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Ixazomib as consolidation and maintenance versus 

observation in patients with relapsed multiple myeloma 

eligible for salvage autologous stem-cell transplantation 

(Myeloma XII [ACCoRD]): interim analysis of a multicentre, 

open-label, randomised, phase 3 trial

Gordon Cook, A John Ashcroft, Ethan Senior, Catherine Olivier, Anna Hockaday, Jeanine Richards, Jamie D Cavenagh, John A Snowden, 

Mark T Drayson, Ruth de Tute, Lesley Roberts, Roger G Owen, Kwee Yong, Mamta Garg, Kevin Boyd, Hamdi Sati, Sharon Gillson, Mark Cook, 

David A Cairns, Christopher Parrish, on behalf of the United Kingdom Myeloma Research Alliance 

Summary 
Background The efficacy of consolidation and maintenance in the context of salvage autologous haematopoietic 
stem-cell transplantation (HSCT) for relapsed multiple myeloma remains unclear. We aimed to assess whether 
consolidation after salvage autologous HSCT, using ixazomib, thalidomide, and dexamethasone, followed by 
maintenance with single agent ixazomib is superior to observation.

Methods This is an interim analysis of Myeloma XII (ACCorD; referred to as ACCorD hereafter), an open-label, 
randomised, controlled, phase 3 trial done at 79 hospitals in the UK. Eligible patients were aged 18 years or older, had 
relapsed multiple myeloma with measurable disease, an ECOG performance status of 2 or less with adequate renal, 
hepato biliary, pulmonary, and cardiac function, and required treatment for first progressive disease occurring at least 
12 months after first autologous HSCT. In a first randomisation, patients were assigned (1:1) to receive either 
conventional auto logous HSCT with melphalan or augmented autologous HSCT with melphalan and ixazomib. In 
the second randomi  sation, reported here, patients were assigned (1:1) to consolidation using ixazomib, thalidomide, 
and dexametha sone (oral ixazomib 4 mg per day on days 1, 8, and 15, oral thalidomide 100 mg per day on days 1–28, 
and oral dexamethasone 40 mg per day on days 1, 8, 15 and 22 of 28-day cycles), followed by maintenance with single 
agent ixazomib (oral ixazomib 4 mg per day on days 1, 8, and 15 of 28-day cycles until disease progression or 
intolerance), or obser vation. The primary endpoint was progression-free survival, analysed by intention-to-treat. 
Safety was analysed per-protocol. This study is registered with ISRCTN, ISRCTN10038996, and EudraCT, 
2016-000905-35, and recruitment is complete.

Findings Between Dec 12, 2017, and April 21, 2023, 206 patients entered the second randomisation (103 in the 
consolidation and maintenance group and 103 in the observation group). This prespecified interim analysis (data 
cutoff April 21, 2023), was done at a median follow-up of 27 months (IQR 13–38). Median progression-free survival 
was 20 months (95% CI 15–29) in the consolidation and maintenance group and 13 months (11–18) in the observation 
group (hazard ratio 0·55 [95% CI 0·39–0·78]; p=0·0006). Serious adverse events were reported in 29 (32%) of 
92 patients in the consolidation and maintenance group compared with seven (7%) of 103 patients in the observation 
group. The most common serious adverse events were infections and infestations in both the consolidation and 
maintenance group and the observation group. The most common grade 3, 4, or 5 adverse events for patients in the 
consolidation and maintenance group were upper respiratory infection (seven [8%] of 92 patients). No deaths in the 
consolidation and maintenance group were deemed treatment related.

Interpretation ACCorD provides evidence that an orally administered, deliverable, and tolerable post-
salvage autologous HSCT treatment regimen can improve the durability of response for transplantation-
eligible patients at first relapse. The findings are of relevance to patients who had durable disease control from 
autologous HSCT in the first line, representing a viable alternative to continuous parentally-administered relapse 
therapies.
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Introduction
Multiple myeloma is one of the most common haemato-
logical malignancies, with an annual incidence of 
7·2 cases per 100 000 population in the UK.1 Despite 
therapeutic advances, multiple myeloma remains 
incurable with a 5-year net survival from diagnosis of 
49·6% (95% CI 47·3–52·0).2

Salvage autologous haematopoietic stem-cell transplan-
tation (HSCT) in multiple myeloma, defined as a second 
or subsequent intervention with high-dose chemotherapy 
and autologous HSCT after relapse from a previous 
autologous HSCT, induces superior durability of response3 
and improves overall survival4 compared with non-
transplantation consolidation. The availability of an 
increasing number of therapeutic options at first relapse 
(eg, continuous triplet regimens) has led to reduced use of 
salvage autologous HSCT, but at present there is no pro-
spective evidence about whether consolidation and 
maintenance strategies could enhance outcomes from 
salvage autologous HSCT, which has been shown compel-
lingly at first line. This is an important evidence gap. 
Since most patients who relapse after first autologous 
HSCT are lenalidomide refractory following maintenance 
treatment, which is recommended by international 
guidance5 and approved for use in the UK,6 the efficacy of 
a proteasome inhibitor-containing post-salvage autolo-
gous HSCT consolidation and maintenance strategy 
using the second-generation oral proteasome inhibitor 
ixazomib is therefore a question of relevance.

Ixazomib is a second generation small molecule 
inhibitor of the 20S proteasome that is licensed for the 
treatment of multiple myeloma. Inhibition of the 
20S proteasome with bortezomib has been validated as a 

therapeutic target in myeloma. However, ixazomib, an 
oral formulation, might be more suitable for use as a 
maintenance therapy. The established safety profile 
indicates that ixazomib is generally well tolerated, with 
less peripheral neuropathy than bortezomib, although 
upper and lower gastrointestinal toxicity has been 
reported.7 Ixazomib has shown efficacy as treatment in 
relapsed myeloma in combination with an immunomod-
ulatory agent and steroid,8 and as maintenance treatment 
following first-line autologous HSCT.9

The UK Myeloma Research Alliance (UK-MRA) 
Myeloma XII (ACCoRD; referred to as ACCoRD 
hereafter) trial compared the efficacy and safety of con-
solidation after salvage autologous HSCT, using 
ixazomib, thalidomide, and dexamethasone, followed by 
maintenance with single agent ixazomib, compared with 
observation, in patients with first relapse of multiple 
myeloma. In this report, we describe the initial outcomes 
of the second randomisation in the ACCoRd trial 
following the second formal interim analysis.

Methods
Study design and participants
The UK-MRA ACCorD study10 is a phase 3, open-label, 
randomised controlled trial with a single arm registra-
tion phase. Participants were initially enrolled to receive 
re-induction treatment (due to relapse after successful 
first-line treatment including first autologous HSCT) 
and, if required, peripheral blood stem-cell (PBSC) 
mobilisation and harvest. Subsequently, there were 
two potential randomisations in the study: the first was a 
transplantation randomisation that compared conven-
tional salvage autologous HSCT (standard dose 

Research in context

Evidence before this study

We searched PubMed on Dec 21, 2023, for clinical trials published 

since Jan 1, 2010, using the terms “myeloma”, “transplant” and 

“salvage”. Our search identified two randomised phase 3 studies 

of salvage autologous haematopoietic stem-cell transplantation 

(HSCT) in patients with multiple myeloma: Myeloma X and 

GMMG ReLApsE. Data from the Myeloma X study showed the 

superiority of salvage transplantation over non-transplantation 

consolidation in terms of progression-free survival and overall 

survival. Data from GMMG ReLApsE did not show an advantage 

of salvage transplantation over extended lenalidomide-based 

treatment.

Added value of this study

To the best of our knowledge, the UK Myeloma Research 

Alliance Myeloma XII (ACCoRD) trial registered more patients 

with relapsed multiple myeloma suitable for salvage 

transplantation from UK National Health Service hospitals than 

any previous interventional study; because of this, patients 

were representative of real-world practice. This is the only study 

to examine the effect of post-salvage autologous HSCT 

consolidation and maintenance. We observed a significant 

benefit of consolidation and maintenance on progression-free 

survival. This benefit was observed irrespective of the depth 

of response to re-induction therapy and salvage 

transplantation, tumour genomic risk stratification, or the 

duration of disease control from first autologous HSCT.

Implications of all the available evidence

The results of UK-MRA Myeloma XII trial provide the first 

randomised, prospective evidence for the use of consolidation 

and maintenance treatment following salvage transplantation. 

The durability of disease control with salvage autologous HSCT 

and maintenance, even when used with an orally administered, 

highly tolerable and affordable induction regimen, is comparable 

to many current parentally-delivered continuous novel-agent 

based non-transplantation strategies. Salvage autologous HSCT, 

combined with an appropriate consolidation and maintenance 

strategy, continues to have an important role in the 

management of relapsed transplantation-eligible myeloma.
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melphalan conditioning) with augmented salvage autolo-
gous HSCT (melphalan augmented with ixazomib 4 mg 
given 4 days and 1 day before autologous HSCT). After 
successful completion of post-HSCT response assess-
ment patients underwent a second randomisation to 
consolidation and maintenance treatment with ixazomib 
or observation. In this study, we report the results of 
consolidation and maintenance randomisation. Results 
of the single arm reinduction stage and the transplanta-
tion randomisation will be published elsewhere. 
Participants were recruited from 79 National Health 
Service (NHS) hospitals in England, Wales, and Scotland 
(appendix pp 2–3). 

To commence treatment, eligible patients had to have a 
diagnosis of relapsed11 multiple myeloma12 with measur-
able disease13 (according to International Myeloma 
Working Group [IMWG] criteria), required treatment for 
first progressive disease occurring at least 12 months 
after first autologous HSCT, and were aged at least 
18 years with an Eastern Cooperative Oncology Group 
performance status of 2 or less with adequate renal, 
hepatobiliary, pulmonary, and cardiac function. Key 
exclusion criteria were having received treatment for 
relapsed disease other than local radiotherapy, therapeu-
tic plasma exchange, or dexamethasone up to a maximum 
of 160 mg, CNS involvement with myeloma, grade 2 
peripheral neuropathy, or failure to have recovered from 
the reversible effects of previous chemotherapy. Full 
eligibility criteria are in the appendix (pp 6–9). All partici-
pants provided written informed consent. 

This study was approved by the national ethics review 
board (National Research Ethics Service, London, UK), 
institutional review boards of the participating centres, 
and the competent regulatory authority (Medicines and 
Healthcare Products Regulatory Agency, London, UK), 
and was conducted according to the Declaration of 
Helsinki and the principles of Good Clinical Practice as 
espoused in the Medicines for Human Use (Clinical 
Trials) Regulations.

This trial is registered with ISCRTN, ISRCTN10038996, 
and EudraCT, 2016-000905-35.

Randomisation and masking
Details of the first randomisation for salvage autologous 
HSCT are in the appendix (p 4). Participants who 
completed salvage autologous HSCT and had response 
assessment at 100 days were randomly assigned (1:1) at 
the second randomisation, to consolidation and mainte-
nance or observation. A similar computer-generated 
minimisation algorithm with a random element was 
used to avoid chance imbalances in two variables deter-
mined at consolidation and maintenance randomisation: 
allocated salvage autologous HSCT (conventional or 
augmented) and response to allocated autologous HSCT 
(very good partial response [VGPR] or better [≥VGPR]). 

Randomisations were done at the Clinical Trials 
Research Unit (University of Leeds, Leeds, UK) by 

authorised members of staff with a centralised automated 
24 h web system according to a validated minimisation 
algorithm developed under the supervision of the lead 
trial statistician (DAC). Because of the nature of the inter-
vention, the study was open-label, and study investigators 
and patients were aware of treatment assignment. The 
funders remained masked to treatment results until data 
cutoff.

Procedures
Sex and ethnicity were collected from electronic medical 
records where possible, and self-reported otherwise. 
Patients were free to refuse to disclose this information.

Re-induction procedures are described in the appendix 
(p 4). Participants with at least stable disease proceeded 
to PBSC mobilisation (if required, as per local institu-
tional protocols). However, if sufficient PBSC were 
available from first-line autologous HSCT, this procedure 
was not compulsory. Patients were eligible for salvage 
autologous HSCT randomisation if they had adequate 
stem-cell mobilisation (defined as ≥2 × 10⁶ CD34+ cells 
per kg or ≥2 × 10⁸ peripheral-blood mononuclear cells 
per kg) and maintained at least stable disease. Salvage 
autologous HSCT procedures are described in the 
appendix (p 4). Participants attaining at least a minimal 
response (according to International Myeloma Working 
Group Uniform Response Criteria14) following response 
assessment at 100 days after salvage autologous HSCT 
proceeded to consolidation and maintenance 
randomisation. 

Participants allocated to consolidation and maintenance 
received two cycles of consolidation therapy using the 
same schedule as re-induction. Ixazomib (4 mg per day) 
was administered orally on days 1, 8, and 15 of each 28-day 
cycle. Thalidomide (100 mg per day) was administered 
orally on days 1–28. Dexamethasone (40 g per day) was 
administered orally on days 1, 8, 15, and 22 of each 28-day 
cycle. This was followed by maintenance treatment in 
28-day cycles with ixazomib (4 mg per day) administered 
on days 1, 8, and 15 of each cycle. Maintenance treatment 
continued until progressive disease in the absence of 
toxicity. Participants allocated to observation received no 
further treatment as per protocol. The detailed dose 
reduction schedules are shown in the study protocol 
(appendix p 20).

Bone marrow aspirate samples at trial entry were 
enriched for CD138+ cells (autoMACS; Miltenyi Biotec, 
Cologne, Germany) and plasma cell suspensions were 
fixed in methanol and acetic acid solution and stored at 
−20°C. The presence of translocations were investigated 
using interphase fluorescence in-situ hybridisation, with 
commercial probes, scored and image-captured using 
an AxioPlan microscope (Zeiss, Jena, Germany) with 
Isis software (version 5.0; MetaSystems, Altlußheim, 
Germany). CD138-purified plasma cells were tested with 
probes to identify the presence of IGH::FRGR3 [t(4;14)
(p16.3; q32)], IGH::MAF [t(14;16)(q32;q23)], IGH::MAFB 

See Online for appendix
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[t(14;20)(q32;q12)], and CCND1::IGH [t(11;14)(q13; q31)] 
fusion genes and MYC gene rearrangements. CD138-
purified plasma cells were also assessed for copy number 
abnormalities in 17p (TP53), 1p, and 1q using multiplex 
ligation-dependent probe amplification (MLPA), with a 
commercial kit (SALSA MLPA P425 Multiple Myeloma; 
MRC-Holland, Amsterdam, the Netherlands) and 
analysed using Coffalyser software (MRC-Holland). For 
the detection of TP53 deletion, a cutoff of 20% plasma-cell 
involvement was used, and for fusion gene detection the 
reporting was absolute (present vs absent). Adverse 
cytogenetic abnormalities were defined as gain(1q), t(4;14), 
t(14;16), t(14;20), or del(17p). Patients were classified into 
three cytogenetic risk groups for the preplanned analysis 
of outcomes: standard risk (no adverse cytogenetic abnor-
malities), high risk (one adverse abnormality), or 
ultra-high risk (≥2 adverse abnormalities).

Response and disease progression were assessed 
according to the IMWG Uniform Response Criteria14 
(appendix p 4). Bone marrow aspirates were obtained at 
trial entry 100 days after salvage autologous HSCT, 8 weeks 
after consolidation and maintenance randomisation, or 
after consolidation treatment and at 12 months after con-
solidation and maintenance randomisation. The presence 
of measurable residual disease was assessed using a 
validated flow cytometry assay performed at a single 
central laboratory (Haematological Malignancy Diagnostic 
Service, Leeds Cancer Centre, Leeds, UK) as previously 
reported.15 Limit of detection of the assay met the IMWG 
sensitivity criteria (0·001% of leukocytes).

Adverse events were assessed at the start of each 
treatment cycle and were graded according to the US 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (version 5.0) and categorised 
according to Medical Dictionary for Regulatory Activities 
System Organ Class. Adverse events were collected in the 
consolidation and maintenance group only, from regis-
tration until 30 days after the last dose of treatment. 
Serious adverse events were reported for all patients in 
both groups, from the date of consolidation and mainte-
nance randomisation until 30 days after progression. 

Outcomes
The primary endpoint of the first randomisation in the 
study was overall response rate to augmented salvage 
autologous HSCT at day 100; results will be reported 
separately. The primary endpoint of the second randomi-
sation in the trial, reported here, was progression-free 
survival, defined as the time from consolidation and 
maintenance randomisation to progressive disease or 
death. Patients without an event were censored at time of 
last follow-up. 

Secondary endpoints were: overall survival, defined as 
the time from randomisation to death from any cause or 
last follow-up; time to disease progression, defined as the 
time from randomisation to progressive disease or death 
(from multiple myeloma); upgrade in response after 

consolidation; second progression-free survival, defined 
as the time from randomisation to second progressive 
disease or death; time to next treatment, defined as the 
time from randomisation to commencement of next line 
treatment; safety and toxicity; and health-related quality 
of life assessed by the 30-item European Organisation for 
Research and Treatment of Cancer (EORTC) Core Quality 
of Life questionnaire, EORTC Myeloma Module Quality 
of Life Questionnaire (EORTC QLQ-MY20), and EQ-5D 
to estimate quality-adjusted life-years; and proportion of 
patients negative for measurable residual disease. Overall 
response rate following ixazomib, thalidomide, and 
dexamethasone re-induction, duration of response, con-
tinuous measurable residual disease, and engraftment 
kinetics were additional secondary endpoints, and will be 
reported elsewhere. Health-related quality of life will be 
reported elsewhere. Further subgroup analyses of 
progression-free survival and all subgroup analysis of 
overall survival will be reported at the final analysis, 
when the number of events will be higher.

Statistical analysis
The data cutoff date for this analysis was April 21, 2023. 
The hypothesis being tested was that consolidation and 
maintenance treatment improved progression-free 
survival compared with observation in patients with 
relapsed multiple myeloma after salvage autologous 
HSCT. The consolidation and maintenance randomisa-
tion of the trial was designed to have 80% power to show 
a 9-month increase in median progression-free survival 
in the consolidation and maintenance group (median 
27 months) compared with observation group (median 
18 months; hazard ratio [HR] 0·67) when a total of 
192 progression-free survival events had been observed, 
at a two-sided 5% significance level. This calculation16 
assumed the time-to-event was exponentially distributed 
and that recruitment would last 60 months with a further 
24 months of follow-up. A minimum recruitment target 
of 248 patients for randomisation to consolidation and 
maintenance or observation was specified, allowing for 
5% dropout. These assumptions and estimated outcomes 
were based on improvements observed with mainte-
nance therapy in first-line myeloma treatment.17,18 A 
single formal interim analysis was prespecified in the 
original study protocol for the primary endpoint of 
progression-free survival. This was prespecified to occur 
when at least 50% of required progression-free survival 
events had been observed (n=124). However, due to the 
COVID-19 pandemic there were concerns regarding slow 
recruitment and following discussion with the internal 
trial team, the trial management group and independent 
oversight committees, it was agreed that the interim 
analysis would be done earlier (when 33% of required 
progression-free survival events had been observed) and 
that a second interim analysis would be required when 
67% of required progression-free survival events had 
been observed, to allow the possibility of the release of 
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positive results allowing an early closure of recruitment. 
This was included in a protocol amendment on 
Feb 12, 2021 (appendix p 5). The first interim analysis for 
the second randomisation was completed and presented 
to the data monitoring and ethics committee on 
June 16, 2021, and no recommendation was made to 
release the interim anaylsis. The second interim analysis 
for the second randomisation was completed and 
presented to the data monitoring and ethics committee 
on June 2, 2023, and following their recommendation to 
report the interim anaylsis the results are presented in 
this manuscript. 

Efficacy analyses were done in the intention-to-treat 
population, which included all randomly assigned 
patients. The safety population included all patients who 
received at least one dose of study treatment or agreed to 
participate in the observation intervention. For the 
primary endpoint, we estimated summaries of time to 
event per treatment group using the Kaplan-Meier 
method. We made comparisons between the allocated 
groups using the Cox proportional hazards model 
adjusted for the minimisation factors, to estimate HRs 
and 95% CIs. Second progression-free survival and 
overall survival were analysed in the same manner. The 
proportional hazards assumptions were assessed by 
plotting the hazards over time for each treatment group 
and by using the Kolmogorov-Type supremum test 
described by Lin and colleagues.19 None of the model 
terms showed statistically significant evidence of 
violation of the assumption. Subgroup analysis methods 
are described in the appendix (p 5). The number and 
proportion of patients in each response and measurable 
residual disease category was summarised descriptively 
and exact 95% CIs were calculated using the Clopper-
Pearson method.

We summarised toxicity, in terms of adverse events, 
descriptively. Cumulative incidence function curves were 
estimated by non-parametric maximum likelihood esti-
mation.20 Fine and Gray competing risks regression21 was 
used to compare the hazard of second primary malig-
nancies, adjusting for the minimisation factors, with 
death specified as a competing risk.

All reported p values are two-sided and were consid-
ered significant at an overall significance level of 5%. We 
used SAS (version 9.4) for statistical analyses. 

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. 

Results
Between March 31, 2017, and July 20 2022, 496 participants 
were enrolled in the study. 478 participants received 
ixazomib, thalidomide, dexamethasome (ITD) reinduc-
tion and 247 participants received salvage autologous 
HSCT (figure 1). The most common reasons for not 

undergoing salvage HSCT randomisation were progres-
sive disease (n=131), withdrawal (n=51), and death without 
progression (n=19). The median time from salvage HSCT 
to consolidation and maintenance randomisation was 

Figure 1: Trial profile

HSCT=haematopoietic stem-cell transplantation. IDT=ixazomib, thalidomide, and dexamethasone.

1002 patients screened for eligibility

496 enrolled 

478 commenced ITD re-induction

287 underwent first randomisation (conventional 

salvage autologous HSCT vs augmented salvage

autologous HSCT)

206 underwent second randomisation

103 assigned to consolidation and maintenance

2 disease progression

3 withdrawn by clinician

1 continued directly to maintenance ixazomib

5 unknown

1 disease progression

1 died 

3 unknown

92 commenced consolidation

87 commenced maintenance

62 progression-free survival events

41 alive and progression-free

103 assigned to observation

77 progression-free survival events

26 alive and progression-free

191 not randomly assigned

 130 disease progression

 19 died 

 34 withdrawn by clinician

 2 mobilised insufficient stem cells

 4 did not meet all eligibility criteria 

for randomisation

 2 unknown

81 did not undergo second randomisation

       36 disease progression  

        12 died

        19 withdrawn by clinician

          5 did not meet all eligibility criteria

              for randomisation

          9 unknown

506 not registered

 150 did not meet all eligibility criteria 

 67 did not wish to participate

 40 not appropriate to approach

 44 did not wish to have a second 

autologous HSCT

 50 did not have measurable disease 

 30 other reason for not consenting

 2 too ill to consent

 123 other

18 excluded

        3 found to be ineligible after registration

      13 withdrawn by clinician

         1 disease progression

         1 withdrew consent
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4·3 months (range 3·4–6·7). 36 patients had disease pro-
gression and 12 patients died between the autolous HSCT 
randomisation and the consolidation and maintenance 
randomisation. 206 patients were randomly assigned 
between Dec 21, 2017, and April 21, 2023. 103 participants 

were assigned to the observation group and 103 participants 
were assigned to receive consolidation and maintenance. 
Patient and disease characteristics are shown in table 1. 
The median age was 62·5 years (range 34·0–78·0), 
45 (9%) of 496 patients were older than 70 years, and 
143 participants (69%) of 206 participants were men. The 
median time to progression from first autologous HSCT 
was 32 months (range 2–212). A single patient was regis-
tered to the trial in error after progressing 2 months after 
first autologous HSCT on serological criteria. 125 (61%) of 

Consolidation and 

maintenance 

(n=103)

Observation 

(n=103)

Age at registration, years

Mean (SD) 60·2 (7·23) 61·7 (6·88)

Median (range) 61·0 (34·0–74·0) 63·0 (41·0–74·0)

Age at registration, years

≤65 80 (78%) 68 (66%)

>65 23 (22%) 35 (34%)

Ethnicity

White 91 (88%) 89 (86%)

Mixed 1 (1%) 1 (1%)

Asian 3 (3%) 2 (2%)

Black 5 (5%) 7 (7%)

Other ethnic group 0 1 (1%)

Not stated 0 2 (2%)

Missing data 3 (3%) 1 (1%)

Sex

Male 75 (73%) 68 (66%)

Female 28 (27%) 35 (34%)

Time from first autologous HSCT to first disease progression, months

Mean (SD) 41·3 (22·67) 40·5 (28·37)

Median (range) 34·0 (12·0–144·2) 33·5 (14·0–211·8)

Missing data 2 (2%) 0

ECOG performance status

0 73 (71%) 73 (71%)

1 24 (23%) 29 (28%)

2 5 (5%) 0 

Missing data 1 (1%) 1 (1%)

Serum lactate dehydrogenase

Normal 80 (78%) 83 (81%)

Abnormal 10 (10%) 13 (13%)

Missing data 13 (13%) 7 (7%)

Serum calcium concentration at registration, mmol/L

Mean (SD) 2·4 (0·13) 2·4 (0·12)

Median (Range) 2·4 (2·2–3·0) 2·4 (2·2–3·0)

Missing data 2 (2%) 0

Serum creatinine at registration, μmol/L

Mean (SD) 88·1 (40·85) 85·0 (20·16)

Median (Range) 80·0 (49·0–421·0) 81·0 (49·0–172·0)

Missing data 1 (1%) 0

Paraprotein type at initial diagnosis

IgG 61 (59%) 69 (67%)

IgA 22 (21%) 17 (17%)

IgM 3 (3%) 1 (1%)

Light chain only 14 (14%) 15 (15%)

Non-secretor 1 (1%) 0 

Missing data 2 (2%) 1 (1%)

(Table 1 continues in next column)

Consolidation and 

maintenance 

(n=103)

Observation 

(n=103)

(Continued from previous column)

International Staging System stage

1 64 (62%) 65 (63%)

2 28 (27%) 28 (27%)

3 4 (4%) 3 (3%)

Missing data 7 (7%) 7 (7%)

Cytogenetic risk

Standard 39 (38%) 43 (42%)

High 16 (16%) 18 (17%)

Ultra-high 6 (6%) 6 (6%)

Cytogenetics not performed 42 (41%) 36 (35%)

Thalidomide exposed 68 (66%) 65 (63%)

Lenalidomide exposed 17 (17%) 17 (17%)

Bortezomib exposed 53 (51%) 60 (58%)

Carfilzomib exposed 8 (8%) 7 (7%)

Previous lenalidomide 

maintenance received 

(lenalidomide refractory)

11 (11%) 5 (5%)

Previous carfilzomib 

maintenance received 

(carfilzomib refractory)

0 1 (1%)

Previous exposure to 

proteasome inhibitor

59 (57%) 66 (64%)

Relapse established

Clinical 10 (10%) 9 (9%)

Biochemical 91 (88%) 94 (91%)

Missing data 2 (2%) 0 

Haematopoietic cell transplantation-specific comorbidity index score

0–1 96 (93%) 90 (87%)

2–3 5 (5%) 11 (11%)

≥4 1 (1%) 2 (2%)

Missing 1 (1%) 0 

Response to re-induction

≥VGPR 36 (35%) 41 (40%)

<VGPR 67 (65%) 62 (60%)

Response to allocated autologous HSCT

≥VGPR 68 (66%) 60 (58%)

<VGPR 35 (34%) 43 (42%)

Data are n (%), unless otherwise stated. Additional baseline characteristics are 

included in the appendix (p 16). HSCT=haematopoietic stem-cell transplantation. 

ECOG=Eastern Cooperative Oncology Group. VGPR=very good partial response.

Table 1: Baseline characteristics at initial trial registration
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206 participants had received a proteasome inhibitor as 
part of their first-line treatment and 16 (8%) of 
206 participants had previously received lenalidomide 
maintenance. 128 (62%) of 206 participants had an 
evaluable complete set of cytogenetic results, of whom 
82 (64%) of 128 participants were classified as standard 
risk, 34 (27%) participants as high-risk, and 12 (9%) par-
ticipants as ultra-high risk.

For this interim analysis of the maintenance randomi-
sation, 103 patients were included in each group, of 
whom 77 (75%) of 103 participants in the observation 
group and 62 (60%) of 103 participants in the consolida-
tion and maintenance group had progressive disease or 
had died. No participants were excluded from this 
analysis. After a median follow-up of 27 months 
(IQR 13–38), median progression-free survival from 
random isation was 13 months (95% CI 11–18) in the 
observation group and 20 months (15–29) in the consoli-
dation and maintenance group (HR 0·55 [95% CI 
0·39–0·78]; p=0·0006; figure 2). 6-month progression-
free survival estimates are in the appendix (p 16). Time to 
progression results were similar (appendix pp 10, 14). 
Median progression-free survival from the initiation of 
relapse therapy was 25 months (95% CI 21–28) in the 
observation group versus 30 months (26–38) in the con-
solidation and maintenance group.

In subgroup analyses, a benefit of consolidation and 
maintenance on progression-free survival was observed 
across most subgroups of participants (figure 3). 
Significant heterogeneity was observed within the 
subgroups defined by response after re-induction therapy 
(HR 0·97 [95% CI 0·54–1·72] for ≥VGPR; 0·41 
[0·26–0·63] for <VGPR; pheterogeneity= 0·011). No significant 
heterogeneity was observed within the subgroups 
defined by time to progression after first autologous 
HSCT (HR 0·19 [95% CI 0·04–0·90] for time to progres-
sion of <18 months; 0·35 [0·14–0·90] for time to 
progression of 18–24 months; 0·65 [0·44–0·97] for time 
to progression >24 months; pheterogeneity= 0·055) or response 
after salvage HSCT (0·71 [0·46–1·11] for ≥VGPR; 0·44 
[0·26–0·76] for <VGPR; pheterogeneity= 0·151). No significant 
heterogeneity was identified within the subgroup defined 
by genetic risk (0·62 [0·33–1·15] for standard risk; 0·87 
[0·35–2·19] for high risk; 0·11 [0·02–0·80] for ultra-high 
risk; pheterogeneity=0·570). However, participants with ultra-
high risk disease seemed to gain greater benefit in terms 
of progression-free survival from consolidation and 
maintenance than did patients with standard risk and 
high-risk disease (appendix pp 12–13).

At the time of interim analysis, 16 (16%) of 
103 participants in the observation group and nine (9%) of 
103 participants in the consolidation and maintenance 
group had died. Median overall survival was not reached 
in either group. 6-month overall survival estimates are in 
the appendix (p 16). The 2-year overall survival was 92·0% 
(95% Cl 83·0–96·3) in the observation group and 91·1% 
(82·1–95·7) in the consolidation and maintenance group. 

No significant difference was observed between the obser-
vation and consolidation and maintenance groups for 
overall survival (HR 0·48 [95% CI 0·21–1·09]; figure 4A). 

8 weeks after randomisation, 11 (11%) of 103 participants 
were negative for measurable residual disease in the 
observation group and seven (7%) of 103 participants 
were negative for measurable residual disease in the con-
solidation and maintenance group. The attained 
measurable residual disease results are in the appendix 
(p 16). One (1%; 95% CI 0·02–5·29) of 103 participants in 
the observation group had an upgraded minimal residual 
disease response, compared with three (3%; 0·60–8·28) 
of 103 participants in the consolidation and maintenance 
group.

27 (26%) of 103 participants in the observation group 
and 18 (17%) of 103 participants in the consolidation and 
maintenance group had a second disease progression or 
died. Median progression-free survival 2 was 44 months 
(95% CI 36 to NR) in the observation group and was not 
reached in the consolidation and maintenance group. 
6-month second progression-free survival estimates are 
in the appendix (p 17). The 2-year progression-free 
survival 2 was 79·0% (95% Cl 67·8 to 86·6) in the obser-
vation group and 89·8% (80·5 to 94·8) in the 
consolidation and maintenance group. The difference in 
progression-free survival 2 observed between the obser-
vation and consolidation and maintenance groups 
was not statistically significant (HR 0·56 [95% CI 
0·30 to 1·01]; p=0·055; figure 4B). 

53 (51%) of 103 participants in the observation group 
and 40 (39%) of 103 participants in the consolidation and 

Figure 2: Progression-free survival by allocated treatment
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Figure 3: Progression-free survival subgroup analysis

n=number of events. N=number of participants. ECOG=Eastern Cooperative Oncology Group. HSCT=haematopoietic stem-cell transplantation. VGPR=very good partial response. ULN=upper limit of 
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maintenance group commenced next-line treatment or 
died. Median time to next treatment was 22 months 
(95% CI 15–30) in the observation group and was 
33 months (23 to NR) in the consolidation and main-
tenance group. 6-month time to next treatment estimates 
are in the appendix (p 17). The time to next treatment 
estimate at 2 years was 46·9% (95% Cl 35·3 to 57·7) in 
the observation group and 59·7% (47·7 to 69·8) in the 
consolidation and maintenance group. A significant dif-
ference in time to next treatment was observed between 
the groups: the median time to next treatment was longer 
in the consolidation and maintenance group than the 
observation group (HR 0·53 [95% CI 0·35 to 0·80]; 
p=0·0030; appendix p 15). 

35 participants received treatment after progression in 
the consolidation and maintenance group compared 
with 52 participants in the observation group (appendix 
p 19). The majority of participants in both groups 
received lenalidomide-containing treatment as a third-
line treatment (appendix p 19). 15 (19%) of 77 participants 
in the observation group subsequently received ixazomib-
containing treatment.

Of 25 participants who died, the most common cause 
of death was myeloma (ten [63%] of 16 participants in the 
observation group; five [56%] of nine participants in the 
consolidation and maintenance group; appendix p 17). 
Four participants in the observation group and five par-
ticipants in the consolidation and maintenance group 
(including one case of COVID-19) died of infection. 
One participant in the consolidation and maintenance 
group had a cardiac cause of death. In the observation 
group, one participant died of a second malignancy, 
one participant of respiratory illness, and one participant 
of a neurological illness.

Four participants in the observation group and 
five participants in the consolidation and maintenance 
group were diagnosed with a second primary malig-
nancy (appendix pp 17–18). The 2-year cumulative 
incidence of second primary malignancies was similar 
between treatment groups (3·6% [95% CI 1·1–10·9] in 
the observation group vs 2·3% [0·6–8·9] in the consoli-
dation and maintenance group). No significant 
diff erence was observed in time to first second primary 
malignancy between the observation and consolidation 
and maintenance groups (HR 1·43 [95% CI 0·39–5·21]; 
p=0·59). The overall incidence of second primary malig-
nancy per 100 patient-years was 1·85 (95% CI 0·69–4·93) 
in observation group and 2·72 (95% CI 1·22–6·05) in 
the consolidation and maintenance group. 

91 (88%) of 103 patients in the consolidation and 
maintenance group commenced ITD consolidation. 
One participant chose not to receive consolidation due to 
the COVID-19 pandemic and went straight to mainte-
nance treatment. The median time from consolidation 
and maintenance randomisation to start of ITD consoli-
dation was 7 days (range 0–97). Dose modifications 
consisting of reductions and omissions were applied to 

27 (26%) of 103 participants allocated to ITD consolida-
tion. 90 (87%) of 103 participants completed two cycles of 
ITD consolidation. Of these 90 participants, 85 (94%) 
continued to receive at least one cycle of maintenance 
treatment. The median time from consolidation and 
maintenance randomisation to start of maintenance was 

Figure 4: Overall survival (A) and progression-free survival 2 (B) by treatment group
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69·5 days (range 7·0–156·0). The median number of 
maintenance cycles was 15 (range 1–57). Dose modifica-
tions consisting of reductions, delays, and omissions 
were required for 36 (35%) of 103 participants in the con-
solidation and maintenance safety population (appendix 
p 18). Reasons for discontinuation of maintenance 
treatment are detailed in the appendix (p 19); two (2%) of 
103 participants discontinued due to adverse events.

16 serious adverse events were reported in seven (7%) 
of 103 participants in observation compared with 
42 serious adverse events in 29 (32 %) of 92 participants 
receiving consolidation and maintenance (appendix 

p 19). The most common MedDRA System Organ Class 
for serious adverse events occurring after randomisation 
was infections and infestations in both the observation 
and consolidation and maintenance groups. Adverse 
events were assessed in the 92 participants who received 
any dose of consolidation and maintenance treatment. 
The most common grade 3, 4, or 5 adverse events were 
upper respiratory infection (seven [8%] of 92 participants) 
and thrombocytopenia (five [5%] participants; table 2). 
Common adverse events of any grade were peripheral 
sensory neuropathy (52 [57%] of 92 participants in the 
consolidation and maintenance group), fatigue (41 [45%] 
participants), and upper respiratory infection (41 [45%] 
participants; table 2).

Discussion
The efficacy of salvage HSCT for managing relapse after a 
previous autologous HSCT in multiple myeloma has been 
established.3 However, the durability of response is less 
than that observed when autologous HSCT is used in the 
first-line setting where with post-HSCT maintenance, the 
median progression-free survival has been extended to 
more than 5 years.22 The use of post-salvage HSCT main-
tenance has been relatively unexplored in prospective 
trials, with the only published data from real-world 
registry-based retrospective analyses where both pre-
salvage and post-salvage HSCT therapy were 
heterogeneous, limiting clinical practice-changing conclu-
sions. The UK-MRA ACCoRD trial is, to the best of our 
knowledge, the largest study to assess salvage HSCT in 
relapsed multiple myeloma, and specifically consolidation 
and maintenance treatment after salvage HSCT. We have 
shown that progression-free survival, the primary 
endpoint of this study, is superior for consolidation and 
maintenance treatment versus observation. The findings 
are consistent with the results of studies in the front-line 
setting, which have demonstrated improved progression-
free survival from consolidation and maintenance 
strategies,22,23 including when ixazomib is used as a main-
tenance strategy.9 This interim analysis demonstrates the 
enhanced durability of response from consolidation and 
maintenance is consistent across subgroups, without 
compromising disease response or durability at later lines 
of treatment (second progression-free survival), or overall 
survival. Analysis of time to next treatment showed an 
even greater benefit for consolidation and maintenance 
over observation, highlighting the importance of 
deeper disease control. The effect of consolidation and 
maintenance on health-related quality of life will be 
examined at a later pre-planned analysis for long-term 
follow-up. When overall survival is sufficiently mature, 
rank-preserving structural failure time methods will be 
used to test if the allocated treatment effect on overall 
survival was affected by treatment switching.

What is the role for salvage autologous HSCT in the 
modern therapeutic landscape in first relapse multiple 
myeloma? The benefit of a salvage HSCT over a 

Grade 1–2 Grade 3 Grade 4 Grade 5

Peripheral sensory 

neuropathy

52 (57%) 0 0 0 

Fatigue 41 (45%) 0 0 0 

Upper respiratory infection 34 (37%) 7 (8%) 0 0 

Platelet count decreased 27 (29%) 2 (2%) 3 (3%) 0 

Constipation 27 (29%) 0 0 0 

Nausea 24 (26%) 0 0 0 

Back pain 21 (23%) 0 0 0 

Diarrhoea 20 (22%) 1 (1%) 0 0 

Cough 20 (22%) 0 0 0 

Anaemia 18 (20%) 0 1 (1%) 0 

Pain in extremity 15 (16%) 0 0 0 

Rash maculo-papular 15 (16%) 0 0 0 

Vomiting 14 (15%) 0 0 0 

Dyspnoea 13 (14%) 0 0 0 

Lymphocyte count decreased 12 (13%) 3 (3%) 0 0 

Lung infection 11 (12%) 2 (2%) 0 1 (1%)

Dizziness 11 (12%) 0 0 0 

Headache 11 (12%) 0 0 0 

Insomnia 11 (12%) 0 0 0 

Fever 10 (11%) 1 (1%) 0 0 

Oedema limbs 8 (9%) 1 (1%) 0 0 

Alanine aminotransferase 

increased

8 (9%) 0 1 (1%) 0 

Neutrophil count decreased 7 (8%) 3 (3%) 0 0 

White blood cell decreased 7 (8%) 1 (1%) 0 0 

Urinary tract infection 4 (4%) 2 (2%) 0 0 

Tooth infection 4 (4%) 1 (1%) 0 0 

Toothache 3 (3%) 1 (1%) 0 0 

Hypertension 1 (1%) 1 (1%) 0 0 

Mucositis oral 1 (1%) 1 (1%) 0 0 

Epistaxis 1 (1%) 1 (1%) 0 0 

Syncope 0 1 (1%) 0 0 

Gastrointestinal disorders-

other

0 1 (1%) 0 0 

Sepsis 0 0 1 (1%) 0 

Grade 1–2 occurring in ≥10% of participants and any grade 3–5 event occurring in 

the safety population. Adverse events of all grades were collected only in the 

consolidation and maintenance group.

Table 2: Adverse events in the consolidation and maintenance group 

(n=92)
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chemotherapy-based non-transplant, fixed duration con-
soli dation is evident from the UK National Cancer 
Research Institute Myeloma X trial, where improved 
durability of response was associated with an overall 
survival benefit.4 However, the role of salvage HSCT in 
the era of continuous novel agent therapy, and the utility 
of post-transplant consolidation and maintenance, well-
proven in the front-line setting, have yet to be defined. 
The GMMG ReLApsE study was a randomised open-
label phase 3, in which salvage HSCT plus lenalidomide 
maintenance was compared with continuous treatment 
with lenalidomide and corticosteroids;24 on an intention-
to-treat basis, no progression-free survival or overall 
survival advantage was observed, although it should be 
noted that with randomisation occurring at baseline in 
that study almost a third of participants did not receive 
the designated salvage HSCT after lenalidomide-
dexamethasone re-induction, due to disease progression, 
adverse events, or withdrawal. The two trials examined 
different populations, with the ReLApsE study including 
patients receiving both second-line and third-line 
treatment and 38% of participants having received a 
tandem autologous HSCT in the first-line setting. In 
contrast, in our trial, all patients were receiving second-
line treatment and none had received a tandem 
auto logous HSCT in the first-line setting. Furthermore, 
the median progression-free survival in the GMMG trial 
was similar to the that reported in the autologous HSCT 
group of the NCRI Myeloma X trial,3 where no post-
salvage HSCT was delivered, whereas the median 
progression-free survival reported here for patients 
receiving post-salvage HSCT maintenance was longer 
than that reported in either the GMMG or Myeloma X 
trials. 

A number of key novel agent combination trials in 
patients who had received 1–3 previous lines of therapy 
have reported durable responses, and within these trials, 
subgroups of patients who had received one previous line 
of treatment (not dissimilar to our trial population) have 
been reported. When making comparisons with such 
studies it is important to note that progression-free 
survival reported in our manuscript is from the post-
salvage HSCT consolidation and maintenance 
randomisation in the study; progression-free survival 
measured from the initiation of relapse therapy was 
25 months for the observation group and 30 months for 
the consolidation and maintenance group. Although a 
meta-analysis has not been performed, in the subgroup of 
patients with first relapse, the median progression-free 
survival reported across these studies of continuous novel 
agent regimens is in the range of 18–53 months. For 
example, for patients with one previous line of therapy, 
progression-free survival of 30 months was reported for 
carfilzomib-lenalidomide-dexamethasone in ASPIRE,25 
27 months for daratumumab-bortezomib-dexamethasone 
in CASTOR,26 and 53 months for daratumumab-
lenalidomide-dexamethasone in POLLUX27 (appendix 

p 19); with the exception of daratumumab, lenalidomide 
and dexamethasone,27 the reported progression-free 
survival was similar, if not inferior to that reported in our 
trial where salvage autologous HSCT was maintained 
with ixazomib, a single oral agent. The combination of 
daratumumab-lenalidomide-dexamethasone might be 
unsuitable for patients relapsing on lenalidomide mainte-
nance after first-line autologous HSCT. Moreover, clear 
advantages are that disease progression from the main-
tenance schedule in our trial is only on a single agent, as 
opposed to multi-agent refractoriness with key novel 
agent combinations in these trials, the regimen is steroid 
free, reducing long-term infective and metabolic chal-
lenges for patients, and delivery of a single agent is likely 
to be economically viable. 

Since the inception of the ACCoRD trial, a number of 
new agents for treatment of relapsed and refractory 
myeloma have become accessible in routine clinical 
practice, including a number of immunotherapies 
targeting B-cell maturation antigen, G protein–coupled 
receptor class C group 5 member D, and other antigens, 
and evolutions of existing classes of agents such as 
immuno modulatory drugs. In parallel, it must be 
acknowledged that the standard of care first-line 
therapies used for myeloma have evolved since the start 
of our trial. Importantly, the compelling evidence base 
and widespread adoption of lenalidomide maintenance 
after first-line transplantation renders that agent unsuit-
able as a component of consolidation and maintenance 
after salvage HSCT. While lenalidomide was not used in 
the ACCORD trial, the expansion of the treatment arma-
mentarium means that thalidomide use is also no longer 
likely to be optimal, which is likely to account for the 
rates of progressive disease observed before the start of 
consolidation in the study. An alternative all-oral combi-
nation, ixazomib, lenalidomide, and dexamethasone, has 
been evaluated as a response-adapted maintenance in the 
front-line setting, but did not improve progression-free 
survival significantly over lenalidomide–dexamethasone28 
and is not suitable for lenalidomide-refractory patients. 
Our data indicate for the first time an evidence base to 
support consolidation and maintenance as a valid 
strategy in the context of salvage autologous transplanta-
tion and show this can be achieved with an all-oral 
regime. An ongoing role for salvage autologous HSCT in 
the treatment landscape is therefore demonstrated, but 
the evolving therapeutic landscape means the most 
suitable agents to employ in this approach in the future 
remains a priority question to be addressed over the 
coming years.

Considering the heterogeneity of patients with 
multiple myeloma, predefined subgroup analysis is key 
to understanding which patients will benefit the most 
from an intervention while acknowledging results 
should be interpreted with caution. Although much 
research attention has focused on the molecular aberra-
tions of myeloma, there is growing understanding that 
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host biology also has a central role in defining subgroups 
of patients.29 In our study, age did not affect outcomes, 
nor did performance status, including stem-cell trans-
plantation fitness (haematopoetic cell transplantation 
comorbidity index) or disease stage. Neither the durabil-
ity of response from the initial autologous HSCT nor 
previous proteasome inhibitor exposure affected the 
outcome of maintenance with ixazomib. Durability of 
response is likely to reflect the importance of selecting 
for salvage autologous HSCT in only those patients with 
good duration of response to first autologous HSCT, a 
key inclusion criterion of our study. Analysis of the effect 
of cytogenetic aberrations on the impact of maintenance 
suggests that patients with ultra-high-risk disease gain a 
clear advantage from prolonged anti-myeloma mainte-
nance therapy; the effect for high-risk and standard risk 
is less clear and did not reach nominal statistical signifi-
cance. When the impact of response to re-induction or 
salvage autologous HSCT is examined, it is patients who 
reached less than VGPR who benefit most from post-
salvage HSCT consolidation and maintenance, which 
might highlight the importance of consolidating sub 
optimal responses with agents to which a patient’s 
disease is known to be sensitive. 

A successful maintenance strategy after autologous 
HSCT in myeloma should be effective, easy to deliver, 
and tolerable for the patients in the long-term.30 As the 
treatment landscape evolves the optimal personalised 
maintenance approach for any given patient is becoming 
more complex, especially considering factors such as 
genetically-defined high-risk disease and response-
adapted strategies that reflect the evolving treatment 
paradigm. In our study, consolidation with ITD followed 
by ixazomib monotherapy maintenance was well tolerated 
with predictable haematological toxicity as the most 
frequent treatment-emergent adverse event. Low grade 
fatigue and infections were reported commonly, as were 
mild gastrointestinal disturbance and peripheral neurop-
athy, although grade 3 upper respiratory tract infections 
were the only notable clinically significant toxicities 
observed. It is worth noting that only patients who 
tolerated ixazomib (in combination with thalidomide and 
dexamethasone) during the re-induction phase were 
eligible for the randomisation of ixazomib-containing 
maintenance. The current follow-up is relatively short, 
and assessment of long-term toxicities such as second 
primary malignancies, cardiotoxicity, and infections is 
ongoing.

The sample size was smaller than the preplanned size 
at the design stage, which was due to greater attrition 
during the trial than anticipated. However, considering 
that statistical power in trials such as this are determined 
through the number of primary endpoint events rather 
than the number of participants randomly assigned, this 
did not impact the results. 

Randomised controlled trials that report early for 
efficacy can overestimate the effect size.31 The effect size 

we observed is larger, and is based on slightly shorter 
progression-free survival, than we hypothesised at the 
design stage. However, when a stringent, predefined 
stopping rule is in place32 and 50% of required events 
have been reported, reporting early has been suggested 
to have a negligible impact on estimated effect sizes.33 
This study had planned interim analyses included in the 
protocol for this comparison with an appropriate 
stopping rule. The primary endpoint analysis was under-
taken when 139 (72%) of the required events had been 
reported, suggesting that the estimated effect could be at 
most minimally inflated. Nonetheless, these findings 
need to be interpreted with caution while the results of 
the final long-term follow-up analysis are awaited.

In conclusion, the ACCoRD trial demonstrates that 
consolidation and maintenance treatment with ixazomib 
after salvage autologous HSCT is superior to observation 
in terms of progression-free survival. Current follow-up 
is insufficient to determine differences in progression-
free survival 2 or overall survival.
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