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Summary

Background—Lenalidomide is a cornerstone of maintenance therapy in patients with newly
diagnosed multiple myeloma after autologous stem-cell transplantation. We aimed to compare the
efficacy and safety of maintenance therapy with carfilzomib, lenalidomide, and dexamethasone
versus lenalidomide alone in this patient population.

Methods—This study is an interim analysis of ATLAS, which is an investigator-initiated,
multicentre, open-label, randomised, phase 3 trial in 12 academic and clinical centres in the
USA and Poland. Participants were aged 18 years or older with newly diagnosed multiple
myeloma, completed any type of induction and had stable disease or better, autologous stem-cell
transplantation within 100 days, initiated induction 12 months before enrolment, and an Eastern
Cooperative Oncology Group performance status of 0 or 1. Patients were randomly assigned
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(1:1) using permuted blocks of sizes 4 and 6 and a web-based system to receive up to 36

cycles of carfilzomib, lenalidomide, and dexamethasone (28-day cycles of carfilzomib 20 mg/m?
administered intravenously in cycle one on days 1 and 2 then 36 mg/m? on days 1, 2, 8, 9, 15,

and 16 in cycles one to four and 36 mg/m? on days 1, 2, 15, and 16 from cycle five up to 36

[per protocol]; lenalidomide 25 mg administered orally on days 1-21; and dexamethasone 20

mg administered orally on days 1, 8, 15, and 22) or lenalidomide alone (10 mg administered
orally for the first three cycles and then at the best tolerated dose [<15 mg for 28 days in

28-day cycles]) until disease progression or unacceptable toxicity as maintenance therapy. After 36
cycles, patients in both treatment groups received lenalidomide maintenance. Randomisation was
stratified by response to previous treatment, cytogenetic risk factors, and country. Investigators
and patients were not masked to treatment allocation. Patients in the carfilzomib, lenalidomide,
and dexamethasone group with no detectable minimal residual disease after cycle six (as per
International Myeloma Working Group criteria) and standard-risk cytogenetics were switched to
lenalidomide maintenance as of cycle nine. The primary endpoint was progression-free survival in
the intention-to-treat population (defined as all randomly assigned patients). Safety was analysed
in all randomly assigned patients who received at least one dose of study treatment. This
unplanned interim analysis was triggered by the occurrence of 59 (61%) of the expected 96 events
for the primary analysis and the results are considered preliminary. This trial is registered with
ClinicalTrials.gov, NCT02659293 (active, not recruiting) and EudraCT, 2015-002380-42.

Findings—Between June 10, 2016, and Oct 21, 2020, 180 patients were randomly assigned to
receive either carfilzomib, lenalidomide, and dexamethasone (n=93) or lenalidomide alone (n=87;
intention-to-treat population). The median age of patients was 59-0 years (IQR 49-0-63-0); 84
(47%) patients were female and 96 (53%) were male. With a median follow-up of 33-8 months
(IQR 20-9-42-9), median progression-free survival was 59-1 months (95% CI 54-8-not estimable)
in the carfilzomib, lenalidomide, and dexamethasone group versus 41-4 months (33-2-65-4) in
the lenalidomide group (hazard ratio 0-51 [95% CI 0-31-0-86]; p=0:012). The most common
grade 3 and 4 adverse events were neutropenia (44 [48%] in the carfilzomib, lenalidomide, and
dexamethasone group vs52 [60%] in the lenalidomide group), thrombocytopenia (12 [13%] vs
six [7%]), and lower respiratory tract infections (seven [8%] vsone [1%]). Serious adverse events
were reported in 28 (30%) patients in the carfilzomib, lenalidomide, and dexamethasone group and
19 (22%) in the lenalidomide group. One treatment-related adverse event led to death (respiratory
failure due to severe pneumonia) in the carfilzomib, lenalidomide, and dexamethasone group.

Interpretation—This interim analysis provides support for considering carfilzomib,
lenalidomide, and dexamethasone therapy in patients with newly diagnosed multiple myeloma
who completed any induction regimen followed by autologous stem-cell transplantation, which
requires confirmation after longer follow-up of this ongoing phase 3 trial.

Funding—Amgen and Celgene (Bristol Myers Squibb).

Introduction

The role of extended treatment is well established in patients with newly diagnosed multiple

myeloma. For patients eligible for transplant, there is clear evidence that maintenance
with a single agent after autologous stem-cell transplantation prolongs progression-free
survival and, in some studies, overall survival.1= Lenalidomide maintenance is the most
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well established among single agents and considered globally as the standard of care based
on several randomised studies and meta-analyses showing an overall survival benefit for
lenalidomide compared with observation.> However, access to lenalidomide as maintenance
therapy and reimbursement might be limited in many low-income and middle-income
countries. Bortezomib might be an alternative for maintenance after autologous stem-cell
transplantation but based on less direct evidence (ie, a landmark analysis of a randomised
trial and no clear overall survival benefit).8” Ixazomib showed a small progression-free
survival benefit, but no overall survival compared with observation only. Use of ixazomib in
maintenance is scarce but has increased during the COVID-19 pandemic as a convenient oral
alternative to bortezomib.®

Attempts to improve progression-free survival and overall survival after autologous stem-
cell transplantation using short consolidation therapy or tandem transplantation (or both),
with or without subsequent maintenance with a single agent, have generated mixed
results.®10 The EMN02/HOVONO95 study!! showed a progression-free survival benefit with
short-course bortezomib, lenalidomide, and dexamethasone consolidation after autologous
stem-cell transplantation, whereas the STaMINA trial1® did not; differences in study
populations and induction regimens might be partly responsible for these disparate findings.
The EMNO02/HOVONGO5 study! also showed a benefit with tandem versus single autologous
stemOcell transplantation, favouring patients at high risk. The intention-to-treat population
in STaMINA showed no benefit of tandem transplantation, although a substantial proportion
of patients did not receive a second transplant. An updated, post-hoc analysis of STaMINA,
which included patients who received planned tandem transplantation, corroborated with
the observations from EMNO02/HOVON95 and showed that tandem autologous stem-cell
transplantation benefits patients at high risk.12

In the GEM2014MAIN trial,13 the addition of ixazomib to lenalidomide and dexamethasone
for 2 years followed by minimal residual disease-guided discontinuation of maintenance
therapy did not result in improved progression-free survival, whereas the CASSIOPEIA
triall* showed a progression-free survival benefit with daratumumab maintenance every

8 weeks compared with observation in patients who did not receive daratumumab before
autologous stem-cell transplantation. Several ongoing randomised trials (including phase 3
studies from the German Multicentre Myeloma Group [NCT02495922 and NCT03617731],
the Southwest Oncology Group [NCT04071457], the Canadian Myeloma Research Group
[NCT04786028], and an industrysponsored trial [NCT03901963]) are evaluating the role

of elotuzumab, daratumumab, or isatuximab plus lenalidomide maintenance—results from
these trials are eagerly awaited.

With these trials still in progress, there is a scarcity of definitive findings from phase 3
trials to show that any alternative maintenance therapy is superior to lenalidomide alone.

In a phase 2 trial, 15 extended treatment with 14 cycles of carfilzomib, lenalidomide,

and dexamethasone after autologous stem-cell transplantation led to deep responses with
median progression-free survival exceeding 5 years since diagnosis, which suggests that
this regimen has potential to surpass the current standard of care. Results from the

phase 2 FORTE trial® further support this hypothesis as maintenance with carfilzomib
plus lenalidomide after a second randomisation, following carfilzomib-based induction and
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consolidation with or without autologous stem-cell transplantation, improved progression-
free survival compared with lenalidomide alone.

In this unplanned interim analysis of an ongoing trial, we compare the efficacy and
safety of maintenance therapy with carfilzomib, lenalidomide, and dexamethasone versus
lenalidomide alone in patients with newly diagnosed multiple myeloma who received
autologous stem-cell transplantation after any induction regimen.

Methods
Study design

This study is an unplanned interim analysis of ATLAS, which is an investigator-initiated,
multicentre, open-label, randomised, phase 3 trial coordinated by the University of Chicago
in collaboration with the Polish Myeloma Consortium and conducted in 12 academic and
clinical centres in the USA and Poland (appendix p 8). The study, protocol, and amendments
were approved by an institutional review board or ethics committee at each participating
centre and the Office for Registration of Medicinal Products, Medical Devices, and Biocidal
Products in Poland. This study was conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonisation of Good Clinical Practice
guidelines. The study protocol is shown in the appendix.

Participants

Eligible participants were aged 18 years or older with newly diagnosed multiple myeloma
who completed any type of induction (up to two regimens allowed if the first induction
generated a suboptimal response or the regimen was not well tolerated) followed by single
autologous stem-cell transplantation. Patients were included if they had stable disease

or better (according to the International Myeloma Working Group [IMWG] response
criteria),1’ received autologous stem-cell transplantation within 100 days, initiated induction
12 months before enrolment, had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1, an absolute neutrophil count of at least 1 x 109 cells per

L, a platelet count of at least 70 x 109 platelets per L, adequate liver function (bilirubin
<1.5 times the upper limit of normal and aspartate and alanine aminotransferases <3.0 times
the upper limit of normal), and creatinine clearance of at least 50 mL per min or serum
creatinine lower than 2 mg/dL. Women of childbearing potential had to have two negative
pregnancy tests within 14 days before treatment initiation and agree to use two reliable
forms of contraception simultaneously or practice abstinence. Men had to agree to use latex
condoms during sexual intercourse. All participants in the USA had to provide consent to
be registered into the Lenalidomide Risk Evaluation and Mitigation Strategy programme.
Key exclusion criteria were progressive disease (as per IMWG response criterial?) at any
time after the initiation of induction, treatment with consolidation or maintenance therapy
after transplantation, grade 2 or worse peripheral neuropathy (as defined by the National
Cancer Institute Common Terminology Criteria for Adverse Events [NCI-CTCAE]; version
4.0), uncontrolled hypertension or diabetes, myocardial infarction within 6 months before
randomisation, uncontrolled angina, heart failure (New York Heart Association Functional
Classification 3 or 4), severe coronary artery disease, severe uncontrolled ventricular
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arrhythmias, electrocardiographic evidence of acute ischaemia or active conduction system
abnormalities, other malignancy within the past 3 years (except adequately treated basal cell
carcinoma, squamous cell carcinoma, thyroid cancer, cervical carcinoma in situ, prostate
cancer [Gleason score 6 with stable prostate-specific antigen concentrations], or cancer
considered cured using surgical resection alone), or any substantial medical condition that
could interfere with protocol adherence. Complete inclusion and exclusion criteria are listed
in the protocol (appendix). All patients provided written informed consent.

Randomisation and masking

Procedures

Patients were randomly assigned (1:1) to receive carfilzomib, lenalidomide, and
dexamethasone or lenalidomide alone as maintenance therapy, using permuted blocks
(random block sizes of 4 and 6). Randomisation was performed between day 70 and

day 120 after autologous stem-cell transplantation using a web-based system (REDCap,
Vanderbilt University, Nashville, TN, USA). Enrolment was done independently by the lead
principal investigators (AJJ and DD). Randomisation was stratified by response to previous
treatment at study entry (less than very good partial response vsvery good partial response
or better), cytogenetic risk factors (presence vsabsence of del(13) (ql14), t(4;14)(p16;q32),
t(14,16)(g32;923), del(17)(p13.1), or hypodiploidy), and site location (USA vs Poland).
Investigators and patients were not masked to treatment allocation.

Treatment was to be initiated between day 80 and day 130 after autologous stem-cell
transplantation (appendix p 1). Patients in the carfilzomib, lenalidomide, and dexamethasone
group received 8-36 cycles (as guided by the adaptive study design) of carfilzomib
(Amgen, Thousand Oaks, CA, USA) 20 mg/m? administered intravenously in cycle one

on days 1 and 2 then 36 mg/m? on days 1, 2, 8, 9, 15, and 16 in cycles one to four

and 36 mg/m? on days 1, 2, 15, and 16 from cycle five up to 36 cycles; lenalidomide
(Bristol-Myers Squibb [Celgene], New York, NY, USA) 25 mg administered orally on

days 1-21; and dexamethasone (Adamed, Pienkow, Poland, and Pfizer, New York, NY,
USA) 20 mg administered orally on days 1, 8, 15, and 22 in 28-day cycles. To limit

the risk of toxic effects and financial burden of the treatment, patients in the carfilzomib,
lenalidomide, and dexamethasone group with no detectable minimal residual disease after
cycle six (defined by the IMWG as at least 10~° sensitivity and at least a complete
response)18 and protocol-defined, standard-risk cytogenetics (ie, no high-risk cytogenetic
features) were switched to lenalidomide maintenance (best tolerated dose up to 15 mg)

as of cycle nine, as part of the risk-adapted and minimal residual disease-directed study
design. Patients in the lenalidomide group received lenalidomide 10 mg administered orally
for the first three cycles and then at the best tolerated dose (<15 mg for 28 days in

28-day cycles until disease progression or unacceptable toxicity). After 36 protocol-defined
cycles, patients in both treatment groups received or continued to receive lenalidomide
maintenance. Patients were removed from treatment in either group if they had disease
progression, unacceptable toxic effects, were non-compliant with the study procedures,
withdrew consent, or required alternative therapy. All patients received herpes zoster and
venous thromboembolism prophylaxis for the duration of treatment, and other concomitant
medications were permitted at the investigator’s discretion.

Lancet Oncol. Author manuscript; available in PMC 2023 July 12.
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Dose reductions, delays, or interruptions were permitted for any of the study drugs as per
protocol guidelines after the occurrence of haematological or non-haematological adverse
events (appendix). In cases when dexamethasone was discontinued due to toxic effects,
carfilzomib and lenalidomide were continued without dexamethasone if tolerated.

Radiographic assessment (x-ray skeletal survey, whole-body CT, or whole-body MRI) was
performed within 30 days before treatment initiation. Imaging was repeated throughout

the trial, if clinically indicated. Basic clinical chemistry and haematology tests were
performed at the beginning of each cycle and when clinically indicated. To characterise
disease response, serum and 24 h urine M-protein, quantitative immunoglobulins, and serum
free light chain concentrations were reported at baseline before induction and assessed at
screening and day 1 of each cycle (starting from cycle two). Bone marrow samples for
plasma cell quantification, fluorescence in situ hybridisation, and minimal residual disease
analyses were collected at screening, at the end of cycles 6, 12, 18, 24, and 36, at assessment
of response for suspected complete response, at the end of treatment, and then once per
year for up to 5 years from random assignment. Minimal residual disease was assessed by
centralised next-generation sequencing (NGS) using clonoSEQ (Adaptive Biotechnologies,
Seattle, WA, USA, limit of detection 6-8 x 1077 with input of 20 pg DNA) as the

primary method. If NGS was not available, centralised and standardised multiparametric
flow cytometry was performed (minimum sensitivity of 1075 based on the method of the
EuroFlow Consortium?9) either at the University of Chicago (Chicago, IL, USA) or Poznan
University of Medical Sciences (Poznan, Poland). If both NGS and flow cytometry results
were available, we used the most sensitive method. Adverse events were monitored at every
study visit and graded according to the NCI-CTCAE from the first dose until 30 days after
the last dose.

The primary endpoint was progression-free survival measured from randomisation to disease
progression (as assessed by investigators) or death from any cause, whichever occurred

first. Secondary endpoints were the rate of minimal residual disease negativity at 6, 12, 18,
24, and 36 months, correlation of minimal residual disease negativity with progression-free
survival, duration of minimal residual disease negativity, depth of response (according to the
IMWG criteria), improvement in the depth of response at 6 and 12 months, overall survival
(defined as time from randomisation to death from any cause), and safety.

The results of minimal residual disease at 12 months and onwards are not available at the
time of this analysis and will be provided, along with the improvement in the depth of
response at 12 months and the duration of minimal residual disease at the final analysis.

Statistical analysis

The ATLAS study aimed to enrol 180 patients (90 in each treatment group) based on
previous studies®15 showing a progression-free survival of 65% at 4 years with carfilzomib,
lenalidomide, and dexamethasone versus 43% with lenalidomide maintenance therapy.
Sample size was estimated based on detecting a hazard ratio (HR) of 0-51 (ie, 1/1-96)

for the carfilzomib, lenalidomide, and dexamethasone group relative to the lenalidomide
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group, which corresponds to the hypothesised difference in 4-year progression-free survival
under exponential assumptions, with 88% power at a two-sided significance level of 0-05
and an estimate of 96 events assuming 1-5 years of accrual and 4 years of subsequent follow-
up. An independent data and safety monitoring board evaluated the study conduct and
interim safety and efficacy data every 6 months and made recommendations to the sponsor
regarding further conduct of the study. This unplanned interim analysis was triggered by

the occurrence of 59 (61%) of the expected 96 events for the primary analysis and was
motivated partly by results from the FORTE study.16 The p values are not adjusted for the
interim nature of the comparison. Patients will continue to be followed up until the primary
analysis (time at which the last enrolled patient will reach 4 years of follow-up), without any
additional analyses of interim data.

Efficacy was analysed in the intention-to-treat population (ie, all randomly assigned patients)
and safety was analysed in the safety population (defined as all randomly assigned patients
who received at least one dose of study treatment).

The proportional hazard assumption was assessed with the Schoenfeld residuals method.
For progression-free survival and overall survival analyses, the Kaplan-Meier method was
used to calculate survival rates and the log rank test was performed to compare treatment
groups. The differences in minimal residual disease negativity rates, depth of response per
IMWG criteria, and improvement in depth of response between groups were analysed using
the XZ or Mann-Whitney U'tests. To evaluate the consistency of treatment effects, post-hoc
subgroup analyses of progression-free survival and minimal residual disease negativity
rates were conducted based on age (younger than 60 years 560 years or older), sex
(female vs male), ECOG performance status (0 vs1), International Staging System (ISS;
I-11 vs111), response after autologous stem-cell transplantation (less than very good partial
response vsvery good partial response or better), cytogenetics (standard risk vs high risk),
and the number of induction regimens (one vstwo). Another post-hoc analysis compared
progression-free survival between treatment groups in patients with standard cytogenetic
risk. We also conducted a post-hoc landmark analysis after cycle six of progression-free
survival (excluding patients who progressed or died before cycle six) in patients with
standard-risk cytogenetics and no detectable minimal residual disease that were switched
from carfilzomib, lenalidomide, and dexamethasone to lenalidomide as of cycle nine versus
those in the lenalidomide group with standard-risk cytogenetics and negative minimal
residual disease after cycle six. All the survival analyses, excluding landmark analysis,
were performed in the intention-to-treat population. Minimal residual disease negativity
for rate calculations required that patients had at least a complete response as defined in
the IMWG criteria and assessments were reported according to international harmonisation
criteria.20 Patients without trackable clonotype by NGS and unsuccessful assessment by
flow cytometry were excluded from the evaluable population, which included all other
enrolled patients. Depth of minimal residual disease assessed by NGS was analysed post
hoc. GraphPad Prism (version 9.1) was used for all statistical analyses.

This trial is registered with Clinical Trials.gov, NCT02659293 and EudraCT, 2015-002380-
42
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Role of the funding source

Results

The funders of the study had an opportunity to review the protocol and manuscript, but had
no role in the study design, data collection, data analysis, data interpretation, or writing of
the report.

Between June 10, 2016, and Oct 21, 2020, 193 patients with newly diagnosed multiple
myeloma were assessed for eligibility, of which 13 patients were ineligible. 180 were
randomly assigned to receive either carfilzomib, lenalidomide, and dexamethasone (n=93)
or lenalidomide alone (n=87; intention-to-treat population; figure 1). 178 (99%) received
at least one treatment dose (92 in the carfilzomib, lenalidomide, and dexamethasone group
v5 86 in the lenalidomide group; safety population). Baseline characteristics were balanced
between the groups (table 1). The median age of patients was 59-0 years (IQR 49:0-63.0).
84 (47%) patients were female and 96 (53%) were male.

After cycle eight, 41 (44%) of 93 patients in the intention-to-treat population were switched
from carfilzomib, lenalidomide, and dexamethasone to lenalidomide alone. Two (5%) of
these 41 patients had high-risk cytogenetics and four (10%) did not meet minimal residual
disease negativity criteria per IMWG (had less than a complete response). Hence, 35 (85%)
patients had standard-risk cytogenetics and minimal residual disease negativity. The median
duration of follow-up from randomisation was 33-8 months (IQR 20-9-42-9). At the data
cutoff on Dec 31, 2021, in addition to one patient in each group who withdrew before
treatment, 38 (41%) of 93 patients in the carfilzomib, lenalidomide, and dexamethasone
group and 50 (57%) of 87 in the lenalidomide group discontinued treatment mainly due

to disease progression and adverse events (figure 1). Dose reductions of any drug were
observed in 32 (34%) patients in the carfilzomib, lenalidomide, and dexamethasone group
and 35 (40%) patients in the lenalidomide group (appendix p 9).

For the primary endpoint analysis, the proportional hazard assumption was met (data not
shown). In the intention-to-treat population, median progression-free survival was 59-1
months (95% CI 54-8—-not estimable [NE]; events reported for 21 [23%] of 93 patients) in
the carfilzomib, lenalidomide, and dexamethasone group versus 41-4 months (33-2-65-4;
events reported for 38 [44%] of 87 patients) in the lenalidomide group (hazard ratio

[HR] 0-51 [95% CI 0-31-0-86]; p=0-012; figure 2). In a post-hoc subgroup analysis,
progression-free survival in patients with standard-risk disease was longer with carfilzomib,
lenalidomide, and dexamethasone than with lenalidomide alone (median not reached [54-8—
NE] vs65-4 months [33:2-65-4]; HR 0-37 [0-20-0-70]; appendix p 3). In a post-hoc
landmark analysis of patients with standard-risk cytogenetics and no detectable minimal
residual disease after cycle six (35 [38%] patients meeting these criteria were switched
from carfilzomib, lenalidomide, and dexamethasone to lenalidomide alone as of cycle nine
and 20 [23%] in lenalidomide group continued lenalidomide), a progression-free survival
benefit was observed in the carfilzomib, lenalidomide, and dexamethasone group (median
not reached [NE-NE] vsnot reached [15-7-NE]; HR 0.-25 [0:08-0-84]; appendix p 4).

A post-hoc forest plot of progression-free survival stratified by baseline characteristics is
shown in figure 3.
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Overall survival was not significantly different between treatment groups (HR 0-83 [95%
Cl 0-35-2-00]; p=0-68; median not reached [NE-NE], nine patients [10%] died in the
carfilzomib, lenalidomide, and dexamethasone group vs61-8 months [61-8—NE], 11 [13%]
died in the lenalidomide group; appendix p 2).

At the data cutoff, 71 (76% [95% CI 66—85]) patients in the carfilzomib, lenalidomide,

and dexamethasone group versus 62 (71% [61-80]) in the lenalidomide group reached
complete response or better, but no significant difference was observed in terms of depth

of response (p=0-71; data not shown). Improvement in depth of response after 6 months
compared with baseline assessment after autologous stem-cell transplantation, was observed
in 50 (54%) versus 38 (44%) patients (p=0-18; appendix p 7). Patients without trackable
clonotype by NGS and unsuccessful assessment by flow cytometry were excluded from

the minimal residual disease analysis (two [2%] patients in the carfilzomib, lenalidomide,
and dexamethasone group and three [3%] in the lenalidomide group). The rate of minimal
residual disease negativity evaluated after cycle six, according to the IMWG criteria,18 was
higher in the carfilzomib, lenalidomide, and dexamethasone group (48 [53%] of 91) than in
the lenalidomide group in all evaluable patients (26 [31%] of 84; p=0-0035; appendix p 5).
Post-hoc analysis of minimal residual disease after cycle six in standard-risk patients and
rates assessed by NGS are shown in the appendix (pp 5-6). Minimal residual disease rates
stratified by baseline characteristics are also shown in the appendix (p 10).

Adverse events in the safety population are summarised in table 2. Grade 1-2 adverse

events were slightly more frequent in the carfilzomib, lenalidomide, and dexamethasone
group (86 [93%] of 92 vs71 [83%] of 86 in the lenalidomide group), including higher
proportions of lymphopenia (11 [12%] vssix [7%]) and anaemia (11 [12%] vsone [1%)]) for
haematological toxic effects and upper respiratory tract infections (51 [55%] vs 36 [42%)]),
fever (16 [17%] vstwo [2%]), and diarrhoea (27 [29%] vs 17 [20%]) for non-haematological
toxic effects. Grade 3 and 4 adverse events occurred in 70 (76%) patients in the carfilzomib,
lenalidomide, and dexamethasone group versus 63 (73%) in the lenalidomide group and
were generally balanced between groups. The most common grade 3 and 4 adverse events
were neutropenia (44 [48%] vs52 [60%]), thrombocytopenia (12 [13%] vssix [7%]), and
lower respiratory tract infections (seven [8%] vsone [1%]; appendix pp 11-12). Adverse
events that led to treatment discontinuation occurred in four (4%) patients in the carfilzomib,
lenalidomide, and dexamethasone group and ten (12%) in the lenalidomide group (figure 1).
Serious adverse events were reported in 28 (30%) patients in the carfilzomib, lenalidomide,
and dexamethasone group and 19 (22%) in the lenalidomide group, with lower respiratory
tract infections as the most common serious adverse event in both groups (11 [12%] vsthree
[3%]; appendix p 13). One treatment-related adverse event led to death (respiratory failure
due to severe pneumonia) in the carfilzomib, lenalidomide, and dexamethasone group. There
were three second primary malignancies reported (one in the carfilzomib, lenalidomide, and
dexamethasone group vstwo in the lenalidomide group).

Discussion

In this interim analysis of the ATLAS study, we showed that minimal residual disease-
directed and risk-adapted treatment with carfilzomib, lenalidomide, and dexamethasone for
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8-36 cycles might offer a progression-free survival benefit compared with lenalidomide
alone as maintenance therapy after autologous stem-cell transplantation in patients with
newly diagnosed multiple myeloma. To our knowledge, this study is the first randomised
phase 3 trial suggesting superiority of an alternative maintenance therapy to lenalidomide
alone.

Our results are in line with the randomised phase 2 FORTE trial, in which the addition

of carfilzomib to lenalidomide as maintenance therapy improved progression-free survival
compared with lenalidomide alone in patients who completed four cycles of carfilzomib-
based consolidation after autologous stem-cell transplantation or 12 cycles of carfilzomib-
based induction in those who deferred transplantation.1® Despite differences, both studies
showed that extended treatment with carfilzomib and lenalidomide with or without
dexamethasone after initial therapy can improve progression-free survival in transplantation
candidates with newly diagnosed multiple myeloma. Indirectly, our results are also in line
with results from the phase 3 CASSIOPEIA2! and phase 2 GRIFFIN trials.?2 Both of

these studies indicate a progression-free survival benefit with extended daratumumab-based
multidrug treatment after autologous stem-cell transplantation, although the comparator
group in CASSIOPEIA was observation only and no second randomisation was performed
in GRIFFIN. Although these two studies evaluated maintenance strategies with defined
induction courses, this ATLAS study enrolled patients after any induction regimen, making
our results possibly more generalisable to current clinical practice. Notably, most patients
in our study received triplet induction with a proteasome inhibitor, an immunomodulatory
drug, and dexamethasone, which reflected the standard of care for induction at the time of
enrolment.

In this interim analysis, a reduction in the risk of disease progression or death by adding
carfilzomib and dexamethasone to lenalidomide was observed for all enrolled patients

and in subsets of patients younger than 60 years, females, and those with 1SS stage

I-11 disease, ECOG performance status 0, very good partial response or better after
transplantation, two induction regimens, and standard cytogenetic risk. The effects on
other subsets, including subsets of patients with high-risk cytogenetics and ISS stage 111
disease, were not statistically significant. These findings might appear counterintuitive,
especially considering the results of the phase 2 trial of carfilzomib, lenalidomide, and
dexamethasone with autologous stem-cell transplantationl® and the FORTE trial, 16 which
indicated a progression-free survival benefit with extended carfilzomib and lenalidomide
with or without dexamethasone for a subset of high-risk patients after autologous stem-
cell transplantation. Different induction regimens between studies, an insufficiently small
number of events in this subset analysis to draw definite conclusions, and a study design
not powered to answer these questions might explain our results. Including del(13)(q14) or
hypodiploidy in the high-risk subset (both no longer considered high-risk features in the
MSMART guidelines by the Mayo Clinic) should not affect our results because none of the
enrolled patients had either of these two as a sole lesion. Longer follow-up, which would
include additional evaluations of minimal residual disease at later timepoints, might provide
a more definitive assessment for patients with these characteristics.
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The ATLAS study design included minimal residual disease-directed and risk-adapted
duration of carfilzomib, lenalidomide, and dexamethasone treatment, which was based

on observations from previous studies.1>:23 The post-hoc landmark analysis showed that
patients without high-risk disease and no detectable minimal residual disease have a
reduced risk of disease progression or death when given carfilzomib, lenalidomide,

and dexamethasone for eight cycles and then lenalidomide versus those who received
lenalidomide alone. Planned assessment of minimal residual disease at later timepoints,
especially sustained minimal residual disease negativity in both groups, might provide
additional information to improve the evaluation of outcomes. To fully validate this
approach, a randomised comparison of patients who receive carfilzomib, lenalidomide, and
dexamethasone deescalation with those who have the same characteristics but are treated
for 36 cycles with carfilzomib, lenalidomide, and dexamethasone would be needed. To date,
results seem to support an adaptive approach to prevent overtreatment of a considerable
number of patients. Minimal residual disease-guided treatment deescalation or cessation in
patients with standard-risk disease or with only one risk factor showed progression-free
survival rates of 91% for standard risk (97% for one risk factor) at 2 years in the MASTER
trial24 and 86% for standard risk at 3 years in a phase 2 study by Derman and colleagues.?

An understandable concern might arise that extended treatment with carfilzomib,
lenalidomide, and dexamethasone after transplantation might be too toxic or difficult

to sustain compared with the generally well tolerated and more convenient treatment
with lenalidomide. Analysis of adverse events indicates that the incidence of grade 1

and 2 events, including the rates of cardiac and vascular events, was slightly higher in

the carfilzomib, lenalidomide, and dexamethasone group. There was also slightly higher
incidence of grade 3 and 4 haematological events, infections, and serious adverse events in
the carfilzomib, lenalidomide, and dexamethasone group compared with the lenalidomide
group. However, we observed a similar rate of discontinuation due to adverse events and
low but similar rates of dose modifications in both groups. Assessing to what extent

the shortening of carfilzomib, lenalidomide, and dexamethasone treatment in patients
with standard-risk and minimal residual disease negativity at cycle six contributed to
limiting toxicities was not possible with this study design. Overall, the toxicity and
efficacy results indicate a favourable therapeutic index for carfilzomib, lenalidomide,

and dexamethasone, which might be considered when making informed decisions about
treatment after autologous stem-cell transplantation.

The main limitation of our results is the interim nature in the absence of a prespecified
stopping rule for the efficacy evaluation. This interim analysis was prompted by results
from the FORTE triall6 and investigators’ impression that carfilzomib, lenalidomide, and
dexamethasone treatment generates superior results to lenalidomide at the time when the
study reached 59 (61%) of the expected 96 events, which was deemed justifiable for

this analysis. Other limitations include the low number of patients in both groups, which
was sufficient for the evaluation of primary progression-free survival but not powered for
statistical comparisons among subgroups, and the short follow-up. Using two different
methods for minimal residual disease assessment can also be perceived as a limitation, with
the flow method used when NGS was not available. As per the study design, minimal
residual disease results were required for de-escalation of treatment after cycle eight,
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provided that the IMWG criteria were met, regardless of the method used. Therefore, using
two methods of minimal residual disease assessment at cycle six should have minimal
effect on the results. Not including a cohort of patients with standard-risk disease and
minimal residual disease negativity at cycle six who continued carfilzomib, lenalidomide,
and dexamethasone treatment for 36 cycles also limits the evaluation of this approach.
Therefore, these findings need to be interpretated with caution while awaiting the final
analysis planned at 4 years of follow-up from the time of enrolment of the last patient.

In conclusion, this interim analysis provides support for considering carfilzomib,
lenalidomide, and dexamethasone therapy in patients with newly diagnosed multiple
myeloma who completed any induction regimen followed by autologous stem-cell
transplantation. The treatment regimen and outcomes require further confirmation with a
longer follow-up of this ongoing trial (NCT02659293).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed for articles published between database inception, and

Aug 1, 2022, using the search terms “myeloma”, “maintenance”, “transplant”, or
“lenalidomide”. Several studies investigated maintenance strategies for patients with
multiple myeloma after autologous stem-cell transplantation. Continuous lenalidomide
maintenance has been established as the standard of care in this setting. Bortezomib,
ixazomib, and daratumumab showed an improvement of progression-free survival

after transplantation compared with placebo or no treatment, but none of these

therapies have been directly compared with lenalidomide maintenance. The value of

an alternative to maintenance therapy with lenalidomide alone or as a combination,
initiated after autologous stem-cell transplantation or as part of an extended treatment
schedule (including induction or consolidation, or both, after autologous stem-cell
transplantation followed by maintenance), is being investigated in several ongoing studies
(NCT02495922, NCT03617731, NCT04071457, NCT04786028, and NCT03901963).
Carfilzomib, lenalidomide, and dexamethasone is indicated for the treatment of patients
with relapsed or refractory multiple myeloma and recommended in some guidelines

for patients with newly diagnosed myeloma. The use of carfilzomib, lenalidomide, and
dexamethasone for patients with newly diagnosed myeloma as part of extended treatment
before and after autologous stem-cell transplantation (NCT01816971), provided rationale
for using this regimen as maintenance therapy in our study. A short course of bortezomib,
lenalidomide, and dexamethasone as consolidation therapy after autologous stem-cell
transplantation improved progression-free survival compared with lenalidomide alone

in the phase 3 EMN02/HOVONOS5 trial but not in the STaMINA trial. The phase 2
FORTE trial, published in 2021, showed an improvement of progression-free survival
after carfilzomib was added to lenalidomide compared with lenalidomide alone in
patients who completed carfilzomib, lenalidomide, and dexamethasone or carfilzomib,
cyclophosphamide, and dexamethasone induction and consolidation before and after
autologous stem-cell transplantation or extended induction and consolidation without
autologous stem-cell transplantation.

Added value of this study

We report preliminary results of the ATLAS study, which to our knowledge is the first
randomised phase 3 study to compare the efficacy and safety of maintenance therapy with
carfilzomib, lenalidomide, and dexamethasone versus lenalidomide alone (standard of
care) after autologous stem-cell transplantation. These early results suggest that ATLAS
will meet the primary endpoint of improved progression-free survival. As expected, we
observed a slightly greater number of toxic effects (but an acceptable level of safety

and tolerability) in the carfilzomib, lenalidomide, and dexamethasone group than in

the lenalidomide alone group, which indicates an overall favourable therapeutic index.
Additionally, using a minimal residual disease-directed and risk-adapted design, we show
that to reduce the number of toxic effects with extended carfilzomib, lenalidomide, and
dexamethasone treatment, patients with standard-risk disease who reach minimal residual
disease negativity after six cycles of treatment can deescalate to maintenance with
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lenalidomide alone while maintaining the benefit conferred by carfilzomib, lenalidomide,
and dexamethasone.

Implications of all the available evidence

When interpreted together with the FORTE trial, our results further support a role

of carfilzomib and lenalidomide with or without dexamethasone as the possible new
standard of care in maintenance therapy after autologous stem-cell transplantation.
Additionally, we show that cytogenetic risk or minimal residual disease-guided therapy
(or both) might contribute to limiting toxicity while maintaining efficacy, contributing

to further development of treatment strategies with some results already reported
(MASTER trial and the NCT02969837 trial) and several ongoing phase 3 trials (with
risk-guided and minimal residual disease-guided study designs). Similar to the key
lenalidomide maintenance studies, this study evaluated maintenance in patients who
completed any induction regimen, making the results more generalisable for the selection
of maintenance therapy after autologous stem-cell transplantation, which could be
implemented in a clinical setting. Longer follow-up of ATLAS will allow confirmation of
these results and assessment of sustained minimal residual disease negativity, efficacy in
patients with high-risk disease, and overall survival.
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| 193 patients assessed for eligibility ‘
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93 assigned carfilzomib, lenalidomide, 87 assigned lenalidomide
and dexamethasone
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2 adverse events . 10 adverse events

1 disease progression 4 participant decisiont
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Figure 1: Trial profile
*Two patients had progressive disease, one withdrew consent, one did not have cytogenetics

results, one had suspected other malignancy, one had cardiac contraindications, and seven
did not meet eligibility criteria. TTwo of four patients completed 36 cycles per protocol

and refused further treatment with lenalidomide. +35 met criteria for treatment deescalation
(standard-risk cytogenetics and minimal residual disease negativity after cycle six). Of the
remaining six patients (included in analyses of all patients in the carfilzomib, lenalidomide,
and dexamethasone group), two had high-risk cytogenetics (analysed together with other
high-risk patients in subset analyses) and four had standard-risk cytogenetics (analysed with
standard-risk patients in subset analyses) and minimal residual disease negativity (but not a
complete response or better). 8Four of seven and two of three patients in the carfilzomib,
lenalidomide, and dexamethasone group completed 36 cycles per protocol and refused
further treatment with lenalidomide.
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Figure 2: Kaplan-Meier estimates of progression-free survival (intention-to-treat population)
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Carfilzomib, lenalidomide, and Lenalidomide group (n=87) Hazard ratio

dexamethasone group (n=93) (95% Cl)

Events/ Median Events/ Median

patients (%) progression-free patients (%)  progression-free

survival, months survival, months
(95% C1) (95% Cl)
Age (years)
<60 9/56 (16%)  54-8 (54-8-NE) 21/47 (45%)  41-4(33-2-65-4) — 035(0-17-0-73)
=60 12/37(32%)  59.1(27.4-NR) 17/40 (43%)  NR(28.8-NE) —— 0-82 (0-39-1-70)
Sex
Female 10/49(20%)  591(402-NE) 22/35(63%) 309 (20-1-41-4) — 030 (0-15-0-60)
Male 11/44 (25%)  54-8 (54-8-NE) 16/52 (31%) 654 (36-5-65-4) —— 0-88(0:41-1-89)
Eastern Cooperative Oncology Group performance status
0 9/46 (20%) 591 (54-8-NE) 17/33(52%)  21-1(15-5-NE) — 0-25 (0-11-0-58)
1 12/47 (26%)  NR (36-0-NE) 21/54(39%) 654 (35:9-65-4) — 0-82(0-41-1-64)
International Staging System stage
- 13/78 (17%)  59-1(54-8-NE) 30/70 (43%)  41-4(33-2-65-4) —— 0-37(0-20-0-67)
n 8/15(53%)  27-4(13-7-NE) 8/17 (47%)  37-2(15-2-NE) ———— 1.57 (0-57-4-29)
Response after autologous stem-cell transplantation
Very good partial response or better 20/82(24%)  59-1(54-8-NE) 36/80(45%) 41-4(32-8-65-4) —— 0-54(0-32-0-91)
Less than very good partial response 1/11(9%) NR (29-7-NE) 2/7 (29%) NR (9-1-NE) * 0-46 (0-05-4-46)
Cytogenetic risk
Standard 11/72(15%)  NR (54-8-NE) 29/69 (42%) 654 (33-2-65-4) —— 0-37 (0-20-0:70)
High 10/21(48%)  40-2 (14-7-59-1) 9/18 (50%)  34-1(9-8-NE) — 0.74.(0-30-1-86)
Number of induction regimens
One 20/86 (23%)  54-8 (54-8-NE) 34/82 (41%) 654 (33-2-65-4) — e+ 0-59 (0-34-1-00)
Two 1/7(14%)  NR(14:7-NE) 4/5(80%)  37-2(9-8-414) - 012 (0-02-0.76)
Overall 21/93(23%)  59-1(54-8-NE) 38/87 (44%) 41-4(33-2-65-4) — 0-51(0-31-0-86)
M T T T TTTTIT UNELEURELEL T T TTTTN
0-01 0-03 01 02 - . 100
+— —»
Favours carfilzomib, lenalidomide, and Favours lenalidomide
dexamethasone

Figure 3: Post-hoc subgroup analysis of progression-free survival
NE=not estimable. NR=not reached.
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Baseline characteristics

Table 1:

Page 22

Carfilzomib, lenalidomide, and dexamethasone (n=93)

Lenalidomide (n=87)

Age, years
Sex
Female
Male
Race
White
Black
Not reported
Ethnicity
Non-Hispanic
Not reported
Site location
Poland
USA
Baseline ECOG performance status
0
1
ISS stage
|
I
1
VGPR or better at enrolment
Cytogenetic profile
Standard risk
High risk *
Time from autologous stem cell transplantation, days
Type of induction
Bortezomib, thalidomide, and dexamethasone

Bortezomib, cyclophosphamide, and dexamethasone

Other”

Previous treatment
Lenalidomide-containing regimen
Carfilzomib-containing regimen

Number of induction regimens
One

Two

57.0 (49.0-63.5)

49 (53%)
44 (47%)

86 (92%)
5 (5%)
2 (2%)

91 (98%)
2 (2%)

82 (88%)
11 (12%)

46 (49%)
47 (51%)

39 (42%)
39 (42%)
15 (16%)
82 (88%)

72 (77%)
21 (23%)
92.0 (74.5-114.5)

64 (69%)
14 (15%)

15 (16%)

10 (11%)
4 (4%)

86 (92%)
7 (8%)

59.0 (49.0-63.0)

35 (40%)
52 (60%)

81 (93%)
4 (5%)
2 (2%)

84 (97%)
3 (3%)

77 (89%)
10 (11%)

33 (38%)
54 (62%)

28 (32%)
42 (48%)
17 (20%)
80 (92%)

69 (79%)
18 (21%)
98.0 (80.0-124.0)

53(61%)
17 (20%)

17 (20%)

11 (13%)
5 (6%)

82 (94%)
5 (6%)

Data are median (IQR) or n (%). ECOG=Eastern Cooperative Oncology Group. ISS=International Staging System. VGPR=very good partial

response.
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Presence of del(13)(q14), t(4;14)(p16;q32), t(14;16)(q32;923), del(17)(p13.1), or hypodiploidy.

fOther induction regimens included carfilzomib, lenalidomide, and dexamethasone; bortezomib and dexamethasone; bortezomib, thalidomide,
dexamethasone, cisplatin, doxorubicin, cyclophosphamide, and etoposide; bortezomib, doxorubicin, and dexamethasone; and bortezomib,

lenalidomide, and dexamethasone.
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Summary of adverse events in all patients who received treatment (safety population)

Table 2:

Carfilzomib, lenalidomide, and dexamethasone (n=92)

L enalidomide (n=86)

Grade 1-2 Grade 3 Grade 4 Grade1-2 Grade3 Grade4
Overall 86 (93%) 57 (62%) 13 (14%) 71(83%) 60 (70%) 3 (3%)
Haematological 28 (30%) 46 (50%) 11 (12%) 16 (19%) 51 (59%) 2 (2%)
Anaemia 11 (12%) 3 (3%) 1 (1%) 1 (1%) 0 0
Neutropenia 4 (4%) 36 (39%) 8 (9%) 3 (3%) 50 (58%) 2 (2%)
Thrombocytopenia 11 (12%) 8 (9%) 4 (4%) 8 (9%) 5 (6%) 1(1%)
Lymphopenia 11 (12%) 5 (5%) 0 6 (7%) 2 (2%) 0
Non-haematological 85 (92%) 27 (29%) 2 (2%) 71 (83%) 26 (30%) 1 (1%)
Diarrhoea 27 (29%) 1(1%) 0 17(20%) 2(2%) O
Nausea or vomiting 12 (13%) 0 0 3 (3%) 0 0
Fatigue 10 (11%) 0 0 4 (5%) 0 0
Fever 16 (17%) 0 0 2 (2%) 0 0
Pain 13 (14%) 0 0 11(13%) 0 0
Influenza-like symptoms 11 (12%) 1(1%) 0 5 (6%) 1 (1%) 0
Febrile neutropenia 0 3 (3%) 1 (1%) 0 5 (6%) 0
Upper respiratory tract infection 51 (55%) 5 (5%) 0 36 (42%) 3 (3%) 0
Lower respiratory tract infection 8 (9%) 6 (7%) 1 (1%) * 4 (5%) 1 (1%) 0
Aminotransferase increase 20 (22%) 5 (5%) 0 9 (10%) 0 0
Electrolyte abnormalities 11 (12%) 2 (2%) 0 6 (7%) 2 (2%) 0
Hyperglycaemia 5 (5%) 2 (2%) 0 3 (3%) 0 0
Skin infection 5 (5%) 1 (1%) 0 9 (10%) 1 (1%) 0
Neuropathy 8 (9%) 0 0 10 (12%) 1 (1%) 0
Thromboembolic events 1 (1%) 1 (1%) 0 1 (1%) 2 (2%) 0
Second primary malignanciesf 1 (1%) 0 0 2 (2%) 0 0
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Data are n (%). Grade 1-2 adverse events in 10% or more patients and grade 3-4 in two or more patients in either treatment group are shown.

*
There was a treatment-related death associated with this adverse event (grade 5). No other grade 5 adverse events were recorded.

fSecond primary malignancies are not graded.

Lancet Oncol. Author manuscript; available in PMC 2023 July 12.



	Summary
	Introduction
	Methods
	Study design
	Participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1:
	Table 2:

