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Universitätsmedizin Berlin, Berlin, Germany, 10Institute of Medical Biometry and Statistics, University of
Lübeck, Lübeck, Germany, 11Center for Clinical Trials, University of Lübeck, Lübeck, Germany
Newly diagnosedmultiple myeloma patients who are eligible for transplant usually

receive several induction cycles of therapy, followed by one or two cycles of high-

dose melphalan and autologous stem cell transfusion. In myeloma patients, high-

dose melphalan improves overall survival and progression-free survival. However,

melphalan exposure increases the risk of secondary malignancies and may lead to

the transformation of residual myeloma cells into more aggressive clones, which

may accelerate relapse. It remains to be determined whether low-risk patients also

derive additional benefit from high-dose melphalan therapy compared with less

toxic regimens. Here we publish the study protocol of amulticenter, interventional,
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controlled, randomized, prospective and open-label phase II trial to investigate

whether patientswith a low-risk profile (R-ISS stage I, characterized by a low tumor

burden and the absence of negative cytogenetic findings or elevated LDH levels)

and a standard-risk gene expression profile (using the SKY92 GEP assay) can be

sufficiently treatedwith intensified consolidation regimenswithout prior high-dose

melphalan chemotherapy. The primary objective is to assess whether three cycles

of isatuximab, bortezomib, lenalidomide and dexamethasone (I-VRd) followed by

stem cell apheresis and three additional cycles of I-VRd will result in a non-inferior

rate of complete remission (CR) combined with MRD-negativity at week 40 after

the start of induction therapy compared to three cycles of I-VRd followed by

standard of care treatment (such as stem cell apheresis, high-dose melphalan, and

autologous stem cell transplantation). We hypothesize that this approach could

reduce toxicity, cost of treatment and the likelihood of the development of a more

malignant plasma cell clone, while improving overall survival (OS) and progression-

free survival (PFS) in newly diagnosed low risk myeloma patients.

EU Trial Number: 2022-500453-16-00, https://clinicaltrials.gov/study/NCT05665140,

identifier NCT05665140. Registration Date: 21.07.2022.
KEYWORDS

newly diagnosed multiple myeloma, clinical trial, high-dose melphalan, autologous
stem cell transfusion, isatuximab, MRD, personalized therapy
1 Introduction

Multiple myeloma is a malignant disease of the bone marrow

characterized by clonal expansion of plasma cells (1, 2). Current

guidelines recommend that newly diagnosed, transplant-eligible

patients with multiple myeloma (NDMMTE) undergo several

cycles of induction, followed by one or two cycles high-dose

melphalan (HDM) and autologous stem cell transfusion (ASCT)

(3). With the introduction of novel agents in recent years, the

prognosis for multiple myeloma patients has improved

significantly. Modern induction therapy typically consists of

quadruplet regimens with an immunomodulator (thalidomide or

lenalidomide), a proteasome inhibitor, dexamethasone and most

recently a CD38-targeting antibody. The addition of CD38-directed

monoclonal antibodies has significantly improved outcome in

myeloma patients (4). Isatuximab, the antibody used in this trial,

has shown a progression-free survival benefit in both newly

diagnosed and relapsed and refractory MM (5, 6).

Induction is followed by stem cell mobilization and either one

or two cycles of high-dose melphalan chemotherapy. Current

guidelines recommend a second cycle of high-dose melphalan

followed by autologous stem cell transplantation in the presence

of high-risk cytogenetic findings, an initial R-ISS stage III, or if the

patient does not achieve at least a partial remission after the first

cycle of high-dose melphalan according to the International

Myeloma Working Group (IMWG) response criteria (7). Patients

will then either receive 2-3 cycles of consolidation therapy followed
02
by lenalidomide maintenance, or proceed directly to lenalidomide-

based maintenance until disease progression or intolerable toxicity

(3, 8). In conclusion, all NDMMTE patients receive at least one

cycle of high-dose melphalan according to current guideline

recommendations. However, HDM/ASCT is associated with a

high rate of acute toxicities such as cytopenia, infections and

gastrointestinal complications, as well as an increased risk of

developing secondary malignancies (9). Preliminary data and

published reports also suggest that exposure to high doses of the

genotoxic drug melphalan may convert residual malignant

myeloma cells into more aggressive clones and alter stromal

tissue, potentially accelerating relapse (10–12). Across all risk

groups high-dose melphalan therapy generally improves OS and

PFS, despite a higher rate of toxicity.

However, given the favorable long-term prognosis of low-risk

myeloma in the era of quadruplet therapy and the side effects of

autologous stem cell transplantation, it is unclear whether HDM/

ASCT remains the best treatment option for this subgroup. In this

study low risk patients are defined by a R-ISS stage I (based on

albumin, b2-microglobulin, lactate dehydrogenase, and high-risk

cytogenetic aberrations) and a gene expression profile indicating a

standard risk of relapse. Gene expression analysis of malignant bone

marrow cells is performed using a standardized CE-certified gene

expression array, the MMprofiler™. It enables risk prediction based

on analyses of the expression pattern of 92 genes in CD138-positive

plasma cells from fresh bone marrow aspirates. The results of the

gene expression analysis are binary and distinguish between
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standard and high risk and its prognostic value has been

demonstrated in several retrospective analyses involving more

than 3,000 MM (13–15). Gene expression analysis is not yet part

of routine clinical diagnostics, but could become a valuable tool for

more personalized, risk-stratified myeloma therapy in the future.

The aim of this study is to determine whether patients with a

low risk profile can be adequately treated with an intensified

consolidation regimen consisting of isatuximab, bortezomib,

lenalidomide and dexamethasone (I-VRd) followed by stem cell

apheresis and three additional cycles of I-VRd in the absence of

upfront high-dose melphalan chemotherapy. This will be compared

to three cycles of I-VRd followed by standard of care treatment

(such as stem cell apheresis, high-dose melphalan, and autologous

stem cell transplantation) in the standard arm. The primary

objective is to show non-inferiority of the experimental arm

compared to the control arm regarding the rate of patients with

MRD negativity combined with at least CR response according to

IMWG criteria at week 40 after start of induction therapy.

We hypothesize that this approach could reduce toxicity, cost of

treatment and the likelihood of the development of a more

malignant plasma cell clone, while improving overall survival

(OS) and progression-free survival (PFS) in newly diagnosed low

risk myeloma patients.
2 Methods

2.1 Study design

This is a multi-center, interventional, controlled, randomized,

prospective, open-label phase II trial with an adaptive statistical

design. The target patient cohort consists of NDMMTE patients

characterized by R-ISS stage I and a standard risk gene expression

pattern of isolated plasma cells using the SKY92 GEP assay. The

standardized CE-certified gene expression array, the MMprofiler™,

allows accurate prediction of high-risk disease based on the SKY92

risk signature, which calculates a risk score based on the expression of

92 genes from malignant plasma cells.

The trial will measure the impact and calculate the risk-benefit

ratio of three cycles of I-VRd, stem cell apheresis and high-dose

melphalan followed by autologous stem cell transplantation and

isatuximab and lenalidomide based maintenance therapy as a

standard treatment group (with no trial-specific intervention

regarding intensification of therapy) compared to the experimental

group treated with three cycles of I-VRd, stem cell apheresis and three

subsequent cycles of I-VRd followed by isatuximab and lenalidomide

basedmaintenance therapy. Patients enrolled in this trial will undergo a

screening visit to ensure that they meet all inclusion and no exclusion

criteria. All eligible participants will start with I-VRd induction

treatment and will undergo stem cell collection. This will allow

patients in the experimental arm to receive subsequent high-dose

melphalan treatment in the event of a relapse. After 3 cycles of I-

VRd induction treatment, all patients who achieve at least partial

remission according to the International Myeloma Working Group

(IMWG) criteria will be randomized 1:1 to receive either standard

treatment (high-dose melphalan followed by ASCT as suggested by
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local and national guidelines) or three further cycles of I-VRd.

Randomization takes place on site at the respective trial site. A web-

based randomization platform is used to ensure allocation concealment

(www.randomizer.at). Block randomization with varying block

length stratified by trial site will be applied. Only designated

personnel at each trial site will have access to the randomization

platform via a personalized, password-protected login.

The primary endpoint is minimal residual disease (MRD)

negativity combined with a response of at least complete remission

(≥CR) (MRDneg + ≥CR) at week 40 after the start of induction therapy

(18 weeks after randomization either immediately following

consolidation cycle 3 in the experimental arm or 112-126 days after

the start of high-dose melphalan in the standard arm). MRD negativity

is measured by flow cytometry and is defined as less than one

malignant myeloma cell per 105 non-malignant cells. Response is

assessed according to IMWG criteria. Patients who do not achieve at

least VGPR will stop study treatment, enter the follow-up period and

will be treated according to local standards, while all other patients will

receive maintenance with isatuximab and lenalidomide. A schematic

overview of the study design is shown in Figure 1.

Secondary objectives are to detect possible differences in MRD

negativity at week 40, year 1 and year 2 and to detect possible

differences in MRD negativity combined with ≥CR rate at year 1

and year 2. Also, to characterize both arms in terms of overall

survival (OS), progression-free survival (PFS), time to next

treatment, overall response rate (ORR) and quality of life. Finally,

the safety profile of both arms will be evaluated in terms of adverse

events (AEs) and toxicities. An accompanying research project aims

to investigate the molecular and phenotypic characteristics of

myeloma cells and their microenvironment in the patient’s bone

marrow during treatment. Specifically, this scientific program aims

to measure differences in gene expression signatures, metabolic

changes, and epigenetic patterns of myeloma cells in relapsed

patients exposed to high-dose chemotherapy compared to

relapsed patients not exposed to high-dose chemotherapy.

In summary, the aim of this trial is to achieve a more

personalized treatment by combining the results of the gene

expression array with the revised international staging system (R-

ISS). For patients with R-ISS stage I and the absence of high-risk

disease as determined by the SKY92 signature (GEP-SR), we

propose a therapeutic approach that does not require high-dose

chemotherapy as part of first-line therapy.
2.2 Study population

The target patient cohort consists of NDMMTE patients

characterized by R-ISS stage I and a standard risk gene expression

pattern of isolated plasma cells using the SKY92 GEP assay. We

plan to enroll 100 patients to ensure a sufficient number of patients

for evaluable MRD measurement and response assessment at week

40. R-ISS stage I patients represent approximately 25% of all

NDMMTE patients. Therefore, approximately 400 patients need

to be pre-screened to determine if they meet the criteria for R-ISS

stage I. Patients who are eligible and willing to be enrolled in the

trial will be further screened by obtaining bone marrow samples to
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determine gene expression patterns in myeloma cells. For the

current clinical trial, we will enroll patients based on inclusion

and exclusion criteria that are standard for NDMMTE patient study

groups. The exact inclusion and exclusion criteria can be found in

the Supplementary Appendix. Patients must have newly diagnosed,

untreated, symptomatic, documented myeloma (according to the

revised 2014 CRAB criteria, see Appendix 1) with clonal bone

marrow (BM) plasma cells ≥10% or biopsy-proven osseous or

extramedullary plasmacytoma. Additionally, one or more of

the following myeloma defining events must be present:

Hypercalcemia, renal insufficiency, anemia and bone lesions, a

clonal bone marrow plasma cell percentage ≥60% and/or a

involved: uninvolved serum free light chain ratio ≥100. With

regards to risk stratification identification of a standard gene

expression pattern of isolated plasma cell based on SKY92 GEP

assay and proof of low-risk myeloma as defined by the revised

International Staging System (R-ISS) by the International Myeloma

Working Group (IMWG) is obligatory for this study. Exclusion

criteria are detailed in the Supplementary Appendix, but include

central nervous system (CNS) involvement, plasma cell leukemia,

Waldenström’s macroglobulinemia, POEMS syndrome or clinically

significant amyloidosis, non-secretory MM or active infection and

evidence of another malignancy.
2.3 Study medication

All patients enrolled in this trial will receive I-VRd (isatuximab,

bortezomib, lenalidomide and dexamethasone) as induction
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therapy. With all the limitations of comparing different trials, it

appears that the combination of VRd (bortezomib, lenalidomide

and dexamethasone) is superior to the current standard of care VTd

(bortezomib, thalidomide and dexamethasone) in terms of better

response rates and a lower rate of side effects such as

polyneuropathy (16–18). Both bortezomib and lenalidomide have

a well-defined safety profile in the treatment of multiple myeloma.

The I-VRd induction regimen used in this trial has previously been

evaluated in a phase III multiple myeloma trial (HD 7 trial), the

final analysis of which is pending, but to date no excess lethal

toxicity has been reported (19). In addition, there is strong evidence

that bortezomib-based induction and lenalidomide-based

maintenance regimens are associated with improved response

rates (20).

2.3.1 Lenalidomide
Lenalidomide is a derivative of thalidomide and is commercially

marketed as Lenalidomid® Hexal by Hexal AG. Lenalidomide has

been extensively studied in clinical trials. As part of an induction

regimen (VRd) and subsequent use of high-dose melphalan,

autologous stem cell transfusion and maintenance lenalidomide

has shown substantial anti-myeloma activity and good long-term

disease control. Lenalidomide has been used in various studies as

part of the first-line treatment of patients with NDMMTE, but is not

yet approved in this indication (16, 17, 21).

2.3.2 Isatuximab
Isatuximab is an immunoglobulin (Ig) G1 monoclonal antibody

(mAb) that binds selectively to the human cell surface antigen
FIGURE 1

Concept of the ELIAS-study. Patients with R-ISS stage I will be asked if they are willing to undergo further evaluation by bone marrow sampling.

Patients with R-ISS I and a standard plasma cell expression pattern as determined by the MMprofiler™ with SKY92 are eligible for the trial. All eligible
patients who agree to participate in the trial will initially receive three cycles of I-VRd induction therapy. All patients will undergo stem cell
mobilization and apheresis. Response will be assessed after stem cell apheresis. All patients who have achieved at least a partial remission (PR)
according to the International Myeloma Working Group criteria will be randomized 1:1 to receive either standard of care (e.g. high-dose melphalan
according to local and national guidelines) or three further cycles of I-VRd. The primary endpoint of MRD negativity combined with CR according to
IMWG criteria will be assessed at week 40. All patients who have achieved at least a very good partial response (VGPR) will proceed to maintenance
therapy. ASCT, Autologous stem cell transplantation; HDM, High-dose melphalan, I-VRd, Isatuximab, bortezomib, lenalidomide, dexamethasone;
MRD, Minimal residual disease; PR, Partial response; SC/Aph, Stem cell mobilization and apheresis; VGPR, Very good partial response.
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molecule classified as cluster of differentiation 38 (CD38) which is

expressed on myeloma cells. Isatuximab is able to destroy CD38-

expressing tumor cells through several mechanisms, including

antibody-dependent cellular cytotoxicity (ADCC), antibody-

dependent cellular phagocytosis (ADCP), complement-dependent

cytotoxicity (CDC) and direct apoptosis. Binding of isatuximab to

CD38 expressed on immune cells triggers immunomodulatory

functions. Isatuximab can activate NK cells and increase their

lytic activity (22, 23).

2.3.3 Dexamethasone
Dexamethasone is a potent synthetic member of the

glucocorticoid class of steroids, with anti-allergic, anti-

inflammatory, and immunosuppressive properties. Dexamethasone

will be applied orally as tablets and i.v. as injection and has a

marketing authorization under different trade names, e.g.

Fortecortin® (24).

2.3.4 Bortezomib
Bortezomib is a proteasome inhibitor with anti-myeloma

activity. Bortezomib is administered subcutaneous and is

marketed under several trade names, including Velcade® (25).

2.3.5 Cyclophosphamide
Cyclophosphamide is approved in Germany for the treatment

of multiple myeloma. It is often used as part of first-line treatment

to facilitate stem cell apheresis (26). The use of cyclophosphamide

followed by stem cell apheresis is not a study-specific therapeutic

intervention and is not part of the trial.

2.3.6 Melphalan
High-dose melphalan (140-200mg/m² depending on renal

function) followed by stem cell transfusion is the standard of care

for NDMMTE. In this trial, patients who are randomized to the

standard arm will receive melphalan according to local guidelines.

This regimen of high-dose melphalan and stem cell rescue is the

current standard of care and is not a trial-specific therapeutic

intervention (3, 27).
2.4 Statistical analysis

The statistical analyses will be performed according to ICH E9

guideline (28). The primary objective of the study is the comparison

of the proportion of patients showing MRD negativity and at least

≥CR at week 40 between the randomized groups in an adaptive two-

stage non-inferiority design. Aim of the study is to show that the

rate of MRDneg+≥CR in the group of patients with receiving three

additional cycles of I-VRd consolidation is not relevantly worse

than the MRDneg+≥CR rate in the group undergoing standard of

care intensification therapy, i.e. treatment with three additional

cycles of I-VRd is not inferior to standard of care regarding

MRDneg+≥CR by more than a predefined margin (d = 25%). The

confirmatory hypotheses are: H0: pstand - pexp ≤ -d vs. H1: pstand -
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pexp > -d, with pexp and pstand denoting the proportion of patients

with MRD negativity and ≥CR in the experimental and in the

standard arm, and with denoting the non-inferiority margin for the

MRDneg+≥CR rate. pstand -pexp represents the risk difference, which
is used as summary statistic to estimate the treatment effect. The

global significance level is a=5%. The confirmatory analysis of the

primary endpoint will be conducted according to the per-protocol

(PP) principle including all randomized patients with available

MRD negativity and response evaluation at week 40. Progression

or death before week 40 will be counted as failure for the binary

endpoint (composite variable strategy). Further intercurrent events

will be addressed using the treatment-policy strategy. An adaptive

design with two stages, alpha-spending function (O’Brien &

Fleming type) with preassigned weights (intended information

rate 0.5 and 1) for the interim and final analysis, no futility stop,

and inverse-normal combination function will be applied (29–31).

At the interim analysis the null hypothesis is tested using the local

significance level determined by the a-spending function at the

respective information fraction for a=5%. If the null hypothesis is
not rejected at the interim analysis, then it is tested using the critical

value determined by the a-spending function at the final analysis.

The stage-wise p-values will be calculated by applying Farrington

and Manning’s likelihood score tests (32). After the first interim

analysis, a data-dependent sample size recalculation may be

performed. Then the accrual period, the observation time, and the

schedule of the final analysis can be adapted.

Sensitivity analyses of the non-inferiority question are performed

using several imputation strategies for potential missing data in

MRDneg+≥CR. In supplementary analysis, multivariable logistic

regression will be applied adjusting for covariates.

Analyses of secondary objectives will be performed following the

intention-to-treat (ITT) principle using all available data of

randomized patients, irrespective of protocol violations and therapy

dropout, and are considered as exploratory analyses. Therefore, no

significance level is fixed. Two-sided p-values are considered

noticeable in the case of p ≤ 0.05, one-sided p-values are

considered noticeable in the case of p ≤ 0.025. Statistical analyses

of the secondary endpoints will be conducted with appropriate

descriptive and frequentist statistical methods using summary

statistics such as mean and standard deviation, median and

quartiles, or frequency and percent. Continuous secondary

endpoints are compared between randomized treatments groups

using Welch’s t-test or Mann–Whitney U-tests and categorical

variables via Fisher’s exact or chi-square tests. Time-to-event

endpoints (PFS and OS) are analyzed using two-sided log-rank test.

Multivariable analysis will be performed using Cox regressions.

Analyses of specific failure risks are performed using a competing

risk approach. Endpoints that are measured repeatedly over time and

their changes are analyzed separately for each time point. In addition,

(generalized) linear mixed models will be fitted. Safety data will be

evaluated descriptively according to the as-treated principle in the

safety population. Subgroup analyses will be conducted based on

cytogenetics (hyperdiploidy (FISH), t (11, 14), all others), initial

WHO Performance Status (ECOG 0 vs. 1 and 2), sex, age (18-55

years, 56-70 years), and response (response ≥VGPR, response
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<VGPR as well as response ≥PR, response <PR) and MRD (response

≥CR+ MRD negativity, response <CR and MRD negativity) status

after induction therapy prior to randomization.

In general, number of patients with missing data and

missingness patterns will be presented descriptively. In additional

exploratory sensitivity analyses multiple imputation approaches or

models applicable to longitudinal data with missing values (e.g.

(generalized) linear mixed models) can be used. In case of the

endpoint time-to-event endpoints, data will be treated as right-

censored in case of no event before end of follow-up.

Data preparation and descriptive analysis will performed using

SAS software, of the SAS System for Windows and adaptive analyses

using ADDPLAN® and R software using the package “rpact” (33, 34).
2.5 Proposed sample size/
power calculations

The sample size calculation is based on the primary binary

endpoint MRDneg+≥CR at week 40 after the start of induction

therapy. In the CASSIOPEIA trial which defined the current standard

of care treatment for newly diagnosed multiple myeloma patients in

Germany, the rate of MRDneg+≥CR was 20% for patients

randomized to the standard arm (VTd without daratumumab)

after completion of high-dose melphalan therapy (35). In the group

of patients randomized to daratumumab VTd (experimental arm),

the MRDneg+≥CR rate was 34% after completion of high-dose

melphalan therapy. Based on the extrapolation of the results of the

Griffin trial we assume that R-ISS I patients, who additionally have a

standard risk gene expression pattern, will have an even higher

MRDneg+≥CR rate of approximately 75% after completing

standard care treatment such as high-dose chemotherapy (36).

Using a non-inferiority margin of 25%, if the standard of care arm

in our study meets the assumption of an MRDneg+≥CR rate of 75%

and if the experimental arm has an MRDneg+≥CR rate of >50%, we

propose that the experimental arm in our study is not-inferior to the

conventional therapy used for patients. Under the specified two-stage

adaptive non-inferiority design and the assumptions above (pstand =
pexp = 75%, d = 25%), a significance level of a=5%, an allocation ratio
of 1:1, and an intended information rate of 0.5 and 1 for the interim

and final analysis, 76 patients (38 experimental arm and 38 standard

arm) with evaluable MRD measurement and response evaluation at

week 40 are required to obtain an overall power ≥ 80% to show non-

inferiority. The planned first interim analysis is intended to be

performed after 38 evaluable patients. However, due to the alpha-

spending approach, the timing can be chosen flexibly, so that the

number of patients for the interim analysis can be smaller or larger. If

the analysis is performed after 38 patients with an information rate of

0.5, the power in the interim analysis is 22% and the alpha spent is

0.0056. The sample size was calculated using the normal-

approximation. Since MRD negativity and response (≥CR) are

measured at week 40 after the start of treatment, we expected some

missing values due to dropouts and technical difficulties. To account

for dropouts, a total of 100 patients will be included.
Frontiers in Hematology 06
3 Discussion

High-dose melphalan (HDM) followed by autologous stem cell

transplantation (ASCT) is the current standard of care for

transplant-eligible newly diagnosed multiple myeloma

(NDMMTE). However, with the emergence of highly effective

monoclonal antibody-based quadruplet induction regimens, it is

not known whether HDM/ASCT remains the best choice for all

transplant-eligible patients or whether a more tailored, risk-adapted

therapeutic approach is needed. In particular, patients with low-risk

myeloma may be sufficiently treated with a quadruplet substance

therapy without HDM/ASCT in terms of PFS and OS. To the best of

our knowledge, there is no clinical trial that systematically evaluates

high-dose therapy versus quadruplet consolidation therapy

specifically in low-risk myeloma. This study attempts to fill this

gap: We hypothesize that low-risk patients do not benefit from

high-dose chemotherapy upfront, as the disease may be sufficiently

controlled by modern proteasome inhibitor and CD38-directed

antibody combination therapies.

Across all risk groups, the addition of HDM/ASCT has

repeatedly shown a benefit for progression-free survival in the

context of three-drug therapies (16, 37–39). The IFM 2009 phase

III trial, conducted by the French Intergroupe Francophone du

Myélome (IFM), compared the efficacy of lenalidomide, bortezomib

and dexamethasone (RVd) alone with that of RVd plus high-dose

melphalan and ASCT. The addition of HDM/ASCT to RVd was

associated with a significantly longer progression-free survival, but

did not improve overall survival (16). These findings were

confirmed in the DETERMINATION trial, which used a similar

approach and also compared RVd plus high-dose melphalan and

ASCT with RVd alone (39). An additional case in point is the

FORTE trial, which demonstrated an improved progression-free

survival with the addition of HDM/ASCT to carfilzomib,

lenalidomide, dexamethasone (KRd) compared to KRd alone (38).

Notably, these trials reported higher incidences of adverse events in

patients receiving high-dose melphalan and ASCT.

For modern quadruplet therapy, randomized trials comparing

HDM/ASCT with no HDM/ASCT are lacking. The MANHATTAN

nonrandomized clinical trial assessed whether the addition of the

anti-CD38 monoclonal antibody daratumumab to carfilzomib,

lenalidomide, dexamethasone (Dara-KRd) was sufficient in

achieving high rates of MRD-negativity in newly diagnosed

multiple myeloma without high-dose melphalan chemotherapy

and autologous hemopoietic cell transplantation. The study met

its primary endpoint by demonstrating that 71% of patients

achieved MRD-negativity without having undergone HDM/

ASCT, proving the high efficiency of modern combinations

regimens (40). However, in none of the trials mentioned above

was the choice of treatment based on risk stratification.

Several findings suggest that particularly high-risk myeloma

patients benefit from intensified therapy with autologous

transplantation while low risk patients may not benefit equally.

Bal et al. evaluated the impact of HDM/ASCT on minimal residual

disease (MRD) in the context of quadruplet induction and were
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able to show that the greatest reduction in MRD burden was in the

high-risk myeloma group (41, 42). The EMN-02/HOVON-95 trial

studied NDMMTE patients who received bortezomib,

cyclophosphamide and dexamethasone (VCD) and were then

randomized to receive either high-dose chemotherapy followed

by ASCT or a combination of bortezomib, melphalan and

prednisone (VMP). Patients then received lenalidomide-based

maintenance therapy (37). In a retrospective analysis of this

trial, Hofste op Bruinink et al. demonstrated that a high-risk

MM population benefits from an HDM-ASCT treatment over

VMP it was shown that an extremely low-risk group of patients,

defined as R-ISS stage I, absence of high-risk gene expression-

based disease and absence of del17p, showed no OS benefit despite

receiving high-dose chemotherapy and ASCT compared to

patients treated with VMP alone (43). In conclusion, there is

evidence that HDM may be an overtreatment for patients with

low-risk myeloma in the era of novel therapies and that there may

be no benefit in terms of PFS in this group when considering short

and long-term toxicity. We believe that this trial will provide

valuable insights into the role of HDM and ASCT in the context of

low-risk multiple myeloma and modern quadruplet therapy as

we move toward a more risk-stratified and personalized

myeloma therapy.
4 Ethics and dissemination

The study will be conducted in compliance with the declaration

of Helsinki (current version, October 2013, Fortaleza), the

requirements of the clinical trials regulation (CTR) 536/2014 and

the current German drug law (“Arzneimittelgesetz”), the current

legal provisions regarding data protection, and the principles of

Good Clinical Practice. The trial is registered under EU Trial

Number: 2022-500453-16-00, Registration Date: 21.07.2022) and

has been approved by the Medical Ethics Committee of

Landesärztekammer Hessen on 03.11.2022. The results of this

study will be widely disseminated through peer-reviewed

publications and presentations at international conferences.
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