performed (Bell and Fairclough 2014, Bell, et al 2013, Fairclough 2010). Handling of NR by simple 

imputation of “last observation carried forward” is not recommended for longitudinal data (Lavori, et al 2008). In our 
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review, the most frequently used statistical analysis method was linear mixed model of repeated measures or 

generalized estimation equations including multiple imputation, where NR are handled as MAR.  In three studies, 

multiple imputation was used as the statistical analysis method, and the authors found that the MAR assumption was not 

the correct missing data mechanism in all cases.  

When using descriptive statistics, non-parametric or parametric methods of t-test and one-way ANOVA, the missing 

data are handled as MCAR, which however, is rarely the case for the majority of missing PRO data (Bell and 

Fairclough 2014, Fairclough 2010). The assumption for MCAR missing data mechanism could not be confirmed in the 

included studies, where this aspect was investigated. In the two studies where a graphical approach was used, a slightly 

different pattern of change in global quality of life score over time was found for patients dropping out earlier compared 

to patients staying in the study for the whole period, but the differences were not statistically significant or clinically 

meaningful.  

We observed variations in the timing of PRO data measurements among the included studies. The scheduled PRO data 

assessments time point should ensure capturing the patient experienced effect of the intervention aimed at PRO data 

collection. Using day 1 of a new treatment cycle for PRO data measurement has a clear advantage of reduced risk of 

missing response, since the patient can complete the questionnaire in hospital with assistance from a study coordinator. 

Most PRO data instruments for clinical research have a seven day recall period, and most anti-myeloma regimens are 

administrated in 21 or 28 days cycles with the last week being drug free. Also, a general principle is rescheduling the 

next treatment cycle, if the patient experiences severe toxicity or complication, such as admission with neutropenic 

fever, too much fatigue etc. Therefore, when PRO data collection is scheduled on day 1 of a new treatment cycle, the 

PRO data measurement during periods with complication is missed. In addition, the patients might have completed the 

questionnaires with reflection of a drug free week. This might lead to overestimation of HRQoL and underestimation of 

toxicities (Giesinger, et al 2014).  

A limitation in our review is the restriction in selection criteria for the systematic review that comprised the publications 

using the EORTC QLQ-C30 instrument only. The EORTC instruments are traditionally used in European clinical trials, 

and applied PRO data research methods might be different in other parts of the world. An important aspect of the 

generalisability of PRO data results is that most PRO data deviates from patients included in clinical trials. This is also 

the case for patients with MM since 22 of the 23 studies in the systematic review are clinical trials (Nielsen, et al 2017). 

Newly diagnosed patients with MM included in clinical trials are not representative for the general MM population and 

PRO data from clinical trials might not be generally applicable (Klausen, et al 2018). HRQoL data from population-



11 
 

based studies of patients with MM with high focus on minimization of NR are needed. In this review, we focus on how 

the EORTC QLQ-C30 has been used for HRQoL measurement in studies of patients with MM, since it is the most used 

HRQoL instrument in this population. Another relevant consideration is whether the EORTC QLQ-C30 questionnaire 

was the most suitable tool to measure what matters to patients with MM in each identified study. We did not review the 

identified studies and protocols to investigate, whether there was a specific research question and rationale for choosing 

the EORTC QLQ-C30 instrument to elucidate HRQoL in each study (Calvert, et al 2018).     

In conclusion, we found diversity in the PRO data measurements and analyses applied in clinical studies of patients 

with MM and we observed a large fraction of NR. We found no transparent reporting of NR, and the missing data 

mechanisms were rarely investigated, which resulted in use of statistical methods of PRO data analysis based on 

untested assumptions. Based on the publications investigated, these findings suggest that the evidence-based knowledge 

of HRQoL in patients with MM is compromised by significant rates of complete, intermittent and monotone NR. This 

threatens the generalizability of PRO data results in MM and their application to daily clinical practice. In order to 

improve quality of PRO data and translation of PRO data results in patients with MM, we recommend PRO data 

investigators to follow the SPIRIT-PRO Extension Checklist during clinical trial protocol writing (Calvert, et al 2018) 

and the CONSORT PRO Extension Checklist Item when reporting PRO results from randomized trials (Calvert, et al 

2013). Strategies to reduce NR that are suitable for the investigated cohort should be integrated in the study design, 

PRO data collection and procedures. Linear mixed models of repeated measures have been found to be the most suitable 

for analysing longitudinal PRO data and multiple imputation is considered the best method for sensitivity analyses, but 

these are not general recommendations (Hamel, et al 2017, Rombach, et al 2018). International standards for analysing 

PRO data from clinical trials are currently being developed (Bottomley, et al 2016). Therefore, being aware of potential 

pitfalls in PRO methodology when international standards are not available is important.  
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Trial name, study 

design and 

references 

PRO data measurement PRO data statistical analyses and handling of non-responses 

Endpoint Follow-up 

measurement 

time points 

Statistical evaluation strategy and 

statistical significance level  

Number of 

patients at 

baseline 

Number of 

PRO 

assessments 

at baseline 

Number of 

PRO 

assessments 

at last 

presented 

follow-up1 

Handling of complete, intermittent and 

monotone non-responders 

First-line treatment studies including induction therapy and ASCT  

Randomized phase II 

study 

(Ludwig, et al 2013) 

Secondary Day 1 of 

treatment 

cycles 

Mixed model repeated measures for 

between group differences. 

49 and 49 46 and 46  29 and 26 Last observation carried forward 

 

Phase II study 

(Etto, et al 2011) 

Primary Clinical time 

points 

Oneway ANOVA, t-test (p<0.05) for 

within group change.  

29 29  142 Not described 

 

Evaluation, phase II 

study 

(Gulbrandsen, et al 

2001, Lenhoff, et al 

2000) 

Secondary Calendar time 

points 

Mann Whitney U-test and Wilcoxon 

signed rank test (p<0.01) for between 

group differences.  

274 and 120 221 and 113  72 and 38 Participants and non-participants comparison.  

 

First-line treatment studies  

without ASCT 

FIRST trial, 

randomized phase III 

study 

(Benboubker, et al 

2014, Delforge, et al 

2015) 

Secondary Clinical time 

points 

1-sample t-test for within group 

change (p<0.05). 

2-sample t-test for between group 

difference (p<0.05).  

1,076  

(=535+541) 

and 547 

1025 and 

5093 

 

506 and 189 Results of t-tests were confirmed by mixed model 

repeated measures  

MM-015 study, 

randomized phase III 

study 

(Dimopoulos, et al 

2013, Dimopoulos, et 

al 2014, Palumbo, et 

al 2012) 

Secondary Day 1 of 

treatment 

cycles 

Paired t-test (p<0.05, p<0.01 and 

p<0.001) and 

Mixed model repeated measures for 

within group change.  

 

152 and 153 

and 154 

140 and 146 

and 148³ 

 

91 and 99 

and 993,4 

Only patients with a non-missing baseline and 

minimum one follow-up assessment were 

included.  

HRQoL observations at PD/DC, if occurred earlier 

than cycle 16 were carried forward to the next 

measurement time point.  

VISTA trial, 

randomized phase III 

study 

Secondary Day 1 of 

treatment 

cycles 

T-test (p<0.05) for between group 

differences 

 

344 and 338 331 and 318 164 and 1363 Only patients with a valid baseline and at least one 

follow-up HRQoL assessment. 

Table 1. Methodological and statistical aspects of measurement, analyses and interpretation of PRO data extracted from publications 
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(Delforge, et al 2012, 

Mateos, et al 2010) 

HOVON 49, 

randomized phase III 

study  

(Verelst, et al 2011, 

Wijermans, et al 

2010) 

Secondary Clinical time 

points 

Mixed model repeated measures for 

multi-item domains and ordinal 

logistic regression repeated 

measures for one-item domains 

between group differences 

168 and 165 149 and 135 Not reported Participants and non-participants group 

comparison. 

Patients with at least one HRQoL assessment, 

either at baseline, during treatment or follow-up, 

were included in the analysis. 

Randomized phase III 

study  

(Gimsing, et al 2010) 

Primary Calendar time 

points 

T-test for within group change.  

Generalised estimating equations for 

within group change.  

252 and 252 164 and 171 164 and 1715 

at 12 months  

Only patients who returned questionnaires at 12 

months and who were still on study treatment 

were included in the HRQoL analyses. 

Multiple imputation. 

Randomized phase III 

study 

(Waage, et al 2010) 

Secondary Calendar time 

points 

Generalised estimating equations 

confirmed by standardized area 

under the curve for within group 

change 

182 and 175 Not reported Not reported6 Analyses were based on patients who returned 

completed questionnaires.  

Multiple imputation.  

NMSG 4/90, cohort 

study 

(Wisloff, et al 1996a) 

Secondary Calendar time 

points 

Descriptive 583 524 424 Only eligible patients completing the first 

questionnaire were included. 

Comparison of characteristics of participants and 

non-participants  

NMSG 4/90, 

randomized phase III 

study  

(NMSG 1996, Wisloff, 

et al 1996b) 

Secondary Calendar time 

points 

Mann Whitney U-test (p<0.01) for 

between group differences 

297 and 286 271 and 253 67 and 74 Only eligible patients completing the first 

questionnaire were included. 

Consolidation treatment studies 

Randomized phase II 

study 

(Mellqvist, et al 2013) 

Primary Calendar time 

points 

Mann Whitney U-test (p<0.01) for 

between group differences 

187 and 183 311  

in total 

Not reported Only patients completing the baseline 

questionnaire were included in the analysis 

Phase II study 

(Frodin, et al 2011) 

Primary Clinical time 

points 

Descriptive  56 56 25 Not described 

Phase II study 

(Khalafallah, et al 

2011)  

Primary Calendar time 

points 

Ordinal logistic regression repeated 

measures for within group change 

18 18 Not reported Not described 

Maintenance treatment studies 

Randomized phase III 

study, MM-015 study 

(Dimopoulos, et al 

2013, Dimopoulos, et 

al 2014, Palumbo, et 

al 2012) 

Secondary Day 1 of 

treatment 

cycles 

Paired t-test (p<0.05, p<0.01 and 

p<0.001) and 

Mixed model repeated measures for 

within group change.  

 

88 and 94 

and 102 

91 and 99 

and 993,4 

65 and 56 

and 653 

Only patients with a non-missing baseline and 

minimum one follow-up assessment were 

included.  

HRQoL observations at PD/DC, if occurred earlier 

than cycle 16 were carried forward to the next 

measurement time point. 
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Randomized phase II 

study  

(Sirohi, et al 2007) 

 

Primary Calendar time 

points 

Two-sample t-test Mixed model 

repeated measures for between 

group differences. 

30 and 30 30 and 30 Not reported  90% completed all three questionnaires and all 

patients completed at least two.  

Relapse treatment studies   

TOURMALINE-MM1, 

randomized phase III 

study 

(Leleu, et al 2018, 

Moreau, et al 2016) 

Secondary Day 1 of 

treatment 

cycles 

Mixed model repeated measures for 

between group difference and within 

group change (p<0.05) 

360 and 362 337 and 349 7 and 27 Graphical examination stratified by time of last 

assessment and pattern mixture model as 

sensitivity analysis. 

ASPIRE trial, 

randomized phase III 

study 

(Stewart, et al 2016, 

Stewart, et al 2015b) 

Secondary Day 1 of 

treatment 

cycles 

Mixed model repeated measures for 

between group difference and within 

group change (p<0.01 and p<0.001) 

396 and 396 348 and 348 

 

227 and 148 Analysis includes patients with at least one HRQoL 

assessment.  

Graphical examination stratified by time of last 

assessment. Results were confirmed with 

standardized area under the curve and pattern 

mixture model as sensitivity analysis.    

MM-003, randomized 

phase III study 

(Miguel, et al 2013, 

Song, et al 2015, 

Weisel, et al 2015) 

Secondary Day 1 of 

treatment 

cycles 

Mixed model repeated measure. 

Paired t-test (p<0.05) for within group 

change. 

Unpaired t-test (p<0.05) for between 

group differences confirmed. Logistic 

regression analysis for analysis of 

responders 

302 and 153 289 and 144 51 and 63 Analysis includes patients who received at least 

one study drug and had one HRQoL assessment. 

Missing data were categorically evaluated for all 

HRQoL assessments. 

NMSG 17/07, 

randomized phase III 

study  

(Hjorth, et al 2012) 

Secondary Day 1 of 

treatment 

cycles 

Mann Whitney U-test (p<0.01) for 

between group differences 

67 and 64 67 and 61 Not reported8 Not described 

APEX study, 

randomized phase III 

study 

(Lee, et al 2008, 

Richardson, et al 

2005) 

Secondary Calendar time 

points 

Generalised estimating equations for 

between group difference (p<0.05)  

333 and 336 288 and 287 65 and 81 Analyses are based on patients with a valid HRQoL 

assessment and at least one post-baseline 

questionnaire. Multiple imputation taking deaths 

into account and other parameters as sensibility. 

analyses 

SUMMIT study,  

randomized phase III 

study 

(Dubois, et al 2006, 

Richardson, et al 

2003) 

Secondary Day 1 of 

treatment 

cycles 

Wilcoxon signed rank test (p<0.05) 

for within group change 

 

202 144 1449  

 

Analysis includes 144 patients with both clinical 

response and PRO information available 
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Phase II study 

(Waage, et al 2004) 

Secondary Calendar time 

points 

Wilcoxon signed rank test10 (p<0.01) 

for related samples for within group 

change  

65 62 20 

 

Comparing mean score for patients with available 

questionnaire at 24 weeks to patients with early 

study discontinuation 

Non-interventional study  

PROFILES registry, 

cohort study 

(Mols, et al 2012) 

Primary Calendar time 

point 

Paired t-test for within group change 

(p<0.01) 

156 156 80 Non-responders and responders were compared  

PRO; patient-reported outcomes, PD; Progressive disease, DC; discontinuation for other reasons 
1In case of HRQoL measurement at study discontinuation, the number of available questionnaires at the former time point is presented unless another time point is specified.  
2 The patients at follow-up are not all the same as at diagnosis 
3Based on mean score of physical functioning 
4Patients in each group at cycle 10, which was at start of maintenance 
5The number of questionnaires used for later follow-up time point evaluation is not reported 
650% of the patients in the melphalan-prednisone-thalidomide arm and 62% of the patients in the melphalan-prednisone arm. The exact numbers could not be extracted. 
7The results of the PRO data in the study was made at a specified cut-off date and some patients were still in follow-up after  
829 vs. 29 patients were alive at the time of last follow-up. Study design with crossover at treatment failure.  
9The change in PRO over time was assessed by comparing the change in scores according to clinical response between baseline and best end point  
10The non-parametric Mann Whitney U-test is used for related samples were used to compare the score at different time points, which is interpreted as a Wilcoxon signed rank test 
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Table 2. The total number of participating patients and the total number of completed PRO assessments at 

each scheduled PRO assessment time point for the six studies with the numbers presented. 

 

 

Author and year of 

publication 

 

 

Study arm/cohort 

Total sum for all presented PRO assessment time 

points 

 

 

Intermittent non-

responses rate 

Sum of expected PRO 

assessments  

Sum of completed 

PRO assessments 

Gulbrandsen, et al 

2001a 

Induction therapy and HDT 1076 966 10% 

Control 541 528 2% 

Delforge, et al 2015 

 

Lenalidomide-dexamethasone 5166 4743 8% 

Melphalan-prednisone-thalidomide 2492 2179 13% 

Wisloff, et al 1996 
Cohort 2541 2055 19% 

Stewart, et al 2016 

 

Carfilzomib-lenalidomide-

dexamethasone 
1706 1543 10% 

Lenalidomide-dexamethasone 1556 1351 13% 

Leleu, et al 2018b Ixazomib-lenalidomide-

dexamethasone 
3242 3007 7% 

Lenalidomide-dexamethasone 3209 2991 7% 

Waage et al 2004 
Thalidomide 153 120 22% 

PRO; Patient-reported outcomes, HDT; high dose chemotherapy with stem cell support;  aBased on Figure 1 in the paper, 
bCalculated on basis of table S2 in the supplementary file 
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Abstract  

Purpose The quality of patient-reported outcome (PRO) data can be compromised by non-response (NR) to 

scheduled questionnaires, particularly if reasons for NR relate to health problems as this may bias results. 

We aimed to investigate whether education of study nurses, electronic reminders and real-time monitoring 

improve patient-reported outcome (PRO) completion rates.  

Methods The ongoing population-based study “Quality of life in Danish multiple myeloma patients” is a 

longitudinal, multicenter study with consecutive inclusion of treatment-demanding newly diagnosed or 

relapsed patients with multiple myeloma (MM). Education of study nurses in the avoidance of NR, 

electronic reminders at predefined time points, pre-planned seven-day windows for answering and real-

time monitoring of NR were integrated in the study design, conduct and procedures. Patients were 

expected to answer a set of PRO questionnaires at study entry and 12 times during follow-up, by either 

electronic or paper method. We investigated the effect of the initiatives on the PRO completion rate.  

Results 271 included patients constituted the study cohort in the analyses; of those, 249 (85%) patients 

chose electronic completion. A total of 1441 scheduled follow-up PRO assessments were reached at data 

cut-off for analyses. Eighty-four percent of the scheduled PRO assessments were completed within the pre-

planned time window, and another 11% were completed after real-time monitoring, equivalent to a PRO 

completion rate of 95%.  

Conclusions The applied strategies achieved a very high completion rate in our study. We propose this kind 

of strategy in PRO studies, noting that staff resources are required for implementation.  
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Introduction 

Multiple myeloma (MM) is an incurable malignancy of plasma cells in the bone marrow. MM is associated 

with severe morbidity, specifically caused by bone destruction and pathological bone fractures, renal 

dysfunction, high infection rate and potential physical disability [1,2]. The prognosis of MM has improved 

markedly over the past 20 years, and the median survival of patients with MM under the age of 70 has 

increased from 3 years to 6-7 years [3-5]. The improved prognosis is mediated by the introduction of high 

dose chemotherapy with autologous stem cell support (HDT) in the 1990s, new treatment options with 

immunomodulatory drugs (IMiDs), such as thalidomide, lenalidomide and pomalidomide [6-8], and the 

proteasome inhibitors, bortezomib, carfilzomib and ixazomib [9-11]. Most recently, the monoclonal 

antibodies elotuzumab and daratumumab [12,13] have been introduced, and the prognosis is expected to 

improve even further in coming years [14]. 

Treatment choice in MM depends on several factors including patient age, disease complications, existing 

comorbidity, and whether the patient is judged fit for specific regimens, such as HDT. Treatment usually 

involves repeated cycles of a 2-3 drug combination therapy with a proteasome inhibitor, IMiD, cytostatic 

agent or monoclonal antibodies and steroid. Treatment implies a risk of both acute adverse events, such as 

infections, as well as late effects, such as peripheral neuropathy and fatigue [15-18].  

Patients with MM report a high symptom burden. Common symptoms include fatigue, pain, constipation, 

insomnia and tingling hand/feet, with consequent decrease in physical and cognitive functioning [19-21]. 

Compared to patients with other hematological malignancies, patients with MM report a lower health-

related quality of life (HRQoL) [21,22]. Longitudinal HRQoL studies of patients with MM suggest that 

clinically beneficial improvements in HRQoL are more likely during primary treatments than during 

treatment for relapse [23].  

Patients’ experience of symptoms and impact on HRQoL can be validly and reliably captured with patient-

reported outcome (PRO) questionnaires [24]. Typically, a schedule of assessment times is specified for 

capture of PROs at key time-points. If a patient fails to complete a questionnaire at a scheduled time, this is 

termed non-response (NR). The consequent missing data can lead to a variety of problems, more so as NR 

rates increase, including loss of study power and precision [25,26]. If the reason for NR is related to the 

patient’s poor health status, this may lead to bias, if not handled appropriately. For example, if only 

complete case analysis methods are used, there is a risk of overestimated HRQoL and underestimated 

toxicity [25,27,26]. This is because the analysis would be based on patients with complete PRO data 

available who presumably have better HRQoL outcomes, since patients who drop out might have more 

toxicity and a worse HRQoL [28,25,29-32]. Thus, NRs represent a threat to internal and external validity and 
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is one of the inherent barriers in establishing high quality PRO data for use in patient-centred care [33-35]. 

Several strategies designed to minimize NR have been proposed, and these can be integrated into the study 

design, protocol and implementation procedures for the PRO study [27]. These include ensuring that staff 

are aware of the importance of reducing NR and have access to written guidance and support [29,27]. Also, 

given the time-sensitive nature of PRO-data, real-time monitoring of PRO completion rates during study 

conduct is recommended [36]. However, we are not aware of any studies that have assessed and 

documented the effectiveness of such strategies in reducing NR.    

The study of “Quality of life in Danish multiple myeloma patients” (QoL-MM) is a Danish multicenter, 

prospective, observational and primarily web-based survey with real-time monitoring of NRs. In QoL-MM, 

we are implementing several strategies to reduce NR: education of study nurses, electronic reminders and 

real-time monitoring of PRO completion rates. The primary aim of this analysis was to investigate whether 

the applied strategies reduced NRs.   

Methods 

The QoL-MM study includes newly diagnosed or relapsed, treatment demanding patients with MM who, 

according to International Myeloma Working Group (IMWG) criteria, are eligible for inclusion [2,37]. The 

inclusion criteria are very broad to ensure inclusion of a population based, representative cohort of MM 

patients. Only patients who are not able to understand the Danish language or who are diagnosed with a 

psychiatric condition are ineligible. All 10 Danish departments of hematology participate. The goal is to 

recruit 800 patients, and each patient is followed for 24 months or until early drop-out due to withdrawal 

of consent, death, or permanent lack of ability to fill out the questionnaires. The patients are introduced to 

the study by their treating physicians or nurses, and written informed consent is obtained before inclusion. 

Demographic data are collected as part of an inclusion interview performed by a local study nurse. 

Moreover, the patients provide information related to activity of daily living, instrumental activity of daily 

living and self-reported diseases, summarized by us into the Charlson Comorbidity Index [38-40]. This 

information is used for calculating the IMWG myeloma frailty score, which divides the patients into 

categories of “Frail”, “Intermediate Fitness” or “Fit” and the Freiburger Comorbidity Index of 0-3 [41,42] . 

Each patient’s Karnofsky Performance status was assessed by the local study nurse[43]. The patients´ 

clinical data, e.g. date of diagnosis, MM subtype and the prognostic score, International Staging System are 

collected from The Danish Multiple Myeloma Registry [44]. Data on admissions, discharges and other 

hospital procedures are captured from The National Registry of Patients [45].  

 

PRO study design  
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Patients complete questionnaires at study entry and at 12 follow-up time points during the 24 months 

study follow-up. The target dates of completion of the follow-up questionnaires are every four weeks for 

the first 6 months and thereafter every 3 months until 24 months. Depending on the PRO assessment time 

point, the patient completes between two and four PRO instruments, equivalent to 50-85 items. Each set of 

questionnaires starts with the cancer specific instrument of European Organisation for Research and 

Treatment of Cancer Quality of life QLQ-C30 (EORTC QLQ-C30) [24]. Other PRO instruments used are the 

Multiple Myeloma module QLQ-MY20 (EORTC QLQ-MY20) [46], the Chemotherapy-Induced Peripheral 

Neuropathy module (EORTC QLQ-CIPN20) [47] and the Short-form health survey version 2 (SF12v2) [48].  

 

PRO data collection procedures  

Participants are asked to complete the entire set of questionnaires at one time, preferably on the target 

date and no later than seven days hereafter, which is the pre-planned completion time window for all 

follow-up questionnaires. The patients are furthermore encouraged to use a web-based answering method, 

where a link is sent to the patients´ e-mail box on the target date. However, patients can choose a paper-

and-pencil method, if preferred. A REDCap database is set to automatically send the e-mails on the target 

date as well as to send the e-mail reminders [49].  

 

At baseline, the patient completes the questionnaires alone or with a study nurse present, using a tablet or 

paper.  Alternatively, if the patient chooses to complete the follow-up questionnaires electronically, the 

baseline questionnaire can be completed at home by computer or tablet. However, the study nurse must  

ensure that the baseline questionnaire has been completed no later than on the day the patient starts anti-

myeloma treatment. If a patient has an uncompleted baseline questionnaire or missed completion of one 

or more of the four baseline PRO instruments, the patient is excluded as a screening failure, if the answers 

are not provided no later than day 3 after start of anti-myeloma treatment. 

 

Patients who decide to use paper questionnaires receive three sets of questionnaires at the inclusion 

interview to complete at 4, 8 and 12 weeks follow-up. The target date of each set of questionnaires is 

written on the front page, and a letter with the local study nurses’ contact information is added.  

The patients are asked to bring the completed questionnaires into the outpatient clinic at scheduled 

appointments related to treatment. To ensure that the patient remembers to complete the first follow-up 

paper questionnaire, the local study nurse contacts the patient at 4 weeks, in order to remind the patient 

about completion. After week 12, it is the responsibility of the local study nurses to provide the next three 
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questionnaires to the patient for completion at 16, 20 weeks and 6 months etc. Completed paper 

questionnaires are uploaded to the database by the local study nurse and centrally entered continuously 

during the study period. 

 

Strategies to minimize non-responses 

All local study nurses are trained by the project leader in the importance of minimizing missing items and 

NR to a questionnaire or set of questionnaires. Guidance by the local study nurse to frail patients or 

patients with temporary lack of ability to independently complete the questionnaires is allowed. In this 

case, the local study nurse reads the items and response categories aloud and mark the answer on behalf 

of the patient. The aim is for this to be done within the seven-day window after target date. If the patient 

does not have an appointment in the outpatient clinic within this time frame, but has a scheduled 

appointment a few days before the target date, the study nurse provides the patient with the 

questionnaire at that appointment. Otherwise, the questionnaire is completed after the seven-day window.  

For patients using the web-based method but who have not completed the electronic questionnaire at day 

four, a reminder is automatically sent to the patient on day four. If a patient has still not answered the 

questionnaire on day seven after the target date, the local study nurse is notified by the central study office 

during weekdays, as part of real-time monitoring of NR. In this situation, the local study nurse has two 

weekdays to contact the patient, ascertain and document the reason for NR and to invite the patient to 

complete the questionnaire. The study nurses have access to a written guideline of all project related tasks, 

and in case of a need for further clarification of a project procedure, the study office can be contacted by 

telephone or e-mail during weekdays.  

Real-time monitoring of PRO completion or NR for both web-based and paper-based PRO questionnaire 

completion is carried out by the study office. NR is defined as non-completion of an entire set of 

questionnaires within the seven-day window of a scheduled PRO assessment time-point. If a patient has 

completed the EORTC QLQ-C30, which is the first questionnaire at every scheduled PRO assessment time 

point, the follow-up PRO assessment is defined as completed. Missing items and partly completed 

questionnaires or sets of questionnaires are not part of the real-time monitoring.  

The participating departments are financially compensated for handling a NR, providing guidance to a 

patient to complete a questionnaire and when they collect three completed paper questionnaires and 

provide three new paper questionnaires to a patient.  

Information to the participants 
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As part of the inclusion interview, all patients are informed about the importance of completing the follow-

up questionnaires within the seven-day window, and that the study nurse will contact them if they have 

not completed a questionnaire by the seventh day. Patients choosing the electronic platform are informed 

that they will receive a reminder if they have not completed a scheduled questionnaire within four days. 

The patients are also informed about the importance of completing the questionnaires for the study, and 

therefore told they will be contacted if the questionnaires is not completed within the seven-day window. 

It is made clear to the patient that participation and completing questionnaires in the study are voluntary 

and that the patient is allowed to skip a scheduled questionnaire without this having any consequences for 

the patient. All patients receive the study nurses´ contact information and are encouraged to seek support 

in case of questions, technical challenges or a wish of changing the method of completion.  

 

Patient cohort and data analysis 

The patient cohort for this paper is all patients who consented to QoL-MM from study initiation at the 20th 

September 2016 to 16th August 2018 and who had reached at least the first follow-up PRO assessment time 

point at week four. Questionnaires, which are completed before or within the pre-planned seven-day time 

window are defined as “on-time responses”. In case the patient completes the questionnaire at day seven 

after the target date or later, the response is defined as “salvage response”, the remainder were 

categorized as a “never response”. The PRO completion rate was calculated as the number of completed 

on-time and salvage responses as a proportion of the number of scheduled PRO assessments expected to 

be completed. Also, we calculated the rate of on-time and salvage responses separately. The effect of the 

reminder was investigated by the proportion completing the questionnaire at day three compared to day 

four of the remaining incomplete questionnaire. Data is presented by descriptive analyses using STATA 

version 15.  

    

Results 

As of August 16th 2018, 481 patients were found eligible for the QoL-MM study, and hereof 292 provided 

written consent for participation and inclusion in the study. Of the 292 patients included, 271 had reached 

at least the first follow-up PRO assessment time point at 4 weeks and were included in the analyses. Patient 

and disease characteristics are presented in Table 1. 23% of the patients were 76 years or older, and 13% of 

the patients were characterized as “Frail” according to the IMWG myeloma frailty score. Of all patients, 

55% had newly diagnosed symptomatic MM, 31% started an induction regimen with planned HDT at study 

entry, and 11% started fifth or later line of therapy.  
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Electronic completion of follow-up questionnaires was chosen by 85% of the 271 patients, and 15% chose 

the paper-and-pencil method. Three patients changed mode of answering method during follow-up, two of 

them from electronic method to paper method, since the electronic method was found to be too 

complicated.  

PRO completion rate 

Per protocol, for the study cohort (n=271), 1441 scheduled follow-up questionnaires were expected to be 

completed at the time of analysis. The number of patients and completed questionnaires (on-time and 

salvage) and never-responses at each follow-up time point are presented in Figure 1. The reasons for 

reduction in number of patients during follow-up are early drop-out or end of follow-up. The largest 

proportion of never responses with the first year of follow-up was at four weeks at 7% (19 questionnaires 

out of 271 expected).  

1214 of the 1441 scheduled questionnaires (84%) were completed on-time. Of the 227 questionnaires that 

were not completed on-time, 153 (67%) were salvaged responses and 74 (33%) were never completed. 

When adding the salvage responses to the on-time responses, a total 1367 of the scheduled questionnaires 

were completed, equivalent to a PRO completion rate of 95%.  

Pattern of response 

Questionnaire completion patterns are presented in Figure 2 and Table 2. Of the 1367 scheduled 

questionnaires, 553 (40%) were answered on the target date, 471 (31%) were completed on days one to 

three. After the reminder was sent on day 4 to the patients completing questionnaires electronically, a 

further 207/1367 (15%) were answered between days four and six. A higher number of questionnaires 

were completed at day four (by 101 patients) compared to day three (by 77 patients). Also, a higher 

number of questionnaires were completed at day seven (by 60 patients) compared to day 6 (by 36 

patients).   

Discussion 

The primary aim of this analysis was to investigate whether the applied strategies reduced NRs. The 

initiatives included education of study nurses by the project leader, electronic reminders and real-time 

monitoring of NR. Using these strategies, we achieved a very high PRO completion rate of 95%, with just 5% 

non-response.  

Comparing this PRO completion rate to reported PRO completion rates in other longitudinal HRQoL studies 

of patients with MM [50], only one study has reported a higher PRO completion rate. This was the NMSG 

4/90 study by Gulbrandsen et al., where the PRO completion rate of the historical control group of newly 
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diagnosed patients with MM was 98% [51]. This historical control group originates from the EORTC QLQ-

C30 validation study of patients with MM [52]. One of the aims in the validation study was to evaluate the 

applicability of the questionnaire in a cohort of patients with MM and included sampling of data concerning 

the patient´s need for assistance in completing the questionnaires. The authors found that up to 30% of the 

MM patients reported  need of assistance in completing the questionnaire. Other strategies of how this 

high PRO completion rate was achieved are not described in the paper [52].     

When we designed the QoL-MM study, we had particular focus on how we could minimize NR. We 

introduced real-time monitoring of NR and provided the patients with reminders. Staff resources were 

dedicated for this purpose, software as well as a high proportion of the patients choosing the web-based 

answering method made it possible, and we succeeded in reaching a high PRO completion rate. Still, some 

NR could not be avoided, and as part of the study, we collected reasons for NR. Information about the 

clinical status of patients when they fail to complete a scheduled questionnaire and the reason for NR 

might assist the PRO researcher in making the correct assumption for the underlying mechanisms of 

missing data [25,53,26]. The link between the documented reasons and the missing data mechanisms as 

well as estimation of the impact of patient drop-out will be investigated in future analyses of the QoL-MM 

study.  

The overall aim of the QoL-MM study is to describe the quality of life of the general population of patients 

with MM from diagnosis to late, advanced disease throughout different anti-myeloma therapies [54]. 

Methodological considerations concerning PRO assessment time points were included as part of the study 

planning. Clinical visits are a frequently chosen time point for PRO assessment in clinical trials of MM 

patients. This decision has the advantage of reducing the risk of NR, since patients have the opportunity to 

complete the questionnaires at the hospital with assistance from the study nurse. Disadvantages in using 

day 1 of treatment cycles include a potential risk of underestimation of toxicities that occur after day 1 and 

not capturing periods with temporary decline in HRQoL, resulting in rescheduling of chemotherapy [55]. 

We chose to collect the PRO data in QoL-MM at predefined calendar time points to meet the overall study 

aim and thereby capture HRQoL at regular non-clinic time-points throughout the MM patients´ diverse 

disease trajectories. This decision could have made the study vulnerable for low PRO completion rates, 

since the general population of patient with MM can be frail and are at risk of adverse events, hospital 

admissions, as well as risk of physical and mental disabilities caused by the disease and therapy. Therefore, 

we implemented the educational and procedural strategies to reduce NRs.  

One of the procedural strategies we chose was to use a pre-planned time window of seven days for each 

scheduled questionnaire. This allowed the study nurses to clearly communicate the expectations to the 
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patients participating in the study and systematically capture reasons for NR from every patient who failed 

to complete the questionnaire within the pre-planned time window [56,57]. Whether or not patients who 

were not able to complete the questionnaires within the time window have a poorer HRQoL will be 

investigated further as part of the QoL-MM study.  

Conclusions 

We evaluated strategies to maximize PRO completion in a longitudinal cohort study of patients with MM 

receiving cancer treatment. Real-time monitoring of NR, mailing electronic reminders to patients, and 

education of study nurses are effective strategies that resulted in a questionnaire completion rate of 95%. 

To our knowledge, the QoL-MM study is the first study to provide insight into how to ensure high PRO 

completion rates in a cohort of cancer patients receiving chemotherapy. We propose our applied strategies 

as a model for improving PRO completion rates in clinical trials and registries to increase the quality and 

value of PRO data in patient-centred care.  
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Table 1. Demographic and disease characteristics at entry.  

Characteristics Patients 
P=271 

Mean age (SD) 67.5 (9.1) 

Median age, years (IQR) 69 (62; 74) 

Age ≤ 65 / 66-75 /≥ 76 years, N (%) 90 (33%)/118 (44%)/63 (23%) 

Sex, female/male, N (%) 106 (39%)/165 (61%) 

Marital status, Married or cohabiting/singlea, N (%) 213 (79%)/58 (21%) 

Weekly alcohol intake, no alcohol intake/1-7/>8 items, N (%) 60 (22%)/142 (52%)/69 (25%) 

Daily smoking, yes/former smoker/never smoker, N (%) 31 (11%)/119 (44%)/121 (45%) 

Charlson Comorbidity Index, 0/1/2/≥3, N (%) 154 (57%)/45 (17%)/45 (17%)/27 (10%) 

Freiburg Comorbidity Index, 0/1/2 or 3, N (%) 223 (82%)/47 (17%)/<5 (0%) 

MWG myeloma frailty score, Fit/Intermediate Fitness/Frail, N (%) 148 (55%)/87 (32%)/36 (13%) 

Karnofsky Performance Status Scale, 100/90/80/≥70%, N (%) 79 (29%)/116 (43%)/49 (18%)/27 (10%) 

Mean time from diagnosis to inclusion (years)(SD) 2.21 (3.12) 

Number of lines of therapy  

First line 150 (55%) 

Second line 49 (18%) 

3-4 line 42 (15%) 

5 or more lines 30 (11%) 

Anti-myeloma treatment starting  

Induction therapy and HDT 85 (31%) 

Melphalan-prednisolon-bortezomib 48 (18%) 

Containing daratumumab  69 (25%) 

Containing elotuzumab 7 (3%) 

Lenalidomid  13 (5%) 

Containing Ixazomib 7 (3%) 

Containing carfilzomib 13 (5%) 

Containing pomalidomid 7 (3%) 

M-component subtype, IgG/IgA/light chain/> 1 M-component/ 
non-secretory/missingb 

85 (31%)/31 (11%)/10 (4%)/<5 (1%)/6 
(2%)/137 (51%) 

International Staging System, ISS I/ISS II/ISS III/missingb, N (%) 24 (9%)/51 (19%)/22 (8%)/174 (64%) 

SD; standard deviation, IQR; interquartile range, IMWG; International Myeloma Working Group, HDT; high dose therapy with stem 

cell support, ISS; International Staging System, a separated, divorced, widow or unmarried, bMissings are due to time delay in 

entering disease data into The Danish National Multiple Myeloma Registry or unknown. 



 Baseline 

271 participating patients 

271 completed questionnaires, 0 never responses 

 4 weeks 

271 participating patients 

252 completed questionnaires, 19 never responses 

 8 weeks 

245 participating patients 

234 completed questionnaires, 11 never responses 

 12 weeks 

215 participating patients 

207 completed questionnaires, 8 never responses 

 16 weeks 

197 participating patients 

191 completed questionnaires, 6 never responses 

 20 weeks 

187 participating patients 

175 completed questionnaires, 12 never responses 

 6 months 

165 participating patients 

156 completed questionnaires, 9 never responses 

 9 months 

108 participating patients 

101 completed questionnaires, 7 never responses 

 12 months 

43 participating patients 

41 completed questionnaires, 2 never responses 

 15 months 

17 participating patients 

17 completed questionnaires, 0 never responses 

 18 months 

8 participating patients 

8 completed questionnaires, 0 never responses 

 21 months 

2 participating patients 

2 completed questionnaires, 0 never responses 

 24 months 

0 participating patients 

0 completed questionnaires, 0 never responses 

 

Drop-out, p=12 

End of follow-up, p=14 

End of follow-up 

Drop-out, p=4 

End of follow-up, p=26 

End of follow-up 

Drop-out, p=9 

End of follow-up, p=9 

End of follow-up 

Drop-out, p=1 

End of follow-up, p=9 

End of follow-up 

Drop-out, p=3 

End of follow-up, p=19 

End of follow-up 

Drop-out, p=5 

End of follow-up, p=52 

End of follow-up 

Drop-out, p=8 

End of follow-up, p=57 

End of follow-up 

Drop-out, p=1 

End of follow-up, p=25 

End of follow-up 

Drop-out, p=0 

End of follow-up, p=9 

End of follow-up 

Drop-out, p=0 

End of follow-up, p=6 

End of follow-up 

Drop-out, p=0 

End of follow-up, p=0 

End of follow-up 

Figure 1. Flow diagram of 

the patients in follow-up. 

The reduced number of 

patients in follow-up was 

due to drop-out or end of 

follow-up.  

Drop-out, p=0 

End of follow-up, p=0 

End of follow-up 



  

 

Figure 2. Day of response to paper and electronic questionnaires.  

Day 0 is the target day, when the patients were instructed to complete the questionnaires. The patients completing 

the questionnaires electronically received an email with a link to the questions on day 0. The local nurses provided the 

paper questionnaires with inscribed target dates for patients completing on paper at home. If the patient had 

completed the EORTC QLQ-C30, which was the first health-related quality of life instrument in each set of 

questionnaires, the set of questionnaires was defined as completed.   



Table 2. Pattern of response.  

Questionnaires completed before or within the seven day window are termed “on-time responses”. 

Questionnaires completed after the seven day window are termed “salvage responses”. 5% of the 

scheduled questionnaires were never completed.   

Proportion of 
scheduled 
questionnaires 

Time  
of response 

Completed follow-up 
questionnaires  

(Q=1367) 

On-time response Before day 0 37 (3%) 
84% Electronic 0 

 Paper 37 

 Day 0 – the target day 553 (40%) 
 Electronic 481 
 Paper 72 

 Day 1-3 417 (31%) 
 Day 1 212 
 Day 2 128 
 Day 3 77 

 Electronic 403 
 Paper 14 

 Day 4*-6 207 (15%) 
 Day 4 101 
 Day 5 70 
 Day 6 36 

 Electronic 203 
 Paper 4 

Salvage response Day 7 or later 153 (11%) 
11% Day 7 60 

 Day 8 32 
 Day 9 13 
 After day 9 48 

 Electronic 134 
 Paper 19 

*The patients completing questionnaires electronically received a reminder on day 4 if the answer  

was not provided.   
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