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1 INTRODUCTION 

1.1 Background 

Patients with multiple myeloma (MM) report high symptom burden and poor health-related quality 

of life (HRQL) compared with those with other hematologic malignancies (1, 2). More than half of 

MM patients report fatigue and pain due to bone lesions and about a third experience shortness of 

breath, appetite loss, insomnia, and constipation (2). With the introduction of high-dose 

chemotherapy and subsequent autologous stem cell transplantation (ASCT) therapy, both the 

survival and HRQL in younger MM patients has improved (3, 4). However, since MM is an 

incurable disease, patients with MM will experience disease relapse sooner or later. For fit and 

younger MM patients salvage ASCT has therefore been introduced. However, the outcome of 

salvage ASCT has shown contradicting results in terms of survival (5). The risk of disease relapse 

therefore remains high following salvage ASCT and there is a need for improvement of the 

response of salvage ASCT.  

 

The overarching objective of the CARFI trial was therefore to determine whether salvage ASCT 

and subsequent carfilzomib-dexamethasone (Kd) maintenance therapy prolonged the time to 

progression, compared to salvage ASCT and observation only. The primary trial endpoint was time-

to-progression (TTP) with patients being followed until disease progression, unacceptable 

toxicities, withdrawal or end of study. The main study hypothesis was that Kd maintenance therapy 

would prolong the TTP. In addition, it was also assumed that Kd maintenance therapy would be 

well tolerated and not adversely impact on HRQL. HRQL was therefore a predefined secondary 

endpoint in the maintenance phase of the CARFI trial, and was evaluated by means of patient-

reported outcome (PRO) measures appropriate to this patient group and the trial interventions.  

 

The date for the data cut-off (equal to the last patient’s last visit, i.e. nine months after 

randomization) was the 1 September 2019. The primary analysis showed that Kd maintenance 

therapy post salvage ASCT significantly prolonged the TTP by approximately eight months 

compared to observation only post salvage ASCT.  

 

This document specifies the statistical analysis plan for the secondary endpoint of HRQL. These 

analyses are intended to support the interpretation of the primary endpoint. Specifically, the positive 

effect of Kd maintenance therapy on TTP should be balanced against any drug-related side effects 

as experienced by patient and reflected in the PRO data.  

 

1.2 Rationale for PRO objectives and hypotheses in the CARFI trial 

1.2.1 Impact of autologous stem cell transplantation (ASCT) on HRQL of MM patients  

A recent systematic review found that MM patients who receive ASCT experience an immediate 

deterioration in HRQL, specifically worse functioning scores and increased symptom burden (6). 

The review also revealed that the adverse impact of ASCT was only short-lived and patients 
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recovered their HRQL functioning scores and returned to pre-ASCT symptom levels as early as one 

to two months after undergoing ASCT therapy.   

 

1.2.2 Impact of salvage autologous stem cell transplantation (ASCT) on HRQL of MM patients 

To the best of our knowledge, only one study has described the impact of salvage ASCT on HRQL 

using PRO measures in relapsed MM patients. 

 

In a phase III randomized controlled trial (n=288, the UK Myeloma X trial), published in 2019, 

relapsed MM patients were randomized between salvage ASCT after a prior ASCT or non-

transplantation consolidation (NTC) with oral cyclophosphamide once weekly (7-9). HRQL was 

evaluated with two PRO measures, the European Organisation for Research and Treatment of 

Cancer (EORTC) Quality of Life Questionnaire – Core 30 items (QLQ-C30) and the Quality of Life 

Multiple Myeloma questionnaire (QLQ-MY20). Data was collected at randomization (to salvage 

ASCT or NTC), at day 100, six and 12 months after random assignment, and then annually until 

last randomized patient reached two years post randomization.  

 

Overall, the Myeloma X trial showed that salvage ASCT was superior to NTC in terms of TTP. 

Within-groups analysis revealed that the group randomized to salvage ASCT experienced an 

immediate deterioration in HRQL (functioning and symptom scores), but also that most of the 

HRQL scores (functioning and symptom) were restored to baseline health status (pre-salvage ASCT 

therapy) two to three months post salvage ASCT therapy. Specifically, emotional functioning and 

symptoms of insomnia and constipation recovered the fastest (within the first three months post 

salvage ASCT) while Global health status/Quality of life (GHS/QoL), role functioning and body 

image in addition to symptoms of nausea/vomiting began to recover three months post ASCT. For 

social functioning and symptoms of fatigue, appetite loss and dyspnea a steady recovery 

throughout the first six months post salvage ASCT was seen.  

 

1.2.3 Impact of maintenance therapy following autologous stem cell transplantation (ASCT) on 

HRQL of MM patients  

To the best of our knowledge, no studies have investigated the effect of maintenance therapy with a 

Kd-based treatment regimen after salvage ASCT. A recent study compared HRQL after first-line 

ASCT between patients at baseline (30-100 days post ASCT and no maintenance therapy) and 

patients >100 days post ASCT receiving maintenance therapy (monotherapy or combination 

therapy with the drugs lenalidomide, bortezomib, dexamethasone) or no maintenance therapy. The 

study found that HRQL (various aspects of functioning and symptoms assessed by the PRO 

measure(s) EORTC QLQ-C30 and QLQ-MY20 and the generic EuroQoL five dimension (EQ-5D)) 

in the patients receiving maintenance therapy was not associated with a notable detriment, 

compared to no maintenance, except for clinically relevant worse scores of diarrhea and future 

perspectives (10). 
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1.2.4 Impact of Carfilzomib-dexamethasone (Kd)-based regimens on HRQL of MM patients 

A recent, large randomized controlled trial (RCT) (n=929, ENDEAVOR trial) comparing Kd with 

bortezomib-dexamethasone (Vd) in relapsed/refractory MM patients reported that Kd, relative to 

Vd, significantly prolonged progression free survival (PFS) and improved overall survival (OS) (11, 

12).  

 

PROs were included as exploratory endpoints, evaluated with the EORTC QLQ-C30, QLQ-MY20 

and the Functional Assessment of Cancer Therapy/Gynaecologic Oncology Group/Neurotoxicity 

(FACT/GOG-Ntx) sub-scale instrument, and collected at randomization and at day 1 of each 28-day 

treatment cycle until disease progression, withdrawal of consent or if patients received another 

anticancer treatment (13) .  

 

The longitudinal within-group changes for the Kd group in the ENDEAVOR trial is of special 

interest, since this is the only study that describes the impact of Kd on PROs in relapsed MM 

patients. The ENDEAVOR trial found statistically significant and clinically meaningful within-Kd-

group worsening in the PRO domains fatigue from week 48 (=11 months), role functioning from 

week 60 (=15 months) and physical functioning at week 72 (=17 months). No other of the PRO 

subscales reached the thresholds for clinically meaningful changes from baseline.  

It should be noted, that the Kd therapy in the ENDEAVOR trial was different to the current CARFI 

trial. Whereas the dosages for carfilzomib (56 mg/m2) and dexamethasone (20 mg) were identical, 

the drugs were given more extensively in the ENDEAVOR trial compared to the CARFI trial. In 

addition, the starting point for treatment with Kd may not be the same either, since the MM patients 

in the ENDEAVOR trial did not undergo ASCT, which is in contrast to the current CARFI trial, 

where all patients receive salvage ASCT prior to Kd therapy.  

 

In a recent RCT (n=792; the ASPIRE trial), published in 2015, carfilzomib-lenalidomide-

dexamethasone (KRd) were compared to lenalidomide-dexamethasone in relapsed/refractory MM 

patients (14). Besides the primary endpoints, PFS and OS, PROs were evaluated with the EORTC 

QLQ-C30 and QLQ-MY20 instruments (15), collected at randomization, and subsequently at day 1 

of each 28-day treatment cycle. Carfilzomib (27 mg/m2) was given six times and dexamethasone 

(40 mg) four times during each cycle.  

 

The ASPIRE study found that median PFS and OS was significantly prolonged in the KRd group 

compared to the control group (P<0.001) (14). With regards to the PRO data, within-group changes 

in the KRd-arm revealed statistically, but not clinically meaningful improvements from baseline in 

the following PRO domains: GHS/QoL, physical functioning, role functioning, fatigue, 

nausea/vomiting, pain, adverse effects of treatment and disease symptoms (15).   

 

Of note, besides variations in treatment intensity between the ASPIRE and CARFI trial (different 

drug dosages), the MM patients in the ASPIRE trial nor had received ASCT, which may limit the 

basis for direct comparison between the two trials.   
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1.2.5 Impact of carfilzomib-dexamethasone-based regimen on toxicity and peripheral neuropathy of 

MM patients 

A phase I-II trial, investigating the effect of carfilzomib, lenalidomide and dexamethasone in newly 

diagnosed MM patients, found clinician-reported peripheral neuropathy (any grade) in 23-39% of 

the patients. The peripheral neuropathy was, however, mostly of only grade 1 to 2 according to 

common terminology criteria for adverse events (CTCAE) evaluation (16, 17).  

Furthermore, a recent systematic review, summarizing the effect of carfilzomib-based regimens in 

MM patients, demonstrated that Kd-based regimens has a favorable toxicity profile (18), with the 

most frequent symptomatic adverse events of any grade to carfilzomib being fatigue, nausea, 

dyspnoe and diarrhea (19).  

1.2.6 Impact of dexamethasone-based regimens on HRQL  

Corticosteroids, like dexamethasone, are frequently used in treatment combinations for the 

myeloma disease (20). However, the downside of corticosteroids is a number of side effects, i.e. 

psychological disturbances, depression, anxiety, agitation and irritation and swelling 

tendencies due to fluid retention, especially following long-term use (21).  

 

1.3 PRO and HRQL summary  

In conclusion, the evidence indicates that treatment with ASCT initially impacts core aspects of 

HRQL (GHS/QoL, role, social, physical functioning, fatigue, dyspnea, body image, appetite loss), 

but that most of these recover to pre-ASCT levels of HRQL by three to six months. In addition, 

although data are scarce, maintenance therapy post ASCT seems not to adversely impact HRQL, 

expect for worse scores for diarrhea and future perspectives. Of note, the latter is most likely 

drug-dependent and may be controlled through supportive care post-transplant. Specifically for 

carfilzomib, this drug seems to have a favorable toxicity profile and does not appear to negatively 

impact core aspects of HRQL. However, if provided with higher intensity (higher dosages per 

injection), carfilzomib may induce toxicity symptoms of fatigue, nausea, dyspnoe and diarrhea. 

Finally, dexamethasone alone may too give rise to a number of side effects, which may impact core 

aspects of HRQL such as emotional function and body image as well as symptoms of agitation 

and irritation.  
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2 OBJECTIVES and HYPOTHESES  

Pre-specified HRQL objectives and/or hypotheses were not described a priori in the CARFI study 

protocol (version 1, 2015). Hence, the stated PRO objectives and hypothesis described below were 

developed post-hoc after study initiation. Further, for transparency and to avoid data-driven 

analysis, the current SAP was finalized while the database was locked and before that PRO data 

was accessed. Furthermore, it was made publicly available prior to analysis.   

 

2.1 PRO objectives and hypothesis 

Primary objective and outcome:  

To compare the effects of Kd maintenance therapy, relative to observation only, on changes in 

HRQL as assessed by the EORTC-QLQ-C30 Summary score from randomisation to eight months 

follow-up.  

 

The primary endpoint for the HRQL analysis will thus be changes in the EORTC QLQ-C30 

Summary Score. The primary analysis time point, eight months from randomization, is selected 

since the date of data cut-off was when the last patient had been followed for nine months from 

randomization (which was finalized in September 2019). The last PRO assessment occurred at eight 

months. This time point is further anticipated to be the time point that most patients will reach 

before experiencing progressive disease. Hence, we expect the eight months´ time point to be the 

time point that includes the largest proportion of recruited patients still on study in both groups, but 

also the time point least affected by non-ignorable missing PRO data, thus minimizing statistical 

bias. Finally, this time point allows us to compare HRQL when subjects had had long enough time 

to recover from the effects of salvage ASCT. Note that all available data (from randomisation and 

until progression/death/drug discontinuation/end of study progressive disease) will be 

presented/graphed for all outcomes, as described below.   

 

Hypothesis: 

There will be no difference between the two groups in change from randomisation to 

eight months follow-up of the EORTC-QLQ-C30 Summary score.  

 

Secondary objectives and outcomes: 

Secondary objectives of the study include exploration of the effects on other important PRO 

domains. For each PRO, the effect of Kd maintenance therapy will be compared to observation 

alone. The analysis metrics vary among domains, as described below. 

1. Change in HRQL as assessed by the individual domains of the instruments EORTC QLQ-C30, 

EORTC MY20 and FACT/GOG-ntx subscale from randomisation to eight months follow-up.  

 

Hypothesis: 

There will be no difference in HRQL, except for the domains potentially impacted by 

Kd-related side effects: “Nausea/vomiting”,“Fatigue”,”Dyspnea” and “Diarrhea” 
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and a poorer “Body Image”, compared to patients randomised to observation only. 

Even for these five domains, the differences will not exceed the threshold for clinically 

relevant differences.  

 

2. The proportion of patients who have improved, remained stable and worsened in HRQL, as 

assessed by the functional domains (except cognitive functioning) and GHS/QoL scale of the 

EORTC QLQ-C30 and body image domain of the EORTC QLQ-MY20, from randomisation to 

eight months follow-up.   

 

Hypothesis: 

The proportion of patients that improved/remained stable/worsened will be similar 

between the two groups  

 

3. The time to first recorded improvement in HRQL, as assessed by the functional domains (except 

cognitive functioning) and GHS/QoL scale of the EORTC QLQ-C30 and the EORTC MY20 body 

image domain, from randomisation to eight months follow-up. 

 

Hypothesis: 

Patients randomised to Kd-therapy will take a longer to time to achieve significant 

clinically relevant improvement in emotional functioning, role functioning and social 

functioning as well as in the body image domain, compared to observation only, but 

will not differ in time to improve in physical functioning and GHS/QoL.     

 

4. The proportion of patients with Kd-related patient-reported symptoms, and the proportion of 

patients with Kd-related moderate to severe symptoms of “fatigue”, “dyspnea”, “nausea/vomiting”, 

“insomnia” and “agitation and irritation”, from randomisation to eight months follow-up. 

 

Hypothesis: 

A larger proportion of patients randomized to Kd therapy will report more severe 

levels of symptoms compared to observation only  

 

5. The time in quality-adjusted progression-free-period (QAPFP) (time in remission) from 

randomisation to progression/death/drug discontinuation/end of study using two quality adjusted 

utility scores: 1) The EORTC QLQ-C30 Summary Score and, 2) The EORTC Quality of Life 

Utility Measure-Core 10 dimensions (QLU-C10D), a preference-based multi-attribute health state 

classification based on EORTC QLQ-C30. At the time of writing this SAP, the Danish QLU-C10D 

value set was not available; the German value set will be used if the Danish QLU-C10D value set is 

not available at the time of analysis. 

 

Hypothesis: 

QAPFP will not differ substantially from the difference observed in PFS since we do 

not expect Kd to impact significantly on HRQL 
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3 STUDY DESIGN 

3.1 Design 

The CARFI trial is a phase II, parallel group RCT, multi-centre study investigating the TTP in 

relapsed MM patients treated with salvage ASCT and subsequent maintenance therapy or 

observation only. 

3.2 Randomization and blinding 

Two months after salvage ASCT patients were randomized (1:1) to maintenance therapy with 

intravenous Carfilzomib 27 mg/m2 and dexamethasone 20 mg every second week or observation 

only. The maintenance dose of Carfilzomib was escalated to 56 mg/m2 after 4 weeks provided 

acceptable side effects. The randomization procedure was stratified according to relapse 1-2 year or 

>2 years after the primary ASCT, multiple myeloma international staging system and standard 

versus high-risk cytogenetics. Due to the open-label design, blinding of clinicians and patients was 

not possible. 

 

4 PATIENT-REPORTED OUTCOMES 

4.1 Administration and timing of PRO assessments 

PRO data were collected at randomization (two months post salvage ASCT) and then every second 

month until progression/death/drug discontinuation/end of study (last patient, last visit, which was 

nine months from randomization). If an otherwise scheduled visit was postponed (due to vacation, 

public holidays, acute toxicities beyond grade 2), so was the PRO data completion. Thus the PRO 

data completion followed the clinic visit, and the time windows between the PRO completions 

could therefore potentially be longer than two months if visits were postponed.  

 

The PRO instruments were completed electronically or in hard copy when patients were at the 

outpatient clinic for study protocol visit. Study nurses had the opportunity to report reasons for non-

completion of questionnaires, but this was not mandatory. Therefore, complete recording of reasons 

for non-compliance is not expected.  

4.2 PRO measures 

The rationale for including the PROs (the EORTC QLQ-C30, QLQ-MY20 and the FACT/GOG-ntx 

subscale) was that the EORTC QLQ-C30 and QLQ-MY20  instruments were the most frequently 

used instruments for HRQL measurement in patients with MM (22, 23). They therefore provide the 

greatest opportunity for comparison with previous MM studies. The FACT/GOG-ntx was included 

to investigate peripheral neuropathy, which is a frequent side effect of anti-myeloma treatment and 

not covered by the two other instruments. Translated instruments were available for use in all of the 

participating countries. 
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4.2.1 EORTC QLQ-C30 

The EORTC QLQ-C30 instrument is a cancer-generic questionnaire that consists of 30 items, 

combined into 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). Each 

item is scored on a four-point categorical scale. The domain scores will be calculated according to 

the EORTC manual and translated into a scale of 0-100 (24) . A high score represents good HRQL 

for functional domains, and a low score presents low degree of symptoms for the symptom 

domains. The EORTC QLQ-C30 has been validated in patients with MM (25). The questionnaire 

uses a recall period of 7 days.  

 

Besides the individual domains of the EORTC QLQ-C30, two summary scores from the QLQ-C30 

instrument will also be derived. 

 

The EORTC QLQ-C30 Summary Score (QLQ-C30 Sum Sc) is an established summary score 

calculated from the mean of 13 (27 items in total) out of 15 QLQ-C30 domains (GHS/Global QoL 

and Financial impact are excluded). Prior to calculating the mean, the symptom scales will be 

reversed to obtain a uniform direction of all scales. After reversing the appropriate items, scores 

will be summarised and divided by the number of domains (=13). The QLQ-C30 Sum Sc ranges 

from 0-100, with 100 being best (26).  

 

The EORTC QLU-C10D is a multi-attribute utility instrument, which allows a preference-based 

HRQL summary score to be calculated from data collected with the EORTC QLQ-C30 instrument. 

The QLU-C10D contains 13 items of the QLQ-C30´s 30 items, and 10 of its 15 domains: physical 

functioning (mobility), role functioning, social functioning, emotional functioning, pain, fatigue, 

sleep, appetite, nausea, bowel problems. The severity of impairment in each dimension is 

expressed by the four categories used in the QLQ-C30: “not at all”, “a little”, “quite a bit”, “very 

much”. An algorithm is used for the calculation of health-state utilities according to the 10 

dimensions (27). The QLU-C10D will be used as a second approach to a HRQL summary score 

because this is arguably more appropriate than the QLQ-C30 Sum Sc for quality adjusting 

progression-free-period. Also, it is methodologically interesting to include both types of summary 

measure, and compare them (e.g. correlation) as an exploratory descriptive analysis, as they are 

both relatively new. 

 

4.2.2 EORTC QLQ-MY20 

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

body image) and two symptom domains (disease symptoms and side effects of treatment) (28, 29). 

The module is administered in addition to the EORTC QLQ-C30 questionnaire and all domains, 

except for body image, are multi-item domains. The domain scores will be calculated according to 

the EORTC manual and translated into a scale of 0-100 (24) . A high score represents good HRQL 
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for functional domains, and a low score represents a low degree of symptoms for symptom 

domains. The questionnaire uses a recall period of 7 days.  

4.2.3 FACT/GOG-ntx subscale 

The FACT/GOG-ntx subscale is a single domain 11-item questionnaire (30). The questionnaire has 

been used in MM patients for evaluation of treatment-related PN (31). The instrument is scored 

from 0-44 and a higher score means a lower degree of PN. The questionnaire has a recall period of 

7 days. The score will be calculated in accordance with the FACT scoring guidelines including 

instructions on how to handle missing data (30). For the FACT/GOG-ntx subscale a between-group 

MID that exceeds 11.8 point will be interpreted as a clinically meaningful between-group difference 

(32). However, others have estimated the MID to be no more than 4.4 points (33). Thus, a 

conservative strategy for interpreting clinical meaningful difference in neuropathy will be used. 

Since the Kd treatment is expected to be a low toxicity treatment regimen a MID threshold of 4.4 

points will be used as the primary MID. However, a sensitivity analysis with the more stringent 

MID threshold of 11.8 points will also be conducted.  

4.3 Primary endpoint 

The primary endpoint for the HRQL analysis will be the EORTC QLQ-C30 Sum Sc. The reason for 

choosing the QLQ-C30 Sum Sc as the primary endpoint is as follows: 1) there is currently no 

standard HRQL assessment for use in MM maintenance trials; 2) the QLQ-C30 Sum Sc captures 

the most generic HRQL concepts of importance; and 3) the use of an overall score avoids issues 

with multiplicity. However, since this is a fairly new score and has not yet been subjected to 

extensive psychometric validation, the individual QLQ-C30 domains must be analysed as 

secondary outcomes to allow in depth clinical interpretation of the contributions of each of the 

subscales to the overall QLQ-C30 Sum Sc. Each PRO subscale will be interpreted according to 

clinically relevant minimal important differences (MID) using the evidence-based guidelines for 

between-group differences (34) and change over time (35). The smallest thresholds for MIDs 

between groups will be used to interpret the clinical importance of the results for each of the key 

PRO subscales of the EORTC QLQ-C30 instrument. However, as a minimally important difference 

(MID) has not yet been established for the QLQ-C30 Sum Sc, a 10 point change/difference will be 

used as an indicator of a between-group MID on this endpoint (36, 37). Thus, a change from 

baseline of ≥ +10 points will be considered a clinically relevant improvement, a change of ≤ -10 

points will be considered a clinically relevant worsening, and changes below +10 and -10 points 

will be considered no clinically relevant changes.  

4.4 Secondary endpoints  

 

1) The 15 domains of the EORTC QLQ-C30 

 

a. Five functional domains 

i. Physical  

ii. Role 

iii. Social 
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iv. Emotional 

v. Cognitive 

 

b. Nine symptom domains 

i. Fatigue 

ii. Nausea and vomiting  

iii. Pain  

iv. Dyspnoea  

v. Insomnia 

vi. Appetite loss 

vii. Constipation  

viii. Diarrhoea 

ix. Financial difficulties 

 

c. Global health state/QoL 

 

2) The four domains of the EORTC MY20 

  

a. Two functional domains 

i. Future perspective 

ii. Body image 

 

b. Two Symptom domains 

i. Disease symptoms 

ii. Side effects of treatment 

 

3) The FACT/GOG-ntx subscale 

 

4) Kd-related single-item patient-reported symptomatic side effects 

 

a. Single items from the EORTC QLQ-C30 instrument assessing 

i. Dyspnea; “Where you short of breath” (item 8) 

ii. Insomnia; “Have you had trouble sleeping”(item 11) 

iii. Fatigue; “Did you need to rest” (item 10); “Have you felt weak” (item 12); 

“Were you tired” (item 18) 

iv. Nausea/Vomiting; “Have you felt nauseated” (item 14), “Have you 

vomited”(item 15) 

v. Diarrhea; “Have you had diarrhea”(item 17) 

 

b. Single item from the EORTC MY20 instrument assessing 

  

i. Restlessness and agitation; “Did you feel restless or agitated” (item 44) 
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5) The Multi-attribute utility instrument (EORTC QLU-C10D) 

 

4.5 PRO compliance  

Compliance will be calculated using the proportion of randomized patients with completed 

questionnaires (EORTC QLQ-C30, MY-20 and FACT/GOG-ntx) and the proportion of patients 

expected to complete questionnaires (alive and still on study). This will be tabulated per trial arm at 

baseline and then subsequently for all scheduled visits until the date of data cut-off (last patient, last 

visit) (Table xx).  

 

5 STUDY POPULATION  

The primary analyses will be based on the Intention to Treat (ITT) population, including all 

randomised participants with available data at baseline and at least one completed set of PROs at 

the subsequent assessment time points. The ITT principles assert the effect of a treatment policy 

(that is, the planned treatment regimen) rather than the actual treatment given (i.e. it is independent 

of adherence). This has the consequence that participants allocated to a treatment group should be 

followed up, assessed and analysed as members of that group irrespective of their compliance to the 

planned course of treatment (i.e. independent of withdrawals and cross-over phenomena). Thus, all 

randomized subjects will be included in the analysis population according to the treatment they 

were randomized to receive. 

  



 Statistical Analysis Plan 
The CARFI trial – analysis of secondary endpoints: patient-reported outcomes data 

17 
 

6 STATISTICAL METHODS 

6.1 Sample size and power calculation 

Sample size in the maintenance phase of the CARFI trial was determined according to the primary 

trial endpoint (TTP). According to the trial protocol, it was expected that 150 patients would 

continue to the maintenance phase, thus constituting the study population for this secondary 

analyses of patient-reported HRQL. No formal power analysis for the PROs was performed.   

6.2 Framework 

The main PRO objective is to determine whether Kd-therapy adversely impacts HRQL. Thus, the 

primary endpoint is evaluated in a non-inferiority setting with the agreement-limit for non-

inferiority being the MID (as described below). The secondary PRO outcomes are evaluated for 

non-inferiority for the individual domains of scales and superiority for remaining outcomes. 

6.3 Statistical analysis  

6.3.1 Descriptive statistics 

Graphs and summary statistics will be reported for each of the PROs , including subscale domains 

and items, by visit as well as change in scores from randomization to the end of study for all 

patients (PRO trajectories) still on trial at the date of data cut-off (last patient, last visit) (Table 1).   

6.3.2 Primary endpoint 

The impact of Kd maintenance therapy, relative to observation only, post salvage ASCT on 

HRQL as assessed by the EORTC QLQ-C30 Summary Score 

6.3.2.1 Primary analysis 

The change from baseline in QLQ-C30 Sum Sc will be the primary response variable and analyzed 

using a linear mixed effects model for repeated measures (MMRM) of the change from baseline in 

QLQ-C30 Sum Sc for each visit until eight months follow-up allowing us to compare the average 

effect of Kd maintenance therapy, relative to observation only. The model will include patients as a 

random variable and time (baseline, 2, 4, 6 and 8 months), treatment arm (Kd maintenance; 

observation only) and country (Denmark, Sweden, Norway, Finland, Lithuania) as fixed factors.  

 

Coefficient for mean differences with 95% confidence intervals from the model will be presented in 

a table and means will be presented in a figure. Normality assumptions on residuals and random 

effects will be checked by quantile-quantile plots. In case of non-normality non-parametric 

confidence intervals will be estimated by bootstrapping with 1000 repetitions. The main analysis 

will include all answers from baseline to the eight months follow-up. Mean change in score from 

baseline and mean differences between treatment arms will be estimated with 95% confidence 

interval (CI) from the mixed effects models. The results will be presented in a table, or as text.  

6.3.2.2 Supportive secondary analysis of the primary endpoint 

A summary measure approach applied to the QLQ-C30 Sum Sc will be used as a supportive 

analysis of the primary endpoint. This method considers the individual as the basic unit and uses the 

responses for each individual subject to construct a simple number, which summarizes (some 
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aspects of) that subject´s response curve. Hence, calculation of mean QLQ-C30 Sum Sc. per patient 

using all available assessment time points will be conducted.  

 

I.e., the average QLQ-C30 Sum Sc. of all PRO assessment per patient, averaged across all 

available time points from randomization to progressive disease/death/drug discontinuation/end of 

study, will be calculated. Hence, if a patient has any intermittent missing data, these will not be 

imputed (e.g. if the 6 month PRO data are missing the sum score will be derived as follows: 

baseline + 2 month + 4 month + 8 month divided by four (=number of completed assessments)). 

Subsequently, the per-patient average QLQ-C30 Sum Sc´s will be used as the analysis variable to 

compare differences between the two treatment groups with appropriate statistical testing, applying 

bootstrapping in case of non-fulfilled distributional assumptions. The results will be presented in a 

table, or as text.  

 

6.3.3 Secondary endpoints  

6.3.3.1 Individual domains of the EORTC QLQ-C30, MY20 and FACT/GOG-ntx subscale 

Within and between groups comparison of change from baseline to progression/death/drug 

discontinuation/end of study in the secondary endpoints (all individual PRO domains) will be 

analysed using similar methodology to the primary analysis of the primary endpoint (Table 2).  

6.3.3.2 The proportion of patients, that has improved, remained stable or worsened   

The proportion of patients that have perceived improvement, remained stable or worsening from 

randomisation to each assessment time point (2, 4, 6, 8 months follow-up) will be evaluated using 

PRO data at a patient-level (38). Thus, each time point will be compared to the baseline level (as is 

obtained at randomisation). The results will be presented in a table, or as text.  

 

For the EORTC QLQ-C30 multi-item domains and GHS/QoL, patients will be categorized as 

having perceived either an improvement or worsening from baseline if they experience a change 

score (in the direction of improvement respectively worsening) that exceeds at least 20 points. 

Hence, a stable patient will be defined as a patient with neither improvement nor worsening from 

baseline of more than 20 points (39). For the EORTC MY20 single-item domain, Body Image, 

patients will be categorized as having perceived either an improvement or worsening from baseline 

if they experience at least a one unit change (in the direction of improvement respectively 

worsening) from baseline corresponding to a score that exceeds at least 33 points. A stable patient 

will therefore be defined as a patient with neither improvements nor worsening from baseline of 

more than 33 points (40).  

 

Between treatment groups, this endpoint will be analyzed as a binary endpoint, comparing the 

proportion of patients with improvements using chi-square test of homogeneity. Data will be 

presented as percentage of patients who experienced improvement and odds ratios with 95% CI.  
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6.3.3.3 Time to first recorded improvement in the functional domains and GHS/QoL scale of the 

EORTC QLQ-C30 and the EORTC MY20 body image domain  

In this analysis, data at a patient-level is used once again (38). An event (first recorded 

improvement) will be calculated as time from randomisation to the first time the patient records a 

change (in the direction of improvement) of at least 20 points for the EORTC multi-item domains 

(39), and 33 points (in the direction of improvement) for the Body Image domain of the EORTC 

MY20 instrument (40). Patients that do not record an improvement at any time point will be 

censored at progression/death/drug discontinuation/end of analysis time point (eight months follow-

up) (whichever comes first).  

 

Patients with no baseline score and patients with high functioning as well as good GHS/QoL and 

Body Image at randomization will be excluded from this analysis since this leaves “no room for 

improvement”. “No room for improvement” will be defined as follows: a baseline score greater 

than 80 for the functional domains and the GHS/QoL scale of the EORTC QLQ-C30 instrument. 

For the single-item domain of the EORTC MY20, Body Image, a good baseline score will be less 

than 33 points. Analysis will only be performed if there are a sufficient number of patients 

available.  

 

The mean time to improve will be compared between the treatment groups using a proportional 

hazards cox regression model with treatment and baseline scores as well as country as covariates 

and presented as a hazard ratio (HR) with corresponding 95% CI and p-value and displayed using 

Kaplan-Meier curves.  

6.3.3.4 The proportion of patients with Kd-related symptoms and proportion of patients with 

moderate to severe patient-reported symptomatic side effects  

For all items, an individual raw score will be calculated in accordance with the EORTC QLQ-C30 

manual for calculating raw scores for single-item symptom scales (24). 

 

The proportion of patients reporting Kd-related symptoms will be calculated according to the 

following definition: a patient is defined to have a Kd-related symptom if the scale score 

corresponds to at least “a little” (≥33 points).  

 

The proportion of patients reporting moderate to severe Kd-related symptoms will be calculated 

according to the following definition: a patient is defined to have moderate to severe Kd-related 

symptoms if the scale score corresponds to at least “quite a bit” (≥67 points). This dichotomized 

grading has previously been used in patients with hematological malignancies (2).  

 

Proportions between treatment groups will be compared using similar statistical methodology to the 

analysis in section 7.4.2. The degree of symptoms at each time point (x-axis) will be presented 

graphically as proportions (y-axis) and will be presented in a table, or in a figure. 
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6.3.3.5 Time in quality-adjusted progression-free-period  

If Kd maintenance therapy significantly improves the time from randomisation to 

progression/death/drug discontinuation/end of study, but at the same time causes substantial 

symptoms and/or toxicity, a measure of the net clinical benefit is indicated. This can be 

demonstrated by incorporating time in quality-adjusted progression-free-period (QAPFP) and 

HRQL into a single measure. This is defined as time in QAPFP and describes the duration of good 

quality of life. 

 

A. EORTC QLQ-C30 Summary Score 

In the calculation of time in QAPFP, the mean QLQ-C30 Sum Sc from randomisation to 

progression/death/drop-out/end of study will be derived using a mixed model for repeated measures 

separately for each treatment group. This model includes all QLQ-C30 Sum Sc up to the 

measurement closest to progression/death/drop-out/end of study. To estimate the QAPFP for each 

treatment arm, the mean EORTC QLQ-C30 Sum Sc will be divided by 100 so that it is on a 0-1 

scale and then multiplied with the estimated mean time to progression. From these estimates 

restricted mean PFS time up to 9 months follow-up will be estimated by applying the Kaplan-Meier 

method. The difference in mean QAPFP between treatment groups will be presented with 

corresponding 95% CI and p-value, which will be calculated using bootstrap methods. As a 

sensitivity analysis QAPFP will be estimated for the full follow-up, without artificial censoring at 9 

months and including all QLQ-C30 measurements. The results will be presented in text or in a table 

(Table xx). 

 

B. EORTC QLU-CD10  

Calculation of time in QAPFP using the EORTC QLU-CD10 and difference in mean QAPFP 

between the two treatment groups will be analysed using similar statistical methodology to the 

analysis in section 6.3.3.5 A. The results will be presented in text or a table (Table xx). 

6.4.1 Missing data patterns  

The primary analysis, using MMRM, is valid only under the assumption that missing data are 

missing at random (MAR). With an assumed faster attrition rate for the patients randomized to 

observation only, especially beyond the eight months follow-up, the numbers of missing data are 

expected to be larger for the observation only group. It cannot be rejected that these data are 

missing not at random (MNAR), thus potentially inflicting bias to the MMRM analysis. 

 

6.4.1.1 Dropout (yes vs no) 

An MMRM analysis will be conducted adjusting for dropout using a simple dropout variable (yes 

vs no) (41). 

 

6.4.1.2 Pattern mixture models 

To validate the primary analysis we will explore whether the missing data patterns are informative. 

We will do this by stratifying the patients randomised to Kd or observation only into groups based 

on their last completed PRO (for example, group 1: drop out before PRO visit 2 (baseline to month 

2), group 2: drop out after PRO visit 2, but before PRO visit 3 (between month 2 and 4), group 3: 

drop out after PRO visit 3, but before PRO visit 4 (between month 4 and 6), group 4: full 
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responders (participants who completed questionnaires at PRO visit 5 (baseline to eight months) 

regardless of intermittently missing PRO assessments).  

 

An MMRM analysis estimating the average score for the QLQ-C30 Sum Sc scale for each 

treatment group per dropout time will be conducted (42). Subsequently, the average PRO data for 

group 4 (full responders) will be compared to each of the drop-out groups, stratified by time of 

dropout (for example group 4 vs. group 2). Of note, comparison of mean PRO scores between the 

various dropout groups will only be conducted within treatment arms. Differences will be examined 

with appropriate statistical testing and deemed significant if p < 0.05. Furthermore, MIDs will be 

determined using evidence-based guidelines for interpretation of the QLQ-C30 (35). Hence, if the 

mean PRO score of subgroup 2 is statistically and clinically significantly different compared to 

group 4 (full responders), the non-responses of subgroup 2 will be considered as missing not at 

random (e.g. PRO scores deteriorate in the lead-up to drop-out) and the MMRM results need careful 

interpretation. HRQL trajectories grouped by the timing of dropout will be plotted by treatment 

group and graphed to assess the trends over time by missing data pattern (41).  

 

In addition, we will also explore the missing data patterns for the whole dataset by stratifying the 

patients randomised to Kd or observation only into groups based on their dropout history. Early 

dropout will be defined as patients who drop out before the 10 months follow-up, late dropout will 

be defined as patients who drop out at or after 10 months follow-up and patients still in study at the 

date of cut-off will be defined as no drop-out.  These groups will be explored with the same 

techniques as above. Of note, to ensure reasonable precision in mean PRO scores for each group 

stratified by time of dropout, only subgroups with more than 10 patients will be analyzed. The 

number of patients contributing to each mean will be shown in a table at the bottom of the graph.  

6.6 Statistical principles 

6.6.1 Level of statistical significance 

All applicable statistical tests will be two-sided and will be performed using a 5% significance level 

for primary analyses and 1% for secondary analyses. All confidence intervals will be 95% and two-

sided. 

6.6.2 Adjusting for multiplicity 

This SAP clearly defines one primary endpoint (average effect of Kd relative to observation only on 

HRQL using the mean QLQ-C30 Summary Score) and adjustment for multiplicity is therefore not 

needed for the primary analysis. As all other outcomes serve as supportive and/or explanatory 

outcomes, any adjustment for multiplicity is, by nature, not needed (43). However, p values are 

provided to aid interpretation, but must be interpreted with caution to account for the multiple 

testing. To decrease the risk of false positive interpretation, we only will interpret p-values < 0.01 

as indicating evidence for differences for secondary outcomes. 

6.7 Methods used for assumptions to be checked for statistical methods 

Normality assumptions will be checked by normal quantile-quantile plots. In case of problems with 

the normality assumptions we will estimate confidence intervals and p-values by bootstrapping with 

1000 repetitions as a sensitivity analysis. The proportional hazards assumption in Cox regression 

will be checked by Schoenfeldt residuals. 
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7 OPERATING PROCEDURES 

7.1 Database 

The PRO data are registered in the eCRF developed by the Quality of Life Research Center, 

Department of Hematology, Odense University Hospital. The project is approved for admission in 

the research infrastructure group of Odense Patient Explorative data Network (OPEN) and uses the 

electronic data capture platform REDCap (44). The REDCap database meets the safety requirement 

set by the Danish Data Protection Agency for storage of person sensitive data.  

7.2 Blinded interpretation  

The fact that the result of the primary endpoint in the CARFI trial (TTP) is known at the time of 

interpreting the secondary PRO endpoints, these interpretations may be vulnerable to prior 

convictions, wishful thinking and conflict of interest (45). Thus, to avoid misleading interpretation 

of the current PRO data a blinded interpretation process will be conducted as follows: 

 

1) An independent database manager will code each treatment arm into “treatment A” and 

“treatment B” and thus leaving all others blinded from treatment during analysis. 

 

2) Blinded data will be delivered to the statistician 

 

3) Primary and secondary endpoint analysis will be made blinded from treatment 

 

4) Results will be presented to the writing committee of the secondary PRO data from the 

CARFI trial (identical to the study chair in this SAP) where any uncertainties will be 

clarified. Two blinded interpretations of the primary endpoint results will be conducted prior 

to unblinding of data. One interpretation assumes that A is the experimental intervention 

(Kd) and another assumes that A is the control (observation only). After agreeing that there 

will be no further changes to the two interpretations, the writing committee records their 

decisions and signs the resulting document. Subsequently, the randomization code is broken, 

the correct interpretation is chosen, and the manuscript finalized (46).   

 

8 STATISTICAL SOFTWARE  

Analyses will be carried out using Stata 16.  
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10 TABLES and FIGURES 

10.1 Table xx. Baseline characteristics 
 Kd (n=xx) Observation 

(n=xx) 

Age (years (median), range))   

Sex  
 Female 

 Male 

  

Time from MM diagnosis (months (median), range))   

WHO performance status 

 0 

 1 

 2 

 3 or 4 

 Missing  

  

Geographical region 

 Denmark 

 Sweden 

 Norway 

 Finland 

 Lithuania  

  

Patient-reported Outcomes   

-EORTC QLQ-C30 functional domain scores, mean 

(SD) (0 to 100, 100=best) 

  Global Health Status/Quality of Life 

  Physical functioning 

  Role functioning 

  Emotional functioning 

 Cognitive functioning 

  Social functioning 

  

-EORTC QLQ-C30 symptom domain scores, mean 

(SD); (0 to 100, 100=worst) 

  Fatigue 

  Nausea/vomiting 

  Pain 

  Dyspnea 

  Insomnia 

  Appetite loss 

  Constipation  

  Diarrhea  

  Financial difficulties 

  

-EORTC QLQ-MY20 scores, mean (SD) 

  Disease symptoms (0 to 100, 100=worst) 

  Side effects of treatment (0 to 100, 100=worst) 

  Future perspectives worries (0 to 100, 100=best) 

  Body image loss (0 to 100, 100=best) 

  

-FACT-GOG/Ntx score, mean (SD) (0 to 44, 44=worst)   

Kd, carfilzomib-dexamethasone; EORTC QLQ-C30, European Organization for the Research and 

Treatment of Cancer QoL Questionnaire C30; SD, standard deviation; MY20, Multiple Myeloma 

Module; FACT-GOG/Ntx, Functional Assessment of Cancer Therapy/Gynaecologic Oncology 

Group/Neurotoxicity  
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10.2 Table xx. Completed and missing patient-reported outcome data  
 

Timing of 

assessment 

Kd (n=) Observation (n=) Total (n=xxx) 

 Number of forms, n (%)  Number of forms, n (%)  Number of forms, n (%)  

 Expected Received Missing Expected Received Missing Expected Received Missing 

Randomi-

sation 

(Baseline) 

         

Month 2          

Month 4          

Month 6          

Month 8          

…          

…          

Total          

Kd, carfilzomib-dexamethasone; Expected, still alive and still on study at each specific assessment time point 

 

10.3. Table xx. Quality-adjusted progression-free survival (QAPFS) 
 Kd Observation Difference 

(estimated 95% CI) 

P value 

Mean (SD) PFS     

Mean utility score 

(SD) 

-EORTC QLQ-C30 

Sum Sc. 

-QLQ U10 

    

QAPFS (SD)     

SD, standard deviation; EORTC QLQ-C30, European Organization for the Research and Treatment of Cancer QoL 

Questionnaire C30; QLQ U10, Quality of Life Utility Measure-Core 10 dimensions  
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10.4. Figure x. Flow chart 
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 Received allocated intervention (n=  ) 
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Allocation 
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 Received allocated intervention (n=  ) 
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 (reasons) 

Received ASCT (n=  ) 

 Discontinued study (n=) 

 Adverse events(n=) 
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