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Abstract
Introduction  Multiple myeloma is a bone marrow cancer, 
which predominantly affects older people. The incidence is 
increasing in an ageing population.
Over the last 10 years, patient outcomes have improved. 
However, this is less apparent in older, less fit patients, 
who are ineligible for stem cell transplant. Research is 
required in this patient group, taking into account frailty 
and aiming to improve: treatment tolerability, clinical 
outcomes and quality of life.
Methods and analysis  Frailty-adjusted therapy in Transplant 
Non-Eligible patients with newly diagnosed Multiple Myeloma 
is a national, phase III, multicentre, randomised controlled trial 
comparing standard (reactive) and frailty-adjusted (adaptive) 
induction therapy delivery with ixazomib, lenalidomide 
and dexamethasone (IRD), and to compare maintenance 
lenalidomide to lenalidomide+ixazomib, in patients with 
newly diagnosed multiple myeloma not suitable for stem cell 
transplant. Overall, 740 participants will be registered into the 
trial to allow 720 and 478 to be randomised at induction and 
maintenance, respectively.
All participants will receive IRD induction with the dosing 
strategy randomised (1:1) at trial entry. Patients randomised 
to the standard, reactive arm will commence at the full 
dose followed by toxicity dependent reactive modifications. 
Patients randomised to the adaptive arm will commence 
at a dose level determined by their International Myeloma 
Working Group frailty score. Following 12 cycles of induction 
treatment, participants alive and progression free will 
undergo a second (double-blind) randomisation on a 1:1 
basis to maintenance treatment with lenalidomide+placebo 
versus lenalidomide+ixazomib until disease progression or 
intolerance.
Ethics and dissemination  Ethical approval has been 
obtained from the North East—Tyne & Wear South Research 
Ethics Committee (19/NE/0125) and capacity and capability 
confirmed by local research and development departments 
for each participating centre prior to opening to recruitment. 
Participants are required to provide written informed consent 

prior to trial registration. Trial results will be disseminated by 
conference presentations and peer-reviewed publications.
Trial registration number  ISRCTN17973108, 
NCT03720041.

Introduction
Multiple myeloma
Multiple myeloma is the second most 
common haematological malignancy with 
over 5500 patients diagnosed in the UK each 
year.1 Myeloma is predominantly a disease of 
older people, with two-thirds of patients aged 
over 70 years at diagnosis. The incidence is 
increasing as the population ages.

Strengths and limitations of this study
⇒	 Frailty-adjusted therapy in Transplant Non-Eligible 

patients with newly diagnosed Multiple Myeloma 
(FiTNEss) will provide the first prospective data 
investigating the use of the International Myeloma 
Working Group frailty score to define appropriate 
dose delivery strategies for older patients.

⇒	 FiTNEss will explore the impact of dual-agent mainte-
nance compared with the single-agent standard of care 
using a gold standard placebo-controlled design.

⇒	 The trial has the potential to meet a high unmet need 
in older patients with myeloma for whom the impact 
of recent therapeutic have been less marked.

⇒	 Wide inclusion criteria have been designed to max-
imise the recruitment of older, more frail patients 
who may not previously have been included in clini-
cal trials.

⇒	 Owing to the nature of assessments and dose adap-
tations, blinding in the induction phase of the trial is 
infeasible.
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Over the last 10 years, the development of protea-
some inhibitors (PI), immunomodulatory drugs (IMiD 
agents) and improved supportive care, have ameliorated 
outcomes for patients with myeloma such that the median 
overall survival (OS) is now more than 6 years for younger, 
fitter patients (figure 1A).2 However, the impact of these 

therapies has been less marked in the older or less fit 
population, particularly those over 75 years of age and/
or ineligible for stem cell transplant (figure 1B). While 
outcomes in younger patients are largely driven by molec-
ular risk factors present in the myeloma cell clone, there is 
no evidence that older patients with myeloma have more 
biologically high-risk disease.3 Differences in outcomes 
are likely to be accounted for by changes in patient phys-
iology and/or increased treatment-related toxicity. Data 
from our previous trial Myeloma XI (ISRCTN49407852) 
show that as age increases, the number of participants 
ceasing treatment due to choice or toxicity increases 
(figure 2). This group therefore has a high unmet need 
for new, less toxic treatments and improved treatment 
delivery approaches.

Existing evidence: induction therapy
Treatment
Lenalidomide is an immunomodulatory agent and thalid-
omide derivative available as an oral preparation, which 
is more potent in vitro and with a different adverse effect 
profile than thalidomide. For example, a major benefit of 
lenalidomide is the absence of associated neurotoxicity or 
sedation seen with thalidomide, making it more tolerable; 
however, there is a significant rate of myelosuppression 
(20%), which is not seen with thalidomide. Lenalidomide 
is licensed, in combination with dexamethasone, for use 
in newly diagnosed patients with multiple myeloma who 
are not eligible for transplant (TNE).

With the caveats of cross-trial comparison, our recent 
analysis of the Myeloma XI trial suggests that the combi-
nation cyclophosphamide, lenalidomide and attenuated 
dexamethasone (CRDa) is not superior to Rd-continuous 
used in the FIRST study (Study to Determine Efficacy 
and Safety of Lenalidomide Plus Low-dose Dexameth-
asone Versus Melphalan, Prednisone, Thalidomide in 
Patients With Previously Untreated Multiple Myeloma, 
NCT00689936) in terms of progression-free survival 
(PFS). In addition, Myeloma XI also showed that patients 
in the non-intensive pathway with only a minimal or partial 
response to induction therapy who were randomised to 
receive cyclophosphamide, bortezomib and dexameth-
asone consolidation had better outcomes than those 
who did not (an increase in median PFS of 11 months 

Figure 1  Overall survival in MRC-IX and NCRI-XI TE 
pathway (A). Overall survival in MRC-IX and NCRI-XI TNE 
pathway (B). MRC-IX, Medical Research Council Myeloma IX 
trial (ISRCTN49407852); NCRI-XI, National Cancer Research 
Institute Myeloma XI Trial (ISRCTN68454111); TE, transplant 
eligible; TNE, transplant non-eligible.

Figure 2  Reasons for ceasing induction treatment in NCRI-XI (n=928). NCRI-XI, National Cancer Research Institute Myeloma 
XI Trial (ISRCTN68454111).
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(HR: 0.73; p=0.061)).4 However, a significant propor-
tion of patients (394/610; 64.6%) did not make it to this 
randomisation due to participant withdrawal (211; 53.6% 
of 394), death (96; 24.4%), progression (45; 11.4%) 
and other reasons (42; 10.7%). These data suggest that 
combining IMiD agents and PI upfront may improve 
outcomes further, avoiding the early loss of patients and 
leading to improved responses, as we have seen with the 
carfilzomib, cyclophosphamide, lenalidomide and dexa-
methasone arm in the transplant-eligible pathway of the 
Myeloma XI study.5 6

Ixazomib (MLN9708) is an orally bioavailable, small mole-
cule inhibitor of the 20S proteasome, and has shown single-
agent activity in phase I/II studies alongside combination 
therapy with dexamethasone and more recently IMiD agents 
and alkylating agents.7–9 The oral formulation provides conve-
nience for patients, and the slower pharmacokinetic profile 
reduces the neurotoxicity seen with bortezomib, suggesting 
the use of this new PI in combination regimens might be 
better tolerated.10 In the front-line setting, the combination 
of ixazomib with lenalidomide and dexamethasone (IRD) 
has been reported in phase I/II studies, demonstrating high 
response rates and good tolerability.11

With a favourable toxicity profile compared with either 
carfilzomib or bortezomib, and the benefits of oral dosing, 
the IRD combination represents a tolerable regimen to 
achieve the same combination of IMiD agents and PI in 
TNE patients. The Tourmaline MM-1 study demonstrated 
excellent efficacy and tolerability of IRD in the relapsed 
setting in TNE patients, supporting this hypothesis.12 The 
Tourmaline MM-02 study, a randomised, double-blind, 
placebo-controlled study evaluating IRd versus placebo 
Rd has recently been reported13 and showed a clinically 
meaningful but non-significant 13.5 month improvement 
in PFS in the IRd group (35.3 vs 21.8 months; HR 0.83; 
p=0.073). This trial used reactive dosing strategies.

Treatment delivery
The International Myeloma Working Group (IMWG) 
proposed a scoring system for patient with myeloma frailty 
that predicts survival, adverse events (AEs) and treatment 
tolerability,14 which can help to account for the consider-
able heterogeneity in outcome for TNE patients. This score 
combines age and the outcomes of three patient assessment 
tools; the Katz Activity of Daily Living,15 Lawton’s Instru-
mental Activity of Daily Living16 and the Charlson Comor-
bidity Index17 18 to categorise patients into three groups: 
fit, unfit and frail. The IMWG frailty score was subsequently 
shown to be predictive of both PFS and toxicity. An increase 
in frailty score was associated with an increased risk of death, 
progression, non-haematological AEs and treatment discon-
tinuation that was independent of classical definitions of 
risk, including ISS stage and cytogenetic risk, and also inde-
pendent of treatment regimen. As such, it was suggested to 
be useful in determining the feasibility of treatment regi-
mens and appropriate dose reductions, but this remains to 
be prospectively validated.

Existing evidence: maintenance therapy
Four published studies have demonstrated an important 
clinical benefit for the use of maintenance lenalido-
mide in newly diagnosed multiple myeloma in patients 
of all ages. Data from our previous study Myeloma XI 
contributes to this evidence base and in TNE patients, 
lenalidomide maintenance demonstrated a significant 
improvement in PFS compared with observation, of 24 
months versus 11 months from maintenance randomis-
ation.19 This improvement was seen across all subgroups 
of patients with multiple myeloma, including all cytoge-
netic risk groups and at all ages. OS data demonstrated 
a benefit for lenalidomide once the effect of subsequent 
therapies have been taken into account.20

Overall, the data for maintenance lenalidomide until 
disease progression in patients not eligible for stem cell 
transplant suggest that there is a clear and significant 
improvement in PFS and a possible OS benefit. The 
crucial question to answer, going forward, is whether the 
results seen with lenalidomide as a single agent for main-
tenance can be enhanced further by the use of a combina-
tion regimen.

The use of ixazomib monotherapy in the maintenance 
setting demonstrated efficacy and tolerability in previ-
ously untreated patients21 and this has recently been 
confirmed in the phase III Tourmaline-MM4 trial in 
the non-transplant-eligible setting.22 Adding ixazomib 
to lenalidomide maintenance has not been studied in a 
randomised phase III study.

Existing evidence: summary
The recently developed, less toxic PI ixazomib11 with 
novel IMiD agents/PI combinations for induction and 
maintenance treatment needs to be evaluated in the 
context of the IMWG frailty score where frailty-adjusted 
dosing was recommended,14 but emphasised the need for 
prospective validation of their approach.

Aims and objectives
The Frailty-adjusted therapy in Transplant Non-Eligible 
patients with newly diagnosed Multiple Myeloma (FiTNEss) 
trial aims to improve outcomes for TNE patients by investi-
gating whether using prospective dose adjustments depen-
dent on patient frailty will improve patients’ ability to remain 
on therapy, reduce toxicity, and improve outcomes from 
randomisation 1 (R1). The trial also aims, from randomis-
ation 2 (R2), to investigate whether doublet maintenance 
therapy improve outcomes compared with single-agent lena-
lidomide without prohibitive toxicity.

Trial design
The FiTNEss trial is a phase III, multicentre, randomised, 
parallel group trial in newly diagnosed patients with MM, 
who are assessed to be TNE by their treating clinician. 
Following R2, the trial is also double-blind placebo-
controlled with the participant and treating clinician 
blind to treatment allocation. The following report details 
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the trial protocol and follows the structure of the SPIRIT 
statement.23 The SPIRIT checklist24 can be found within 
the online supplemental material.

Methods
Setting
The trial will be conducted at 87 centres around the UK 
(see online supplemental material), as identified via a 
feasibility assessment to determine the most appropriate 
to participate in the trial. The majority of potential 
participants will be identified by the research team at 
the time they are referred to the haematology outpa-
tient department with suspected multiple myeloma. A 
smaller number of participants may be identified during 
inpatient admissions. Invitation to participate in the 
trial and provision of information will be made either 

Box 1  Continued

2.	 Received previous treatment for MM, with the exception of local 
radiotherapy to relieve bone pain or spinal cord compression, prior 
bisphosphonate treatment, or corticosteroids as long as the total 
dose does not exceed the equivalent of 160 mg dexamethasone.

3.	 Known resistance, intolerance or sensitivity to any component of 
the planned therapies.

4.	 Prior or concurrent invasive malignancies except the following:
–– Adequately treated basal cell or squamous cell skin cancer.
–– Incidental finding of low grade (Gleason 3+3 or less) prostate 

cancer requiring no intervention.
–– Adequately treated carcinoma in situ of the breast or cervix no 

longer requiring medical or surgical intervention.
–– Any cancer from which the subject has been disease free for at 

least 3 years.
5.	 Pregnant, lactating or breastfeeding female participants.
6.	 Major surgery within 14 days before randomisation. This would in-

clude surgical intervention for relief of cord compression but does 
not include vertebroplasty or kyphoplasty.

7.	 Systemic treatment, within 14 days before the first dose of ixa-
zomib with strong CYP3A inducers (eg, rifampicin, rifabutin, car-
bamazepine, phenytoin, phenobarbital), or use of St. John’s wort.

8.	 Any concomitant drug therapy which, in the opinion of the inves-
tigator, may lead to an unacceptable interaction with any of the 
agents ixazomib, lenalidomide, dexamethasone, and that cannot 
be safely stopped prior to trial entry. Full details of interactions can 
be found in the Summary of Product Characteristics.

9.	 Known gastrointestinal (GI) disease or GI procedure that could 
interfere with the oral absorption or tolerance of trial treatment, 
including difficulty swallowing.

10.	 ≥Grade 2 peripheral neuropathy.
11.	 Known HIV positive.
12.	 Participant has current or prior hepatitis B surface antigen positive 

or hepatitis C antibody positive. Participants must have screening 
conducted within 14 days before R1.

13.	 Active systemic infection.
14.	 Any other medical or psychiatric condition which, in the opinion 

of the investigator, contraindicates the participant’s participation 
in this study.

15.	 Receipt of live vaccination within 30 days prior to R1.

Box 1 R andomisation 1: inclusion and exclusion criteria

Inclusion criteria:
1.	 Newly diagnosed as having MM according to the updated 

International Myeloma Working Group diagnostic criteria 2014 re-
quiring treatment.

2.	 Not eligible for stem cell transplant.
3.	 Aged at least 18 years.
4.	 Meet all of the following blood criteria within 14 days before R1:
Haematological:
a.	 Absolute neutrophil count (ANC)≥1×109/L. Unless the participant 

has a known/suspected diagnosis of familial or racial neutropenia 
in which case an ANC≥0.75×109/L is allowed. The use of growth 
factor support is permitted.

b.	 Platelet count≥50×109/L, or, in the case of heavy bone marrow 
infiltration (≥50%) which in the opinion of the investigator is the 
cause of the thrombocytopenia and provided appropriate sup-
portive measures and patient monitoring are in place, platelet 
count≥30×109/L is permitted. Please note: Platelet transfusions 
are not allowed ≤3 days prior to randomisation in order to meet 
these values.

c.	 Haemoglobin≥80 g/L. The use of red blood cell transfusions is 
permitted.

Biochemical:
d.	 Total bilirubin≤3× upper limit of normal (ULN).
e.	 Alanine aminotransferase and/or aspartate aminotransferase ≥ 3 x 

ULN.
5.	 Meet the pregnancy prevention requirements:
Female participants who:
a.	 Are not of childbearing potential, OR
b.	 If they are of childbearing potential, agree to practice two ef-

fective methods of contraception, at the same time, from the 
time of signing the informed consent form until 90 days after 
the last dose of study drug, OR

c.	 Agree to practice true abstinence when this is in line with 
the preferred and usual lifestyle of the subject. (Periodic ab-
stinence (eg, calendar, ovulation, symptothermal, postovula-
tion methods) and withdrawal are not acceptable methods of 
contraception).

Male participants, even if surgically sterilised (ie, status 
post vasectomy), must agree to one of the following:
a.	 Agree to practice effective barrier contraception during the entire 

study treatment period and through 90 days after the last dose of 
study drug, OR

b.	 Agree to practice true abstinence when this is in line with the pre-
ferred and usual lifestyle of the subject. (Periodic abstinence (eg, 
calendar, ovulation, symptothermal, postovulation methods) and 
withdrawal are not acceptable methods of contraception).

Contraception for female and male participants must be in accor-
dance with (and participants must consent to) the Celgene-approved 
Pregnancy Prevention Programme.
If female and of childbearing potential, they must have a negative preg-
nancy test performed by a healthcare professional in accordance with 
the Celgene Pregnancy Prevention Programme.
6.	 Able to provide written informed consent.

Exclusion criteria:
1.	 Smouldering MM, monoclonal gammopathy of unknown signifi-

cance (MGUS), solitary plasmacytoma of bone or extramedullary 
plasmacytoma (without evidence of MM).

Continued
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during their first consultation, when routine diagnostic 
tests will be performed and potential treatment options 
discussed, or at the time they receive their diagnostic 
test results.

Eligibility criteria
Adults (18 years and older) with newly diagnosed MM, by 
IMWG 2014 diagnostic criteria,25 who are TNE and who 
are capable of giving written informed consent will be 
assessed for eligibility. Eligibility will be confirmed prior 
to each randomisation by the principal investigator or 
authorised delegate and will be recorded in the partici-
pant’s medical records and on the relevant case report 
form (CRF). The participant will be registered into the 
trial prior to undergoing procedures that are specifi-
cally for the purposes of the trial and are above National 
Health Service standard of care.

To be eligible for R1, participants must meet all the inclu-
sion criteria and none of the exclusion criteria outlined 
in box 1. Following 12 cycles of induction therapy, partic-
ipants who achieve at least a minimal response (MR), 
according to IMWG uniform response criteria, and fulfil 
all the inclusion criteria and none of the exclusion criteria 
outlined in box 2, will proceed to R2.

Interventions and dosing
Intervention schedule
The control and experimental interventions for induc-
tion (R1) and maintenance (R2) therapy include: lena-
lidomide, ixazomib, placebo and dexamethasone. At 
R1, eligible patients will be allocated to one of two inter-
ventions with IRD induction; standard up-front dosing 
followed by toxicity dependent dose modification (reac-
tive), or; frailty score-adjusted up-front dose reductions 
(adaptive). At R2, eligible patients will be randomised 
between lenalidomide+ixazomib (R+I) or lenalidomide 
and placebo maintenance therapy. Table 1 summarises the 
dosing schedules for R1 and R2. Information regarding 
dosing due to liver and renal function is provided in 
online supplemental material.

As part of their induction therapy, participants in the 
adaptive arm of R1 will have their dose adjusted according 
to changes in frailty category at the start of cycles 3, 5 
and 7 (For the Myeloma Frailty index, participant’s age 
is at the time of (Main) Trial registration, therefore, a 
patient’s frailty will never change based on age only). 
Doses can also be escalated for suboptimal responders 
under certain criteria. If after cycle 2, a participant on 
the unfit or frail dosing strategy has not achieved at least 
an MR, or required a dose reduction due to toxicity, a 
request can be made to increase any of their doses to the 
next highest level at the start of cycle 4. A similar request 
can be made after cycle 4 for the start of cycle 6, but this 
requires at least a partial response. These criteria apply 
for all participants, irrespective of changes in frailty at 
cycles 3 and 5.

Box 2 R andomisation 2: inclusion and exclusion criteria

R2 inclusion criteria:
1.	 Randomised into the Frailty-adjusted therapy in Transplant Non-

Eligible patients with newly diagnosed Multiple Myeloma (Myeloma 
XIV) trial and received induction chemotherapy with ixazomib and 
lenalidomide continued for 12 cycles.

2.	 Achieved at least minimal response at the end of lenalidomide and 
dexamethasone induction according to the International Myeloma 
Working Group (IMWG) Uniform Response Criteria for Multiple 
Myeloma, with no evidence of progression prior to R2.

3.	 Meet all of the following blood criteria within 14 days before R2:
Haematological:
a.	 Absolute neutrophil count (ANC)≥1×109/L. Unless the participant 

has a known/suspected diagnosis of familial or racial neutropenia in 
which case an ANC≥0.75×109/L is allowed. The use of growth factor 
support is permitted.

b.	 Platelet count≥50×109/L. Please note: Platelet transfusions are 
not allowed ≤3 days prior to randomisation in order to meet these 
values.

c.	 Haemoglobin≥80 g/L. The use of red blood cell transfusions is 
permitted.

Biochemical:
d.	 Total bilirubin≤3× upper limit of normal (ULN).
e.	 Alanine aminotransferase and/or aspartate aminotransferase ≥ 3 x 

ULN.

R2 exclusion criteria:
1.	 Received any antimyeloma therapy other than their randomised 

trial treatment, with the exception of local radiotherapy to relieve 
bone pain (in the absence of disease progression), or bisphospho-
nate treatment.

2.	 SD or disease progression according to the IMWG Uniform 
Response Criteria for Multiple Myeloma.

3.	 Known resistance, intolerance or sensitivity to ixazomib or lena-
lidomide that required cessation of either agent during induction.

4.	 Developed any malignancy since R1 except the following:
–– Adequately treated basal cell or squamous cell skin cancer.
–– Incidental finding of low grade (Gleason 3+3 or less) prostate 

cancer requiring no intervention.
–– Adequately treated carcinoma in situ of the breast or cervix no 

longer requiring medical or surgical intervention.
5.	 Pregnant, lactating or breastfeeding female participants.
6.	 Major surgery within 14 days before randomisation. This does not 

include vertebroplasty or kyphoplasty.
7.	 Systemic treatment, within 14 days before the first dose of ixa-

zomib with strong CYP3A inducers (eg, rifampicin, rifabutin, car-
bamazepine, phenytoin, phenobarbital), or use of St. John’s wort.

8.	 Known gastrointestinal (GI) disease or GI procedure that could 
interfere with the oral absorption or tolerance of trial treatment, 
including difficulty swallowing.

9.	 ≥Grade 2 peripheral neuropathy, or grade 1 with pain.
10.	 Known HIV positive.
11.	 Current or known hepatitis B surface antigen positive or hepatitis 

C antibody positive.
12.	 Active systemic infection.
13.	 Any other medical or psychiatric condition which, in the opinion of 

the investigator, contraindicates the participant’s continued partic-
ipation in this study.

14.	 Receipt of live vaccination within 30 days prior to R1 or receipt of 
live vaccination at any point during the trial prior to R2.
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Intervention adherence
Throughout the trial, lenalidomide and ixazomib will be 
taken orally and swallowed whole at the same time on the 
scheduled days. Dexamethasone will be administrated 
in accordance with the relevant Summary of Product 
Characteristics (SPCs). To monitor treatment adherence, 
participants will complete a daily medication diary, which 
will be reviewed at trial visits. Unused capsules will be 
returned to pharmacy.

Dose modification and discontinuation
Both R1 and R2 treatment cycles will be 28 days in 
length. Response will be assessed at the end of each 
cycle according to the IMWG 2016 Uniform Response 
Criteria.26 27 In the absence of progression or treatment 
intolerance, participants will receive a maximum of 12 
cycles of induction therapy and continuous maintenance 
therapy. Those who receive 12 cycles of induction therapy 
will be assessed for R2 eligibility, with non-eligible partici-
pants being treated off trial.

Toxicity and hence treatment intolerance will be 
assessed throughout each treatment cycle, according 
to the National Cancer Institute (NCI) common termi-
nology criteria for AE (CTCAE) V.5.

For a new cycle of treatment to begin (induction and 
maintenance), the participant must meet the haemato-
logical and biochemical criteria (at day 1 or ≤3 days prior) 
outlined in the eligibility criteria (R1: box 1, R2: box 2). 
Non-haematological toxicities (except for alopecia) must 
have resolved to less than or equal to grade 1 or to the 
participants’ baseline condition in order for treatment to 
resume. If the participant does not meet these criteria, 
their dose will be delayed for 1 week before they are 
reassessed. This will continue for a maximum of 3 weeks 
before treatment discontinuation or 8 weeks at the discre-
tion of the chief investigator.

In the event that a dose is reduced due to toxicity, as 
per the lenalidomide SPC the dose may be reintroduced 
to the next higher dose level on improvement. Ixazomib, 
once reduced cannot be re-escalated.

Concomitant medication
Concomitant medication, disease and other malignancies 
will be recorded at eligibility.

All participants may receive additional care during the 
treatment period as deemed appropriate by the treating 
clinician. Local support care protocols, including anti-
emetic schedules, tumour lysis syndrome prevention, 
venous thromboembolism prophylaxis and prophylactic 
antimicrobial therapy, will be followed for both randomis-
ations. Permitted and excluded concomitant medications 
and procedures can be found in the online supplemental 
material.

Outcomes
Primary outcome
For R1, the primary outcome is early treatment cessation 
(defined as a binary endpoint) for reactive versus adap-
tive dosing in participants defined to be ‘unfit’ or ‘frail’ at 
baseline. Participants will be defined to have experienced 
an event if they die, progress, or are withdrawn from treat-
ment (by the treating clinician) or withdraw consent for 
treatment, within 60 days of R1.

For R2, the primary outcome is PFS for R+placebo 
versus R+I, and is defined as the time from R2 to the time 
of first documented disease progression or death from 
any cause. Individuals lost to follow-up or progression 
free at time of analysis will be censored at their last known 
alive and progression-free date.

Secondary outcomes
The secondary outcomes of this trial are to assess PFS for 
reactive versus adaptive dosing, time to progression, time 

Table 1  Dosing schedule

Randomisation 1

Treatment Induction—FIT+induction—standard dosing Induction—unfit Induction—frail

Lenalidomide (days=1–21) 25 mg 15 mg 10 mg

Ixazomib (days=1, 8, 15)* 4 mg 4 mg 4 mg

Dexamethasone †(days=1, 8, 15, 22) 40 mg in participants≤75 years
20 mg in participants>75 years

20 mg 10 mg

Randomisation 2

Treatment Lenalidomide+placebo maintenance Lenalidomide+ixazomib maintenance

Lenalidomide (days=1–21) 10 mg† 10 mg†

Ixazomib (days=1, 8, 15)* N/A 4 mg†

Placebo (days=1, 8, 15) 4 mg† N/A

*Ixazomib was not used in general multiple myeloma practice at the time of the European Myeloma Network publication. The following 
licensed dose of Ixazomib will be used for both randomisation arms: 4 mg, at days 1, 8 and 15. This has been studied in patients who 
are not eligible for transplant and was well tolerated. There have been no studies examining lower doses of Ixazomib so dose reductions 
are not permitted out of concern for loss of efficacy. The same dose is used irrespective of frailty.
†Or final dose administrated at the end of induction treatment if lower.
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to 2nd PFS event, OS, survival after progression, deaths 
within 12 months of R1, overall response rate, attainment 
of ≥ very good partial response (VGPR), attainment of 
minimal residual disease (MRD) negativity (flow MRD will 
be assessed only. Additional detail on the testing of MRD 
and timepoints is presented in the ‘central lab analysis’ 
section of the online supplemental material), duration of 
response, time to improved response, time to next treat-
ment, treatment compliance and total amount of therapy 
delivered, toxicity and safety including the incidence of 
second primary malignancies, quality of life (QoL), cost-
effectiveness of reactive versus adaptive dosing of IRD 
and cost-effectiveness of R+I versus R.

Exploratory outcomes
Exploratory outcomes are to prospectively validate the 
UK Myeloma Research Alliance (UK-MRA) Myeloma Risk 

Profile, to assess the usefulness of the Karnofsky perfor-
mance status, and consider the association of molecular 
subgroups with response, PFS and OS.

Participants timelines
The full trial schema can be seen in figure 3. The schedule 
of assessments at each timepoint is presented in figure 4.

Trial entry
Participants will enter the trial at one of two points in 
their patient pathway, this will either at bone marrow 
registration or main trial registration.

Trial consent
Participants who enter the trial at bone marrow regis-
tration will provide consent to having bone marrow and 
blood samples taken and sent to central laboratories for 

Figure 3  Flow diagram of Myeloma XIV (Frailty-adjusted therapy in Transplant Non-Eligible patients with newly diagnosed 
Multiple Myeloma) Trial. ADL, activity of daily living; HE, health economics; IADL, instrumental activity of daily living; 
IMWG, International Myeloma Working Group; IRD, ixazomib, lenalidomide and dexamethasone; QoL, quality of life; R+I, 
lenalidomide+ixazomib.
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analysis. If the participant is diagnosed with a plasma cell 
dyscrasia, other than myeloma, or they have myeloma, 
but decide not to take part in the FiTNEss trial, they will 
also have the option of consenting to their samples being 
used in future research.

All participants will provide written informed consent 
for the trial prior to trial registration. Optional consent 
for QoL resources and the use of samples for future 
research will also be obtained.

Trial registration
Following trial consent, participants will be registered 
onto the main trial and assessed for eligibility. Consenting 
patients will complete the baseline QoL and healthcare 
resource use questionnaires. Trial samples for blood and 
urine will be taken for all participants, and bone marrow 
samples will be taken for those who did not enter the trial 
through bone marrow registration.

Trial treatment
Following trial registration, participants will be 
randomised into R1 and treated as described in the 
intervention schedule on a monthly basis. In absence of 
disease progression or intolerance, those participants with 
at least an MR following 12 cycles of maintenance and 
whom meet all of the R2 eligibility criteria will proceed to 
R2 maintenance treatment.

Participants will be followed up monthly (at each cycle) 
while receiving maintenance treatment, until death or 
until the final analysis of the trial (whichever happens 
sooner).

Trial follow-up
Participants who discontinue treatment during induc-
tion and before the point of R2 will be followed up to 
the point of assessment for eligibility for R2, unless they 
withdraw consent for this. Thereafter, participants will 
continue to be followed-up for data pertaining to safety, 
progression (including second progression), and survival. 
Frailty scores will be completed for all participants at 2, 4, 
6 and 12 months post R1, irrespective of whether they 
have discontinued treatment. Similarly, QoL and health-
care resources use questionnaires (if the participant has 
consented to these) will continue to be completed at 2, 6 
and 12 months post R1.

If treatment has been stopped without progression 
following R2, for example, due to toxicity, then partici-
pants will be followed up 2 monthly until disease progres-
sion. Follow-up will include local investigations, central 
investigations, frailty index at 6 and 12 months post R2 
and QoL and healthcare resource use at 6 and 12 months 
post R2 (if consented).

Sample size
In total, 740 participants will be enrolled into the trial at 
R1 to ensure that at least 478 participants remain on trial 
and are randomised to R2. It is assumed that 65% of those 
randomised at R1 will be progression free and, therefore, Fi
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eligible for R2, hence 740 participants are required to be 
enrolled.

Based on data from the Myeloma XI non-intensive 
pathway, we hypothesise the frail and unfit patients in 
R1 will be similar to the older patients in Myeloma XI 
(>75 years) who have an early treatment cessation rate 
(within 60 days of R1) of 20%. This hypothesis is based on 
the expectation that the frailty score is heavily driven by 
patient age. Younger patients (≤75 years) in the Myeloma 
XI non-intensive pathway have an early treatment cessa-
tion rate of 9%, and it is our hypothesis that our frailty-
based dosing schedule has the potential to reduce the 
rate among the unfit and frail patients to the proportion 
observed in fit patients.28 29

To demonstrate a decrease of 11% in the proportion of 
early treatment cessation from 20% in the standard dosing 
schedule arm to 9% in the frailty score-adjusted dose arm 
among those patients scored at baseline to be unfit or 
frail would require the recruitment of 324 patients with 
an allocation ratio of 1:1. These calculations are based on 
a Pearson’s χ2 test without continuity correction, assume 
a two-sided 5% level of significance, 80% power, and 
allow for a 1% dropout prior to 60 days post randomis-
ation. Given that we anticipate that 45% of patients will 
be scored as unfit or frail, by assuming this trial will have 
a similar underlying population as in Myeloma XI non-
intensive pathway and the age distributions in the IMWG 
report proposing the frailty score,14 we would anticipate 
that we will require 720 patients to enter the trial at R1 to 
have sufficient unfit and frail patients available to answer 
this question.

For R2, in the non-intensive pathway of Myeloma XI, 
the median PFS for patients on R following CRDa induc-
tion was approximately 33 months,19 where approximately 
65% of individuals were progression-free 12 months 
post randomisation. As R2 is approximately 12 months 
following R1 in FiTNEss, we assume that the median 
PFS for patients receiving R maintenance therapy will be 
21 months from R2. Tourmaline-MM112 demonstrated 
an HR for PFS of 0.74 when comparing IRD and RD in 
patients with relapsed and refractory multiple myeloma. 
Thus a similar HR would be the minimum clinically rele-
vant difference for our comparison in patients with newly 
diagnosed multiple myeloma. Assuming a median PFS 
of 29 months for those in the R+I maintenance group in 
addition to the assumption of 21 months in the R group 
equates to an HR of 0.72.

The above assumptions require the recruitment of 
478 participants over a 30 month recruitment period 
with a further 24 months of follow-up. These calcu-
lations also assume a two-sided 5% significance level, 
80% power and allow for a 3% dropout rate prior to 
a PFS event being experienced. Note that 80% power 
is attained when 302 events have been observed. A 
total of 740 participants should be allocated to R1 to 
ensure that 478 participants are available at the second 
randomisation.

OS is considered to be a key secondary endpoint for 
R2, 180 events with a minimum of 2-year follow-up for all 
participants are required for 80% power.

Recruitment
It is planned that 740 participants will be recruited over a 
30-month recruitment period from 87 UK centres. Once 
all centres are open, the recruitment target is 30 partic-
ipants a month. The trial opened to recruitment on 4 
August 2020. As of May 2021, 85 sites are open to recruit-
ment and 137 participants have been randomised to the 
first stage of the trial.

In order to ensure the trial will meet the target sample 
size within the recruitment period, site set-up was priori-
tised while the trial was preparing to open to recruitment. 
In addition, the trial team are actively engaging with 
principal investigators at sites who support the trial to 
ensure that those sites open quickly and are maintaining 
regular communication with open sites to ensure that 
they continue to recruit to the trial. Finally, while the trial 
was originally delayed due to the COVID-19 pandemic, 
efforts were made to ensure that it opened as soon as 
possible when research restarted. One factor being the 
positive risk to benefit ratio of the number of hospital 
visits required for the trial interventions as compared 
with standard of care.

Assignment of treatment allocations
Each of the registration and randomisation procedures 
will be conducted centrally using the Leeds Clinical Trial 
Research Unit (CTRU) automated 24-hour web-based 
and telephone system.

Registrations
If a patient is suspected to have myeloma, they will enter 
the trial at the time of routine diagnostic tests, through 
bone marrow registration. Once diagnosis is confirmed 
locally and the research team consider the patient poten-
tially eligible for the trial, patients will be provided with 
full verbal explanation of the trial and the full participant 
information sheet and informed consent documents to 
consider. Once the participant has provided informed 
consent, they will be registered onto the trial.

Other participants who have myeloma confirmed prior 
to entering trial will enter at trial registration.

Randomisations
Following trial registration, patients will be assessed for 
R1 eligibility. Eligible participants will be randomised on 
a 1:1 basis into R1, using the stratification factors; centre, 
IMWG frailty category, beta-2 microglobulin concen-
tration (<3.5, 3.5 to <5.5, ‍≥‍5.5 mg/L), Haemaglobulin 
concentration (<100, ≥100 g/L, serum crestinine concen-
tration (<175, ‍≥‍175 µmol/L), corrected serum calcium 
concentration (<2.75, ‍≥‍2.75 mmol/L) and platelets 
(<150, ‍≥‍150×109/L).

Following R1, and as soon as the end of induction 
response is known, R2 eligible participants will be 
randomised on a 1:1 basis into R2, using the stratification 
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factors; centre, allocated induction arm (reactive, adap-
tive); final response to induction treatment (<VGPR, ‍≥‍ 
VGPR).

For both R1 and R2, a computer generated minimiza-
tion programme that incorporates a random element will 
be used to ensure treatment groups are well balanced for 
the specified stratification factors.

Blinding methods
For R2 treatment, allocation will be concealed from 
participants, treatment provider and the trial team. The 
placebo and ixazomib capsules will be identical in colour, 
size, packaging and labelling.

To maintain the overall integrity of the trial design, 
unblinding will only be permitted in exceptional circum-
stances; for example, valid medical or safety reasons where 
assuming that the patient is receiving active treatment 
and/or stopping the blinded medication is insufficient.

Unblinding will be conducted automatically using an 
online system accessed by an authorised member of the 
site research team.

If unblinding is performed at any stage during the 
trial, decisions around further trial treatment will be the 
responsibility of the principal investigator or delegate. In 
either case, unblinded participants will be followed up as 
per the protocol.

At the completion of the trial and after final analysis, 
participants will be given the opportunity to be informed 
of their allocation by their research site.

Data collection
Clinical data will be collected both electronically and 
on paper by staff at the research site completing CRFs 
provided by CTRU. QoL and Healthcare Resource Use 
questionnaires will be completed on paper CRFs by the 
participant. All paper CRFs will be sent to CTRU, by the 
research site, usually via standard post and entered onto 
an electronic database. These data along with the data 
entered electronically by staff at each research sites will 
be validated and monitored for completeness and quality 
by the CTRU.

Missing data will be chased until it is received, confirmed 
as not available or the trial is at analysis. Missing QoL 
data items will not be chased from participants, although 
missing questionnaires may be chased from sites.

Data management
Validation checks will be incorporated into the trial data-
base to verify the data, and discrepancy reports will be 
generated for resolution by the trial site. Priority valida-
tions will be incorporated to ensure that any discrepancies 
related to participant rights, or the safety of partici-
pants, are expedited to sites for resolution. The CTRU/
Sponsor will reserve the right to intermittently conduct 
source data verification exercises on a sample of partici-
pants, which will be carried out by staff from the CTRU/
Sponsor. Source data verification will involve direct access 
to participant notes at the participating hospital sites and 

the ongoing central collection of copies of consent forms 
and other relevant investigation reports.

Statistical methods
Statistical analysis is the responsibility of the CTRU 
statisticians, with the exception of the analysis for cost-
effectiveness of delivery of IRD and R/R+I, which will be 
undertaken by Health Economists at the University of 
Leeds. A full statistical analysis plan and health economics 
analysis plan (HEAP) will be written and approved before 
any analysis is undertaken.

All analyses will be conducted on the intention-to-treat 
population, where participants will be included according 
to their randomisation allocation regardless of eligibility, 
whether they prematurely discontinued treatment, or 
did not comply with the regimen. A per-protocol anal-
ysis, where participants will be included if they received 
their allocated intervention according to the protocol, 
will be considered for the primary endpoints if there 
are a considerable number of major protocol violators. 
The safety population will consist of all participants who 
received at least one dose of the trial treatment and partic-
ipants will be summarised as per their treatment received 
rather than their allocation.

An overall two-sided 5% significance level will be used 
for all efficacy endpoint comparisons. For the primary 
endpoints, this will be adjusted to account for the formal 
interim analyses.

Primary endpoint analysis
Randomisation 1
For R1, the number and proportion of participants, cate-
gorised as unfit or frail at baseline, experiencing an early 
treatment cessation event will be summarised by rando-
misation allocation and exact 95% CIs will be calculated.

A logistic regression model will regress early treatment 
cessation on randomisation allocation (reactive/adaptive 
dosing) adjusting for the stratification factors of the trial. 
A statistically significant induction treatment effect will be 
suggested if the p value for the resulting OR is <0.047. 
Parameter estimates, ORs and corresponding 95% CIs, 
df, test statistics and p values will be presented for each 
variable in the model. Residuals and predicted values 
produced from the models will be examined to assess the 
assumptions of the statistical models.

Randomisation 2
For R2, PFS between the two maintenance therapies 
(R+placebo/R+I) will be compared using a Cox regres-
sion model adjusting for the stratification factors of the 
trial. A statistically significant maintenance treatment 
effect will be suggested if the p value for the HR corre-
sponding to randomisation allocation is <0.047. Param-
eter estimates, HRs and corresponding 95% CIs, df, test 
statistics and p values will be presented for each variable 
in the model.

The proportional hazards assumptions will be assessed 
by plotting the hazards over time (ie, the log cumulative 
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hazard plot) for each treatment arm and using appro-
priate statistical tests. If evidence is found to support 
the violation of the proportional hazards assumption, 
then alternative appropriate analysis methods will be 
investigated.

No imputation strategy is planned for the primary 
endpoints.

Secondary endpoint analysis
Secondary endpoint analysis of OS and other time-to-
event endpoints will be analysed using similar methods to 
those described for PFS.

MRD negativity and other binary endpoints will be 
analysed using similar methods to those described for the 
early treatment cessation primary endpoint. The number 
and proportion of participants in each response category 
(stringent complete response (sCR), complete response 
(CR), VGPR, etc) will be summarised by allocated treat-
ment and exact 95% CIs will be calculated. The differ-
ence in proportions for each response category will be 
presented with corresponding 95% CIs.

The domains of the QoL questionnaires will be 
summarised using mean scores adjusted for baseline and 
95% CIs at each assessment timepoint. Similar summaries 
will be produced for quality-adjusted life years (QALYs) 
derived using the EQ-5D-3L (Euroqol 5 dimensions) 
questionnaire.

Exploratory and subgroup analyses
An overview of the planned exploratory and subgroup 
analysis can be found in the online supplemental material. 
These include genetic and molecular analysis of patient 
samples conducted by the respective central laboratories.

Health economics
A full HEAP will be written and approved before any anal-
ysis is undertaken.

Economic evaluations will be conducted at R1 and R2, 
using within-trial and decision-model-based analyses. 
The analysis will be guided by the The National Institute 
for Health and Care Excellence (NICE) reference case, 
applying the cost-utility framework from the perspective 
of the health and social care provider over a life-time 
horizon. Base case QALYs will be based on EQ-5D-3L 
responses, and costs on patient completed resource use 
forms and hospital records. Results will be presented 
in terms of incremental cost-effectiveness ratios, cost-
effectiveness acceptability frontiers and net benefit.

Trial oversight
The trial management group (TMG) comprises of the 
chief and co-chief investigators, CTRU team and coin-
vestigators and are responsible for the clinical set-up, 
ongoing management, promotion of the trial and for the 
interpretation of the results. The trial steering committee 
(TSC), consisting of independent clinicians and statis-
ticians, along with a patient representative, will provide 
overall supervision on the trial, including trial progress, 

adherence to protocol, participant safety and consider-
ation of new information.

Data monitoring
An independent data monitoring and ethics committee 
(DMEC) will review the safety and ethics of the trial by 
reviewing unblinded interim data prepared by the CTRU 
in strict confidence at approximately yearly intervals. 
Unblinded safety updates are also prepared at 6 monthly 
intervals. After each annual review of safety data, the 
DMEC will make their recommendations to the TSC 
about the continuation of the trial who will make their 
recommendations known to the TMG.

Interim analyses
Two formal interim analyses will be undertaken for early 
efficacy, one for each of the randomisations. The first will 
occur when 50% of required participants (370 partici-
pants) have reached 60 days post R1. The second will occur 
when 50% of required PFS events have been observed 
(151 events) following R2. In order to maintain an overall 
two-sided 5% significance level for the primary endpoint 
analysis, the O’Brien and Fleming alpha spending func-
tion30 will be used. This results in a 0.05% significance 
level for the interim analysis. The analysis itself will reflect 
that detailed in the statistical analysis section. For the 
second interim analysis, only the DMEC, safety statistician 
and supervising statistician will see the unblinded results, 
as is standard procedure for double-blind trials.

No other formal analysis of the trial is planned before 
the participants have attained the primary endpoints.

The DMEC, in the light of the interim data, and any 
advice or evidence they wish to request, will advise the 
TSC if there is proof beyond reasonable doubt that one 
treatment is better and recommend appropriate changes 
to the trial protocol.

Harms
Adverse events
AEs are any untoward medical occurrence in a patient 
or clinical trial subject administrated a medicinal product 
and which does not necessarily have a causal relationship 
with this treatment. AEs can be defined as any unfavour-
able and unintended sign (including an abnormal labo-
ratory finding, for example), symptom or disease. Due to 
the nature of myeloma and its treatment, participants are 
likely to experience several AEs throughout the course of 
the disease.

All AEs, both related and unrelated to myeloma treat-
ment, will be collected on the relevant CRF from R1 until 
60 days after the last dose of protocol treatment and will 
be evaluated and summarised in accordance with the 
NCI–CTCAE V.5.

Serious AEs
Serious AEs (SAEs) are defined as any untoward medical 
occurrences or effects that at any dose result in death; 
or are life-threatening (at the time of event); or require 
in patient hospitalisation or prolongation of existing 
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hospitalisation; or result in persistent or significant 
disability of incapacity; or result in a congenital abnor-
mality or birth defect; or jeopardise the participant or 
may require an intervention to prevent one of the above 
outcomes/consequences (other important medical 
event). SAEs will be reported from R1 until 60 days post 
the last dose of trial drug.

Serious adverse reactions (SARs) are SAEs that are 
deemed to be possibly related to any dose administrated 
of any trial treatment. Suspected unexpected serious 
adverse reactions (SUSARs) are SARs, of which the 
nature and severity is not consistent with the applicable 
reference safety information. SUSARs and SARs will be 
reported from the date of the first trial drug for the dura-
tion of the trial.

Presenting safety data
Safety analyses will summarise all SUSARs, SARs, SAEs, 
ARs, AEs and treatment-related mortality rates. Safety 
data will be presented by treatment group for the safety 
population in addition to suspected relationship to trial 
treatment.

Secondary primary malignancies
All new secondary primary malignancies or suspected 
malignancies will be recorded from R1 for the duration 
of the trial and will be summarised and reviewed by an 
appointed member of the TMG, who will determine 
whether trial treatment should continue.

Pregnancies
The Celgene approved pregnancy programme will be 
followed as per usual clinical practice. Pregnancies in 
participants on trial treatment will be prevented as effec-
tively as possible. Pregnancies and suspected pregnancies 
in a female or male participant’s partner occurring at any 
time until 90 days post cessation of trial treatment will be 
reported.

Auditing
The CTRU and the trial Sponsor have procedures in 
place to ensure that serious breaches of GCP or the trial 
protocol are identified and reported. A triggered moni-
toring plan will ensure that sites at risk are monitored 
accordingly.

Patient and public involvement
FiTNEss has been developed following extensive discus-
sion within the UK myeloma community, including with 
the NCRI Myeloma Subgroup (UK-MRA) and the NCRI 
Haematological Oncology Group. Both groups include 
patient and public representatives who work with clin-
ical members of the group. To develop studies which 
address key questions for induction and maintenance. 
The protocol was reviewed in depth by a patient repre-
sentative in order to ensure that the interventions and 
proposed schedule of assessments would be acceptable 
to patients. In addition, the trial consent and partici-
pant information document was reviewed for clarity by 

the same patient representative. Furthermore, to ensure 
that the patient perspective is considered throughout the 
trial, a patient representative sits on the TSC.

Ethics and dissemination
Ethics approval statement
Ethical approval has been obtained from the North 
East—Tyne & Wear South Research Ethics Committee 
(reference 19/NE/0125). In addition, approval was 
granted by the appropriate local research and develop-
ment department for each participating centre prior to 
opening to recruitment. Participants will be required to 
provide written informed consent before joining the trial.

Protocol amendments
The trial opened to recruitment on 4 August 2020 using 
protocol V.2, dated 10 October 2019. An amendment 
to protocol V.3 is anticipated in June 2021, which will 
include the addition of the secondary endpoint event-
free survival, clarification on the requirements around 
when face-to-face assessments should be conducted, and 
adding in the recommendation of 5 mg once daily of 
lenalidomide for participants with severe renal impair-
ment, as opposed to 15 mg every other day.

Consent
The principal investigator retains overall responsibility 
for the informed consent of participants at their site 
and must ensure that any medically qualified person 
delegated responsibility to participate in the informed 
consent process is duly authorised, trained and compe-
tent to participate according to ethical approved protocol, 
principles of Good Clinical Practice and Declaration of 
Helsinki. Written consent will be obtained and signed by 
a medically qualified member of the site research team. A 
record of the consent process for both bone marrow and 
blood sample consent and full trial consent, including 
the date of consent and all those present, will be kept in 
the participant’s notes. At any stage, participants can with-
draw consent without repercussion.

Confidentiality
All information collected during the course of the trial 
will be kept strictly confidential. Information will be held 
securely on paper at Leeds CTRU. In addition, the CTRU 
will hold electronic information on all trial participants. 
The CTRU will have access to the entire database for 
monitoring, coordination, and analysis purposes.

Access to data
Data will not be made available until the end of the study, 
The CTRU will control the final trial datasets, and any 
requests for data will be reviewed by the TMG in the first 
instance. Only requests that have a methodologically 
sound proposal and whose proposed use of the data has 
been approved by the independent TSC, based on the 
principles of a controlled access approach, and subject to 
existing contractual agreements with the funder, will be 
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considered. Proposals should be directed to Leeds Clin-
ical Trials unit (​CTRU-​DataAccess@​leeds.​ac.​uk) in the 
first instance; to gain access, data requestors will need to 
sign a data access agreement.

Ancillary and post-trial care
Participants who stop trial treatment due to progression 
or any point prior to the end of trial will be treated off-
trial at the discretion of their treating clinician. Following 
disease progression, participants will be followed up 
annually until death, or until the end of the trial for post-
progression endpoints.

Dissemination policy
Authorship of clinical and translational outputs will be 
in keeping with the UK-MRA Publication Policy and 
due acknowledgement to participants, local investi-
gators, funders and NCRI Haematological Oncology 
Group support made. The success of the trial depends 
on the collaboration of all trial members. For this reason, 
credit for the main results will be given to all those who 
have collaborated in the trial, through authorship and 
contributorship. Uniform requirements for author-
ship for manuscripts submitted to medical journals will 
guide authorship decisions alongside the guidance of the 
UK-MRA.

To maintain the scientific integrity of the trial, data will 
not be released prior to the end of the trial or a primary 
endpoint being reached, either for trial publication or 
oral presentation purposes, without the permission of the 
TSC and the (co-)chief investigators. In addition, indi-
vidual collaborators must not publish data concerning 
their participants that is directly relevant to the questions 
posed in the trial until the main results of the trial have 
been published and following written consent from the 
Sponsor.

Appendices
Informed consent material
The consent forms that are to be completed by the partic-
ipant at bone marrow registration and/or trial registra-
tion are included in online supplemental material.

Biological specimens
The collection of central samples for laboratory analysis 
is summarised in figure 4. The analysis to be conducted 
for trial purposes is stated in the online supplemental 
material. Additional analysis may be carried out by each 
central laboratory provided the appropriate consent for 
sample use in future research has been provided by the 
participant at trial entry.
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Glossary of Terms  

AE Adverse event 

ADL Katz Activity of Daily Living 

ALT Alanine aminotransferase 

AR Adverse reaction 

ANC Absolute Neutrophil Count 

AST Aspartate aminotransferase 

β2M Beta2-microglobulin 

CCI Charlson Comorbidity Index 

CI Chief Investigator 

CR Complete response 

CRF Case report form 

CTCAE Common Terminology Criteria for Adverse Events 

CTRU Clinical Trials Research Unit  

DMEC Data Monitoring and Ethics Committee 

eCRF Electronic Case Report Form 

GI Gastrointestinal 

HEAP Health Economics Analysis Plan 

HMDS Haematological Malignancy Diagnostic Service 

IADL Lawton Instrumental Activity of Daily Living 

IMiD Immunomodulatory Drug 

IMP Investigational medicinal product 

IMWG International Myeloma Working Group 

ITT Intention to treat 

mg Milligram 

MM Multiple myeloma 

MRD Minimal Residual Disease 

MR 

 

Minimal response 

 NCI National Cancer Institute 

ORR Overall response rate 

OS Overall survival 

PD Progressive disease 

PFS Progression-free survival 

 PFS2 Time from randomisation to second progression 

PK Pharmacokinetic(s) 

PI Proteasome Inhibitor 

PR Partial response 

PS Performance status 

QoL Quality of life 

R1 Randomisation 1 

R2 Randomisation 2 

REC Research Ethics Committee 

SD Stable disease 

SAE Serious adverse event 

SAR Serious adverse reaction 

SPM Secondary Primary Malignancy 

SmPC Summary of product characteristics 
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SUSAR Suspected unexpected serious adverse reaction 

TMG Trial Management Group 

TNE Transplant non-eligible 

TSC Trial Steering Committee 

UK-MRA United Kingdom Myeloma Research Alliance 

ULN Upper Limit of normal  

VGPR Very good partial response 

VTE Venous thromboembolism 
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List of Sites in the Fitness Trial 

Sites  

Aberdeen Royal Infirmary Kettering general Salford Royal Hospital 

Blackpool Victoria Kidderminster Hospital  Salisbury District Hospital 

Bristol Haematology & Oncology 

Centre 

Kings College Hospital, Denmark Hill 
South Tyneside Hospital 

Calderdale Royal Hospital Leicester Royal Infirmary Southampton Hospital 

Castle Hill Hospital Lincoln County Hospital  Southmead Hospital 

Cheltenham Hospital Maidstone Hospital St Bartholomew Hospital 

Clatterbridge Cancer Centre Manchester Royal Infirmary St George's Hospital, Tooting 

Colchester District New Cross Hospital St Helens Hospital 

Countess of Chester Ninewells St Helier Hospital 

County Hospital Norfolk & Norwich University Hospital St Richard's Hospital 

Croydon University Hospital  Nottingham City Hospital  St. James's University Hospital 

Derriford Hospital Peterborough City Hospital St. John's. Hospital, Howden 

Dewsbury and District Hospital Pilgrim Hospital  Sunderland Royal Hospital 

Dewsbury and District Hospital Pontefract Hospital The County Hospital, Wye Valley 

Epsom General Hospital Princess Royal Torbay Hospital 

Freeman Hospital Queen Alexandra Hospital TRAFFORD GENERAL HOSPITAL 

Friarage Hospital Queen Elizabeth Hospital the Queen Mother University College London Hospital 

Glan Clywd Queen Elizabeth Hospital, Birmingham Western General 

Gloucestershire Royal Queen Elizabeth Hospital, King's Lynn Whiston Hospital 

Goodhope Queens Hospital, Romford William Harvey 

Grantham & District  Royal Albert Edward Infirmary Worcestershire Royal Hospital 

Guys Hospital Royal Berkshire Worcestershire Royal Hospital 

Harrogate District Hospital Royal Bournemouth General Worthing Hospital  

Heartlands Royal Derby Wrexham Maelor Hospital 

Hillingdon Hospital Royal Devon & Exeter Hospital Wythenshaw Hospital 

Hinchingbrooke Hospital Royal Oldham YSBYTY GWYNEDD 

Huddersfield Royal Infirmary Royal Stoke University Hospital North Middlesex University Hospital 

James Cook University Hospital Royal United Hospital, Bath Royal Hallamshire 

Kent & Canterbury Hospital Russells Hall Hospital   

*In total the trial will be conducted in 87 centres around the UK 
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Spirit Checklist : Reporting checklist for protocol of a clinical trial. 

Based on the SPIRIT guidelines. 

Chan A-W, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hróbjartsson A, Schulz 

KF, Parulekar WR, Krleža-Jerić K, Laupacis A, Moher D. SPIRIT 2013 Explanation and Elaboration: 
Guidance for protocols of clinical trials. BMJ. 2013;346:e7586 

  Reporting Item Page Number 

Administrative 

information 

   

Title #1 Descriptive title identifying the study design, 

population, interventions, and, if applicable, trial 

acronym 

1 

Trial registration #2a Trial identifier and registry name. If not yet 

registered, name of intended registry 

1,2 

Trial registration: 

data set 

#2b All items from the World Health Organization 

Trial Registration Data Set 

NA 

Protocol version #3 Date and version identifier 18 

Funding #4 Sources and types of financial, material, and 

other support 

20 

Roles and 

responsibilities: 

contributorship 

#5a Names, affiliations, and roles of protocol 

contributors 

1, 20 

Roles and 

responsibilities: 

sponsor contact 

information 

#5b Name and contact information for the trial 

sponsor 

20 

Roles and 

responsibilities: 

sponsor and funder 

#5c Role of study sponsor and funders, if any, in 

study design; collection, management, analysis, 

and interpretation of data; writing of the report; 

and the decision to submit the report for 

publication, including whether they will have 

ultimate authority over any of these activities 

20,21 

Roles and 

responsibilities: 

committees 

#5d Composition, roles, and responsibilities of the 

coordinating centre, steering committee, 

endpoint adjudication committee, data 

management team, and other individuals or 

groups overseeing the trial, if applicable (see 

Item 21a for data monitoring committee) 

16 

Introduction    

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-056147:e056147. 12 2022;BMJ Open, et al. Coulson AB

https://www.goodreports.org/reporting-checklists/spirit/info/#1
https://www.goodreports.org/reporting-checklists/spirit/info/#2a
https://www.goodreports.org/reporting-checklists/spirit/info/#2b
https://www.goodreports.org/reporting-checklists/spirit/info/#3
https://www.goodreports.org/reporting-checklists/spirit/info/#4
https://www.goodreports.org/reporting-checklists/spirit/info/#5a
https://www.goodreports.org/reporting-checklists/spirit/info/#5b
https://www.goodreports.org/reporting-checklists/spirit/info/#5c
https://www.goodreports.org/reporting-checklists/spirit/info/#5d


Myeloma XIV Supplementary Material to Protocol Paper 

EudraCT number: 2018-003590-10  

 

6 

 

Background and 

rationale 

#6a Description of research question and 

justification for undertaking the trial, including 

summary of relevant studies (published and 

unpublished) examining benefits and harms for 

each intervention 

4,5 

Background and 

rationale: choice of 

comparators 

#6b Explanation for choice of comparators 4,5,6 

Objectives #7 Specific objectives or hypotheses 6 

Trial design #8 Description of trial design including type of trial 

(eg, parallel group, crossover, factorial, single 

group), allocation ratio, and framework (eg, 

superiority, equivalence, non-inferiority, 

exploratory) 

6 

Methods: 

Participants, 

interventions, and 

outcomes 

   

Study setting #9 Description of study settings (eg, community 

clinic, academic hospital) and list of countries 

where data will be collected. Reference to 

where list of study sites can be obtained 

6 

Eligibility criteria #10 Inclusion and exclusion criteria for participants. 

If applicable, eligibility criteria for study centres 

and individuals who will perform the 

interventions (eg, surgeons, psychotherapists) 

6 

Interventions: 

description 

#11a Interventions for each group with sufficient 

detail to allow replication, including how and 

when they will be administered 

9 

Interventions: 

modifications 

#11b Criteria for discontinuing or modifying allocated 

interventions for a given trial participant (eg, 

drug dose change in response to harms, 

participant request, or improving / worsening 

disease) 

9,10 

Interventions: 

adherance 

#11c Strategies to improve adherence to intervention 

protocols, and any procedures for monitoring 

adherence (eg, drug tablet return; laboratory 

tests) 

10 

Interventions: 

concomitant care 

#11d Relevant concomitant care and interventions 

that are permitted or prohibited during the trial 

10 
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Outcomes #12 Primary, secondary, and other outcomes, 

including the specific measurement variable (eg, 

systolic blood pressure), analysis metric (eg, 

change from baseline, final value, time to 

event), method of aggregation (eg, median, 

proportion), and time point for each outcome. 

Explanation of the clinical relevance of chosen 

efficacy and harm outcomes is strongly 

recommended 

11 

Participant timeline #13 Time schedule of enrolment, interventions 

(including any run-ins and washouts), 

assessments, and visits for participants. A 

schematic diagram is highly recommended (see 

Figure) 

11,12 

Sample size #14 Estimated number of participants needed to 

achieve study objectives and how it was 

determined, including clinical and statistical 

assumptions supporting any sample size 

calculations 

12,13 

Recruitment #15 Strategies for achieving adequate participant 

enrolment to reach target sample size 

13 

Methods: 

Assignment of 

interventions (for 

controlled trials) 

   

Allocation: 

sequence 

generation 

#16a Method of generating the allocation sequence 

(eg, computer-generated random numbers), and 

list of any factors for stratification. To reduce 

predictability of a random sequence, details of 

any planned restriction (eg, blocking) should be 

provided in a separate document that is 

unavailable to those who enrol participants or 

assign interventions 

13,14 

Allocation 

concealment 

mechanism 

#16b Mechanism of implementing the allocation 

sequence (eg, central telephone; sequentially 

numbered, opaque, sealed envelopes), 

describing any steps to conceal the sequence 

until interventions are assigned 

13 

Allocation: 

implementation 

#16c Who will generate the allocation sequence, who 

will enrol participants, and who will assign 

participants to interventions 

14 

Blinding (masking) #17a Who will be blinded after assignment to 

interventions (eg, trial participants, care 

14 
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providers, outcome assessors, data analysts), 

and how 

Blinding (masking): 

emergency 

unblinding 

#17b If blinded, circumstances under which 

unblinding is permissible, and procedure for 

revealing a participant’s allocated intervention 

during the trial 

14 

Methods: Data 

collection, 

management, and 

analysis 

   

Data collection plan #18a Plans for assessment and collection of outcome, 

baseline, and other trial data, including any 

related processes to promote data quality (eg, 

duplicate measurements, training of assessors) 

and a description of study instruments (eg, 

questionnaires, laboratory tests) along with 

their reliability and validity, if known. Reference 

to where data collection forms can be found, if 

not in the protocol 

14 

Data collection 

plan: retention 

#18b Plans to promote participant retention and 

complete follow-up, including list of any 

outcome data to be collected for participants 

who discontinue or deviate from intervention 

protocols 

14 

Data management #19 Plans for data entry, coding, security, and 

storage, including any related processes to 

promote data quality (eg, double data entry; 

range checks for data values). Reference to 

where details of data management procedures 

can be found, if not in the protocol 

14,15 

Statistics: outcomes #20a Statistical methods for analysing primary and 

secondary outcomes. Reference to where other 

details of the statistical analysis plan can be 

found, if not in the protocol 

15,16 

Statistics: additional 

analyses 

#20b Methods for any additional analyses (eg, 

subgroup and adjusted analyses) 

16 

Statistics: analysis 

population and 

missing data 

#20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to handle 

missing data (eg, multiple imputation) 

16,17 

Methods: 

Monitoring 
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Data monitoring: 

formal committee 

#21a Composition of data monitoring committee 

(DMC); summary of its role and reporting 

structure; statement of whether it is 

independent from the sponsor and competing 

interests; and reference to where further details 

about its charter can be found, if not in the 

protocol. Alternatively, an explanation of why a 

DMC is not needed 

16,17 

Data monitoring: 

interim analysis 

#21b Description of any interim analyses and stopping 

guidelines, including who will have access to 

these interim results and make the final decision 

to terminate the trial 

16,17 

Harms #22 Plans for collecting, assessing, reporting, and 

managing solicited and spontaneously reported 

adverse events and other unintended effects of 

trial interventions or trial conduct 

17,18 

Auditing #23 Frequency and procedures for auditing trial 

conduct, if any, and whether the process will be 

independent from investigators and the sponsor 

18 

Ethics and 

dissemination 

   

Research ethics 

approval 

#24 Plans for seeking research ethics committee / 

institutional review board (REC / IRB) approval 

18 

Protocol 

amendments 

#25 Plans for communicating important protocol 

modifications (eg, changes to eligibility criteria, 

outcomes, analyses) to relevant parties (eg, 

investigators, REC / IRBs, trial participants, trial 

registries, journals, regulators) 

18 

Consent or assent #26a Who will obtain informed consent or assent 

from potential trial participants or authorised 

surrogates, and how (see Item 32) 

19 

Consent or assent: 

ancillary studies 

#26b Additional consent provisions for collection and 

use of participant data and biological specimens 

in ancillary studies, if applicable 

19 

Confidentiality #27 How personal information about potential and 

enrolled participants will be collected, shared, 

and maintained in order to protect 

confidentiality before, during, and after the trial 

19 

Declaration of 

interests 

#28 Financial and other competing interests for 

principal investigators for the overall trial and 

each study site 

20,21 
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Data access #29 Statement of who will have access to the final 

trial dataset, and disclosure of contractual 

agreements that limit such access for 

investigators 

19 

Ancillary and post 

trial care 

#30 Provisions, if any, for ancillary and post-trial 

care, and for compensation to those who suffer 

harm from trial participation 

19 

Dissemination 

policy: trial results 

#31a Plans for investigators and sponsor to 

communicate trial results to participants, 

healthcare professionals, the public, and other 

relevant groups (eg, via publication, reporting in 

results databases, or other data sharing 

arrangements), including any publication 

restrictions 

19 

Dissemination 

policy: authorship 

#31b Authorship eligibility guidelines and any 

intended use of professional writers 

19 

Dissemination 

policy: reproducible 

research 

#31c Plans, if any, for granting public access to the full 

protocol, participant-level dataset, and 

statistical code 

19 

Appendices    

Informed consent 

materials 

#32 Model consent form and other related 

documentation given to participants and 

authorised surrogates 

15 

(Supplementary 

Material) 

Biological 

specimens 

#33 Plans for collection, laboratory evaluation, and 

storage of biological specimens for genetic or 

molecular analysis in the current trial and for 

future use in ancillary studies, if applicable 

21 

(Supplementary 

Material) 

None The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative 

Commons Attribution License CC-BY-NC. This checklist can be completed online using 

https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with 

Penelope.ai 
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Renal and Liver Function 

As per standard of care, doses of lenalidomide and ixazomib should be adjusted at baseline according 

to liver and renal function. Regardless of which dosing arm has been assigned the doses indicated in 

this section should not be exceeded on cycle 1 day 1. Doses of lenalidomide reduced (based on renal 

function) can only be escalated, if tolerated, to the maximum dose indicated by the participant’s 

assigned dosing arm/strategy after cycle 1 as per the lenalidomide SPC. Ixazomib doses may not be 

escalated, whether reduced based on renal or liver function.  

Renal function: 

Creatinine clearance should be calculated using the Cockcroft-Gault formula as the estimated GFR 

produced in most hospitals is not accurate in older patients.  For moderate renal impairment, ixazomib 

should be given 4mg daily and should be reduced be reduced to 3mg in patients with severe renal 

impairment and end of stage renal disease. For moderate renal impairment, 10mg of Lenalidomide 

once daily should be given, 15 mg every other day for severe renal impairment and 5mg once daily at 

end stage renal disease.  

 Calculated creatinine 

Clearance (using 

Cockcroft-Gault 

formula) 

Lenalidomide dose 

(Days 1-21) 

Ixazomib dose 

(Day 1, 8, 15) 

Moderate renal 

impairment 
≥ 30  to < 50 ml/min 10mg once daily 4mg once daily  

Severe renal 

impairment 

< 30 ml/min; not 

requiring dialysis 

15mg every other day 

 
3mg once daily  

End stage renal 

disease 

< 30 ml/min; requiring 

dialysis 

5mg once daily  

(on dialysis days should 

be administered 

following dialysis) 

3mg once daily  

Liver function: 

The reduced ixazomib dose of 3 mg is recommended in patients with moderate liver dysfunction 

characterised by total bilirubin > 1.5-3 x ULN (patients with bilirubin > 3 x ULN are not eligible for the 

study). No dose reduction based on AST/ALT is required.  

Lenalidomide has not formally been studied in patients with impaired hepatic function and there are 

no specific dose recommendations
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Concomitant Medication  

Permitted Concomitant Medication: 

1) Antiemetics, including 5-HT3 serotonin receptor antagonists, may be used at the discretion of the investigator 

(however, note that dexamethasone additional to that given as part of the trial treatment schedule is not 

permitted).  

2) Loperamide or other anti-diarrhoeal should be used for symptomatic non-infective diarrhoea at the discretion 

of the investigator. The dose and regimen will be according to institutional guidelines. Intravenous fluids should 

be given to prevent volume depletion.  

3) Growth factors (e.g. granulocyte colony stimulating factor [G-CSF], thrombopoeitin receptor agonists (TPO) and 

recombinant erythropoietin) are permitted at the discretion of the PI and/or institutional practice. Due 

consideration of the increased risk of VTE with TPO agonists and erythropoietin should be given and prophylaxis 

adjusted accordingly.  

4) Participants should be transfused with red cells and platelets as clinically indicated and according to institutional 

guidelines. Platelet transfusions are not allowed within 3 days prior to study drug dosing for any dosing day in 

order to meet pre-treatment criteria, to ensure that the platelet count is at a safe level to commence further 

treatment.  

5) Patients known to be Hep B core antibody positive should receive prophylaxis with an appropriate anti-viral as 

per local protocols and after consultation with a gastroenterology/hepatology specialist.  

         6) Other supportive measures consistent with optimal participant care may be given throughout the study. 

Excluded concomitant Medication: 

1) Any antineoplastic treatment with activity against MM, other than study drugs and localised radiotherapy for 

pain relief.  

2) Platelet transfusions within 3 days prior to study drug dosing for any dosing day in order to meet pre-treatment 

criteria, or prior to randomisation in order to meet eligibility criteria.  

3) Additional steroid therapy (not as trial IMP) (except: before commencing trial treatment up to a maximum of 

160 mg dexamethasone or equivalent based on glucocorticoid activity per inclusion criteria, or for the 

management of rash in which case topical, IC or oral steroid at a dose not exceeding prednisolone 10mg per 

day or equivalent is permitted)  

4) Radiotherapy for the treatment of symptoms related to disease progression (in the event of disease progression 

participant should stop trial treatment and further treatment will be at the discretion of the treating clinician).  

5) Excluded foods and dietary supplements include St. John’s Wort. 
6) Live vaccines are prohibited 30 days prior to R1 and for the duration of the study. They are also prohibited for 

3 months after the last dose of study drug.  

The following treatments should be avoided, unless deemed necessary by the treating clinician: 

1) Systemic treatment with any of the following metabolising enzyme inducers should be avoided, unless there is 

no appropriate alternative medication for the participant’s use (Rationale: If there were to be a drug-drug 

interaction with an inducer, ixazomib exposure would be decreased):  

2) Strong CYP3A inducers: rifampicin, rifabutin, carbamazepine, phenytoin, & phenobarbital  

3) Non-steroidal anti-inflammatory drugs (NSAIDs) should be avoided especially in those with abnormal renal 

function unless the clinical benefit outweighs the risk to deteriorating renal impairment.  
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Exploratory analysis 

Exploratory analysis will consider; the association of molecular subgroups with outcome through the 

investigation of frailty biomarkers, differences between the Karnofsky Performance Status (PS) and 

ECOG PS, and the prospective validation the UK-MRA MRP (United Kingdom-Myeloma Research 

Alliance Myeloma Risk Profile). All exploratory analysis to be conducted by the trial statisticians will 

be pre-specified in the statistical analysis plan.  

Subgroup analysis 

A series of subgroup analyses will be conducted to determine whether a selection of patient 

characteristics, haematology / local serological results, biochemistry results and 

cytogenetic/molecular results as well as response assessments are prognostic of the endpoints; 

Progression-Free survival, Progression-free survival 2, overall survival, attainment of ≥VGPR (Very 
Good Partial Response) and attainment of Minimal Residual Disease (MRD) negativity, as defined for 

both randomisations. Note that the subgroups MRD response to IRD (Ixazomib, Lenalidomide and 

Dexamethasone) induction and MRD response at 12m maintenance will not be analysed for the 

attainment of MRD negativity endpoint.  

 Patient Characteristics 

 Age at R1 baseline (<70,70-80,>80) 

 Sex (Male / Female) 

 ECOG performance status at R1 baseline (0,1, ≥2, missing) 

 Karnofsky performance status at R1 baseline (<80, 80-90,>90, missing) 

 ISS at R1 baseline (Stage I, Stage II, Stage III, missing) 

 R-ISS at R1 baseline (Stage I, Stage II, Stage III, missing) 

 IMWG frailty category at R1 baseline (Fit, Unfit, Frail) 

 MRP frailty category at R1 baseline (Fit, Intermediate-Fitness, Frail, missing) 

Hematology / Local Serological Results 

 Haemaglobin concentration at R1 baseline (<100, ≥100 g/L) 
 Platelets at R1 baseline (<150, ≥150 x109/L) 

 White blood cells at R1 baseline (<LLN, ≥LLN, missing) 
 Neutrophil count at R1 baseline (<LLN, ≥LLN) 

 Lymphocyte count at R1 baseline (<LLN, ≥LLN, missing) 
 Plasma cells (%) in bone marrow at R1 baseline (<60%, ≥60%) 

Biochemistry Results 

 β-2 microglobulin concentration at R1 baseline (<3.5, 3.5–<5.5, ≥5.5mg/L) 
 Serum creatinine concentration at R1 baseline (<175, ≥175 μmol/L) 
 Corrected serum calcium concentration at R1 baseline (<2.75, ≥2.75 mmol/L) 
 Serum albumin at R1 baseline (<ULN, ≥ULN, missing) 
 Lactate dehydrogenase at R1 baseline (<ULN, ≥ULN, missing) 
 C-Reactive protein at R1 baseline (<ULN, ≥ULN, missing) 
 Total bilirubin at R1 baseline (<ULN, ≥ULN) 
 ALT/AST at R1 baseline (<ULN, ≥ULN) 
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MLPA Cytogenetic Results 

 t(4,14) at R1 baseline (detected, not detected) 

 t(14,16) at R1 baseline (detected, not detected) 

 t(14,20) at R1 baseline (detected, not detected) 

 del(17p) at R1 baseline (detected, not detected) 

 del(13q) at R1 baseline (detected, not detected) 

 del(1p) at R1 baseline (detected, not detected) 

 gain(1q) at R1 baseline (detected, not detected) 

 UK definition risk group at R1 baseline (Standard, high risk, ultra-high risk) 

 IMWG definition risk group at R1 baseline (Adverse, Standard) 

Response 

 Response to IRD induction (<VGPR, ≥ VGPR) 
 Response to 12m maintenance (<VGPR, ≥ VGPR) 

 MRD response to IRD induction (MRD positive, MRD Negative) 

 MRD response to 12m maintenance (MRD positive, MRD Negative) 

 

Further subgroup analyses may be undertaken, as appropriate and all subgroup analysis will be fully 

documented in the statistical analysis plan. Subgroup and exploratory analyses may, by chance, 

generate false negative or positive results. Those carried out will be interpreted with caution.  
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7. I agree to allow any information provided to be used for healthcare and/or 

further medical research upon the understanding that my identity will 

remain anonymous wherever possible. 

8. I understand that results of my laboratory tests may be shared with other 

research teams if I am taking part in another clinical study being run by 

the University of Leeds. 

9. I agree to a copy of this Consent Form being sent to the Clinical Trials 

Research Unit. 

10. I agree for my details (which will include date of birth and NHS number) 

to be submitted to NHS Digital so that information about my health, and 

mortality should this become available, may be obtained by the CTRU if 

necessary. 

11. I agree to provide bone marrow and blood samples.  

  

Please indicate your wishes in the below scenarios:  

Please tick or initial yes or no: 

 

A) If I am diagnosed with a plasma cell dyscrasia, other than myeloma, I give 

permission for the samples sent to the central laboratories to be stored and 

used in future research that receives ethical approval. I understand that the 

samples and data collected from them may be shared with researchers, 

possibly outside the EEA. 

 

B) If I am diagnosed with myeloma but do not take part in the FiTNEss (UK-

MRA Myeloma XIV) study, I give permission for the samples sent to the central 

laboratories to be stored and used in future research that receives ethical 

approval. I understand that the samples and data collected from them may 

be shared with researchers, possibly outside the EEA. 

 

 

 

 

Yes No 

Please tick  

or initial 

  

Yes No 
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Patient (to be completed by the patient): 

Signature………………………………………………………………………………………………………………………….. 

Name (block capitals)……………………………………………….……………………………………………………….. 

Date………………………………………………….…………………………………………………………………………..... 

Investigator: 

I have explained the request to the above named patient and he/she has indicated his/her 

willingness for samples of bone marrow and blood to be sent to the FiTNEss central 

laboratories. 

Signature…………………………………………..……………………………………………………………………………… 

Name (block capitals)……………………………………………….……………………………………………………….. 

Date………………………………………………….……………………………………………………………………………… 

(If used)Translator: 

Signature…………………………………………..……………………………………………………………………………… 

Name (block capitals)……………………………………………….……………………………………………………….. 

Date………………………………………………….……………………………………………………………………………… 

(1 copy for patient; 1 for the CTRU; 1 held in patient notes, original stored in Investigator 

Site File) 

 

.  
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information about me, which will include NHS number and may 

include my name.   

 

6. I understand that results or reports from imaging scans, blood tests or 

other investigations (including for additional cancers) may be sent to 

the Clinical Trials Research Unit for central review by the research 

team. 

 

7. I agree to allow any information or results arising from this study to be 

used for healthcare and/or further medical research upon the 

understanding that my identity will remain anonymous wherever 

possible. 

 

8. I understand that my data and results of my laboratory tests (blood, 

urine and bone marrow sample collections) may be shared with other 

research teams if I am taking part in another clinical study being run 

by the University of Leeds. 

 

9. I agree for my details (which will include date of birth and NHS 

number) to be submitted to NHS Digital so that information about my 

health, and mortality should this become available, may be obtained 

by the CTRU if necessary. 

 

10.  I understand that my GP, or any other doctor treating me, will be 

notified of my participation in this study.  

 

11. I understand that some of my data may be passed to other 

organisations, such as the pharmaceutical companies Takeda and 

Celgene, (possibly in other countries outside the EEA where the data 

protection standards and laws may be different from the UK) to 

monitor the safety of the treatment(s) that I am receiving. I 

understand that my identity will remain anonymous. 

 

12. I agree to a copy of this Consent Form being sent to the Clinical Trials 

Research Unit  

 

13. I agree to take part in the study.  
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The following parts of the study are OPTIONAL (see part 3 of the Participant 

Information Sheet). Even if you agree to take part in the FiTNEss study, you do not 

have to agree to these optional parts. Please tick or initial yes or no. 

 

A) I agree to take part in the Quality of Life and Healthcare Resource Use studies 

by completing questionnaires at time points throughout the study. 

 

B) I give permission for samples that I provide to be used in future research that 

receives ethical approval, and I understand that this includes the blood and bone 

marrow samples provided at the time of my diagnosis (if consented separately to 

the bone marrow and blood sample for this study). I understand that my samples 

and data collected from them may be shared on a collaborative basis with 

researchers in the UK and potentially, centres abroad, including outside the 

European Economic Area. 

 

Patient (to be completed by the patient): 

Signature………………………………………………………………………………… 

Name (block capitals)……………………………………………….…………………… 

Date………………………………………………….…………………………………… 

 

Investigator: 

I have explained the study to the above named patient and he/she has indicated his/her 

willingness to participate. 

Signature…………………………………………..…………………………………… 

Name (block capitals)……………………………………………….………………… 

Date………………………………………………….…………………………………… 

 

(If used)Translator: 

Signature…………………………………………..…………………………………… 

Name (block capitals)……………………………………………….………………… 

Date………………………………………………….…………………………………… 

 

Please tick  

or initial 

     

  

Yes No 

  

Yes  No 
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Central Sample Analysis 

The trial has four central laboratories, each receiving samples for trial purposes. The time points and 

the reason for analysis for each central sample can be found in Figure 4. Details on the analysis of each 

sample is below. Note that participants can consent for their samples to be used in future research 

and hence each laboratory can store their trial samples for use in future studies. The storage details 

are also included below.  

Birmingham 

Samples are sent in approved packaging via the UK post office service and received in a UKAS 

accredited clinical laboratory for laboratory assessment and storage under the direction of the TMG. 

Assessment of prognostic markers, markers of disease activity and M-protein levels. Analyses will 

include serum levels of beta-2 microglobulin, immunoglobulins IgG, IgA and IgM, kappa and lambda 

free immunoglobulin light chains. Serum electrophoresis and immunofixation, M-protein quantitation 

including total protein and densitometry. Urine immunofixation and free light chain quantitation will 

be performed where appropriate. 

HMDS 

The presence of minimal residual disease will be assessed in bone marrow aspirates using a validated 

flow cytometry assay (sensitivity ≤0.004%) performed at a single central laboratory (HMDS, Leeds 
Teaching Hospitals Trust). A minimum of 500,000 cells will be evaluated with six- or eight-colour 

antibody combinations including CD138, CD38, CD45, CD19, CD56, CD27, CD81 and CD117. 

Sustained MRD-negativity, as defined by the IMWG [1], will not be assessed as it requires the 

participant to be imaging MRD-negative at the same timepoints that they are flow MRD-negative and 

imaging is only mandated at baseline and to investigate new systems not at regular intervals for all 

participants. 

Flow MRD will be assessed at the following time points: Baseline (pre-randomisation 1), after 6 cycles 

of induction therapy, at the end of 12 cycles of induction treatment (or at the end of the final cycle of 

IRD treatment if sooner), at 12 months post maintenance randomisation 2. Flow MRD will also be 

assessed at any point a first occurrence of CR, or SCR is suspected. 

 

During final analysis, we will determine the conversion rate of patients who are MRD Positive at the 

end of induction to MRD Negative at 12 months post Randomisation 2. The analysis to this is specified 

within our Statistical Analysis Plan (SAP).  

 

Samples will be used for trial purposes only and will not be stored for future research.  

ICR 

Myeloma tumor material is purified from fresh bone marrow material using CD138 immunomagnetic 

separation. Tumor DNA and RNA are extracted and recurrent immunoglobulin translocations t(4;14), 

t(14;16), t(14;20) and copy number aberrations del(1p32), gain(1q21), del(17p) investigated as 

previously published using qRT-PCR and multiplex ligation-dependent amplification (MLPA), 

respectively[2]. Excess material is stored, if patient gave written consent for use in future research, at 

-80C standard DNA and RNA storage conditions. 

LIMR 
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Peripheral blood samples for immunosenescent and Senescence-associated secretory proteome will 

be draw and managed timepoints in the clinical pathway, processed in a central laboratory and stored 

as aliquots of mononuclear cells and serum for subsequent planned use. Full QA is performed on 

sample receipt to ensure only viable and valuable samples are processed and stored for research use.  
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