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open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 05 December 2024

DOI 10.3389/frhem.2024.1480120
Prevalence of measurable
residual disease in patients with
refractory/relapsed multiple
myeloma who reached complete
response: a cross-sectional
multicentric study
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Background: Multiple myeloma (MM) is an incurable hematologic malignancy,

and even though the complete response (CR) rate has been growing, a high

percentage of patients continues to relapse. Recent research showed that most

relapses may be related to the persistence of measurable residual disease (MRD).

In this study, we intended to evaluate theMRD status in MMpatients who reached

CR in their second or third lines of treatment.

Methods: This was a cross-sectional, multicentre, non-interventional study to

describe the MRD status in patients with relapsed or refractory MM (rrMM), with

documented CR; adult male and female patients, from 11 Portuguese sites, in

their second or third line of treatment were included. Bone marrow MRD was

assessed through next-generation flow cytometry (NGF) technology.

Results: Among the 68 subjects who gave informed consent, 48 were

considered eligible for the study. Of the 48 subjects with confirmed CR, 31

(64.6%) had undetectable MRD levels. The incidence of undetectable MRD was

lower in International Staging System (ISS) III patients compared with ISS I/II

patients (60% vs. 70.8%; p = 0.45), and lower in patients treated without

daratumumab-containing regimens compared with those treated with

daratumumab-containing regimens (57.1% vs. 75.0%; p = 0.30). Notably,
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despite the small sample size, the incidence of undetectable MRD was

significantly lower in patients with high-risk cytogenetics compared to those

with standard risk (33.3% vs. 76.0%; p = 0.04).

Discussion:Our results highlight the possibility of achieving undetectable MRD in

the rrMM setting, especially in earlier stages and with highly effective protocols.

We expect that this work leverages the implementation of larger real-world

evidence studies in rrMM patients, in which MRD may also be defined as a

primary endpoint.
KEYWORDS

minimal residual disease, multiple myeloma, refractory, relapse, complete response,
cross-sectional
1 Introduction

Multiple myeloma (MM) is a chronic hematologic malignancy.

Despite the increase in overall responses to treatments and in

disease progression-free survival outcomes, most patients will

eventually relapse (1). MM is characterized by a dysregulation

and clonal proliferation of malignant plasma cells in the bone

marrow, which generally secrete an anomalous monoclonal

immunoglobulin called M protein, causing bone lytic lesions,

anemia, hypercalcemia, and kidney failure (2). In the setting of

hematological cancers, MM is the second most common disease,

with almost 180,000 cases worldwide and 120,000 deaths reported

in 2020 (3, 4).

Even though MM is still an incurable disease, over the last

decade, advances in the knowledge of its molecular pathogenesis

and the development of a variety of innovative treatments, which

can modify the course of the disease, have been changing both the

prognosis and treatment approaches (1, 5–7). As a result, the

number of patients reaching complete response (CR), in both first

line and relapse settings, is increasing (8). Nevertheless, about 40%

of patients who achieve CR will relapse and 20% will die within four

years after the initial treatment (9). In this context, CR seems an

insufficient surrogate to predict prolonged survival outcomes (10).

Indeed, M protein analysis and conventional cytological cell

morphology techniques are insufficient to detect persistent

disease (9).

In MM, most relapses may be related to the persistence of

undetectable measurable residual disease (MRD) that is beyond the

detection limit of current clinical response criteria (11–13). Several

studies showed that MRD negativity was associated with longer

progression-free survival (PFS) and overall survival (OS) (14, 15). In

the absence of official guidelines and considering the impact of these

data, the scientific community came to consider that MRD is one of

the most relevant prognosis parameters and will become an effective

tool to guide clinical decisions in MM (12, 13, 15). In fact, MRD was
02
used in the Multiple Myeloma XI trial to evaluate the best duration

of maintenance treatment, after transplant (16).

Among a variety of techniques, multiparametric flow cytometry

assays, such as next-generation flow cytometry (NGF), and next-

generation sequencing (NGS) comply with most of the criteria

defined for MRD testing: high-range applicability, high sensitivity

and specificity, feasibility, accessibility, quickness, small sample size

requirement, reproducibility, proven clinical value and cost-

effectiveness (7). Compared with NGS, NGF shows similar

sensitivity (10−5), but is faster (3–4 h) and does not require the

collection of a diagnostic sample to identify the dominant clone,

which facilitates its use in a real-world setting (1, 7).

The inclusion of MRD in the recently revised International

Myeloma Working Group (IMWG) response criteria represents a

strong recognition by the international myeloma community of the

relevance of MRD monitoring in the scope of new drug

development as a guide to clinical decisions (7). In fact, data from

clinical trials indicate that discriminating the MRD status in MM

patients who reach CR is relevant to determine the clinical

implications of the “CR status” and its prognostic value in the

real-world setting for patients with relapsed or refractory multiple

myeloma (rrMM) (17, 18). However, MRD monitoring for

relapsed/refractory patients is not yet a current clinical practice.

This study aimed to assess the bone marrow MRD status in

rrMM patients who reached CR and were in their second or third

line of treatment.
2 Methods

2.1 Study design

This was a cross-sectional, multicenter, non-interventional

study to describe the MRD status in MM patients with

documented CR, in the real-world setting. The cross-sectional
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design enabled the collection of a sufficient number of defined

variables to address the study objectives in a short period of time.

The study included adult male and female patients with rrMM,

in their second or third line of treatment. Patients were selected at

the hematology outpatient clinics of 11 Portuguese sites.

Participating sites were encouraged to enroll patients in a

consecutive manner during their regular appointments, to

minimize bias in patient selection. At each site, the physician

determined patients’ eligibility for data collection, based on the

following inclusion criteria: i) male or female with ≥ 18 years of age;

ii) confirmed diagnosis of rrMM; iii) currently in their second or

third line of treatment; and iv) CR documented by serum and urine

negative immunofixation or by serum negative Hydrashift

immunofixation, in patients treated with daratumumab for

immunoglobulin G (IgG) MM who achieve very good partial

response (VGPR).

Prior to data collection, all patients and/or their legally

acceptable representative, where applicable, signed a participation

agreement/informed consent form (ICF), approved by the local

Independent Ethics Committee, allowing for data collection and

source data verification, in accordance with local requirements and

sponsor policy.
2.2 Clinical management

The decision to participate in this study did not, in any way,

impact the standard of care that the patients were receiving or any

benefits to which they were otherwise entitled. The treatment

decision was taken prior to the inclusion of the patient in the

study and was independent from the decision to participate. All

aspects of treatment and clinical management of patients were in

accordance with local clinical practice and applicable local

regulations and at the discretion of the responsible physician (or

treating physician, when different). The sponsor did not provide

treatment, nor were patients reimbursed for purchasing any

treatments to treat their pathology.

Where available, data were collected from the patients’ clinical

records, at enrolment and when the result of the MRD assessment

was obtained; baseline data were not available. The maximum time

interval for data collection was 30 days, from enrolment (i.e., the

moment when eligibility was determined) until the MRD

assessment result was obtained. Data collection included

demographic data, diagnosis and medical history, MM

characteristics, prior and current antimyeloma treatments,

assessment of treatment response, cytogenetic characteristics, and

MRD status after treatment completion. Patients were considered as

high-risk when having at least one of the cytogenetic abnormalities

related to poor prognosis, including translocations t(4;14), t(14;16),

t(14;20), del (17p), TP53 mutation, and chromosome 1q gain/

amplification; patients with t(11;14), t(6;14) and/or trisomies were

considered to have standard-risk (19). Patients were also classified

according to the International Staging System (ISS) as stage I

(serum beta2-microglobulin < 3.5 mg/L and serum albumin ≥ 3.5

g/dL), II (neither stage I nor stage III), or III (serum beta2-

microglobulin ≥ 5.5 mg/L) (20).
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The end of the study was determined by the collection of data

related to the result of the MRD test for the last participating

patient. The overall duration of the study, including recruitment,

was approximately 27 months.
2.3 Measures of clinical response

The response to the antimyeloma treatment was assessed in all

patients with suspected CR (in the absence of bone marrow analysis

results), through the analysis of serum and urine samples by

immunofixation electrophoretic techniques. If the response

available at the participating site raised doubts and CR was not

obvious, a repetition of the assessment could be considered; the

patient was enrolled in the study only if CR was confirmed.

As anti-CD38 monoclonal antibodies (MoAb), such as

daratumumab, may interfere with the assessment of CR through

immunofixation electrophoretic techniques, in patients treated with

this class of drug and documented VGPR, a specific

immunofixation electrophoresis reflex assay (Hydrashift) was

used for confirmation purposes, as indicated in the inclusion

criteria. CR was assumed in those patients with a negative

Hydrashift result (21).
2.4 Minimal residual disease measurement

MM MRD in bone marrow was assessed by the NGF method,

using the standardized 2-tube 8-color EuroFlow approach (22). The

sensitivity of this technique is 10−5 (0.001%), with thresholds for the

lower limit of detection (LLOD) of 20 cells in 2x106 nucleated BM

cells and the lower limit of quantification (LLOQ) of 50 cells in

5x106 nucleated BM cells. Undetectable MRD was defined as the

absence of tumor plasma cells within 100,000 bone marrow cells

(105). Our goal, in terms of collected cells, was set at 107, which

corresponds to a total of 10,000,000 cells across the two tubes,

specifically 5,000,000 cells per tube. Of note, not all acquired cells

are suitable for analysis, as some may be debris or doublets, and

these were excluded from the total count. Consequently, the

minimum number of analyzed cells was not 100,000, but rather

1,000,000 (106).
2.5 Statistical analysis

No formal hypothesis tests were planned. Descriptive statistics

were used to assess the key objectives of this study and to

summarize the data collected.

Continuous variables were summarized using descriptive

statistics, i.e., number of non-missing observations (n), mean,

standard deviation (SD), median, minimum, and maximum.

Categorical variables were summarized by absolute and relative

frequencies. Data were also summarized according to MRD status.

Descriptive statistics were used to characterize demographic and

clinical characteristics, and previous lines of treatment by bone

marrow MRD status.
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The prevalence of MRD in patients who reached CR was

estimated by sample proportion (p) and its 95% confidence

interval: p = r/n, where r was the number of patients with bone

marrowMRD and n was the total number of evaluated MM patients

who reached CR and were in their second or third line of treatment

(excluding those with unknown bone marrow MRD status).

A Chi-squared test was applied to evaluate the statistical

significance of the differences of MRD results between subgroups.

A p-value below 0.05 was considered statistically significant.

A multivariable logistic regression was used to investigate the

association between the MRD status and clinical characteristics and

treatment background. Age (continuous variable), and cytogenic risk,

extramedullary plasmacytoma and line of treatment (categorical

variables) were identified as clinically relevant, by a medical expert,

and included in the logistic regression. Variable selection was,

therefore, based on the considered clinical significance.
3 Results

3.1 Study population

Sixty-eight (68) patients were enrolled in the study. Eighteen

(18) subjects were not included since they did not comply with one

or more of the inclusion criteria; 2 subjects did not have available

MRD results. Overall, 48 patients were considered eligible for the

study. The demographic and clinical characteristics of the enrolled

patients are compiled in Table 1.
3.2 Previous and current
medication regimens

In first line treatment, most patients received bortezomib-based

reg imens , name ly the combina t i on o f bor t e zomib ,

cyclophosphamide, and dexamethasone (VCd, 37.5%). The most

frequent therapy in second line was the combination of

daratumumab, lenalidomide, and dexamethasone (DRd, 21.4%).

Regarding current line of treatment, most patients, either in their

second or third line of treatment, received protocols that included

therapy with immunomodulatory (38% and 43%, respectively) or

daratumumab-based combinations (44% and 36%, respectively)

(Table 2, Figure 1).
3.3 Relationship between minimal residual
disease (MRD) status and clinical and
treatment background

Of the 48 subjects with confirmed CR and available MRD status,

31 (64.6%) achieved undetectable MRD after second and third

treatment were completed. The incidence of undetectable MRD was

lower in ISS III patients compared with ISS I/II patients (60% vs.

70.8%; p = 0.45), lower in patients who did not have previous

transplant vs. patients who had previous transplant (56.0% vs.

73.9%; p = 0.20), and also lower in patients treated without
Frontiers in Hematology 04
daratumumab-containing regimens vs. those treated with

daratumumab-containing regimens (57.1% vs. 75.0%; p = 0.30).

For patients with high-risk cytogenetics vs. standard risk, the

incidence of undetectable MRD was significantly lower (33.3% vs.

76.0%; p = 0.04) (Figure 2, Table 3).

Additionally, it was observed that patients treated with

daratumumab-containing regimens achieved 80.0% and 60%

undetectable MRD in the second and third line of treatment,

respectively (Table 3).
4 Discussion

In this cross-sectional, multicenter, non-interventional study,

we evaluated the MRD status (by NGF 10−5) of patients with rrMM,

in the second or third line of treatment, in a clinical practice setting.

Our results showed that the prevalence of undetectable MRD status

was around 65%. Our findings align with those of a similar real-
TABLE 1 Demographic and clinical characteristics of the
study population.

Variable
Study population

(n = 48)

Gender (n = 48)

Female 28 (58%)

Male 20 (42%)

Age (n = 48) 69.0 (44.0, 84.0)

Weight (Kg) (n = 48) 67.00 (38.00, 115.00)

ISS stage (n = 48)

ISS-I 13 (26%)

ISS-II 11 (22%)

ISS-III 22 (44%)

Cytogenetic abnormalities (n = 33)

High-risk
Standard-risk

6 (18%)
27 (82%)

Extra-medullary disease (n = 48)

Negative
Positive
Unknown

30 (63%)
7 (14%)
11 (22%)

Previous stem cell transplant (n = 48)

Yes
No

23 (48%)
25 (52%)

Previous lines of therapy (n = 48)

1
2

34 (74%)
14 (26%)

Current line of therapy (n = 48)

2 34 (74%)

3 14 (26%)
ISS, International Staging System.
Results are presented as median (minimum, maximum) for non-normal continuous variables
and n (%) for categorical variables.
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world study presented by the Spanish Myeloma Group (GEM), in

which the rate of undetectable MRD reported in MM patients, who

achieved CR in the first and subsequent lines of therapy, was

73% (23).

The low number of patients included in our study prevents us

from drawing definitive conclusions. Nonetheless, our results

reinforce the unfavorable prognosis associated with some

subgroups within the MM population. For instance, ISS III

subgroup of patients showed lower rates of undetectable MRD

values. Even though this result was not statistically significant,

probably due to the low number of included patients, this

observation is consistent with the prognostic implications

outlined by the ISS staging definition (20). Importantly, the

undetectable MRD rate was significantly lower in patients with a

high risk of cytogenetic abnormalities, which are recognized as the

most widely accepted predictors of poor prognosis in MM (24). In

this setting, it has been proposed that the concomitant

characterization of MRD persistent clones may enhance the

prognostic value of MRD, providing additional information for

the development of novel therapeutic strategies for refractory MM

(24). This study has limitations that need to be addressed. Our

ability to generalize the results is hindered by our small sample size,

which hampers the statistical significance of these results and the

assessment of effectiveness with specific groups. Therefore, further

research in larger cohorts and with more robust designs is

warranted. Moreover, there is the possibility of residual

confounding due to treatment selection biases inherent to any

nonrandomized observational study, which should be considered.

Even though the evaluation of MRD has been increasingly

conducted in clinical settings, it has not become a standard

procedure in the Portuguese clinical practice. Despite this,
TABLE 2 Previous and current lines of treatment.

Variable
Study population

n (%)

Previous lines of therapy

First line

Radiotherapy + VCd 1 (2.1%)

Td 1 (2.1%)

PAd 1 (2.1%)

VCd 18 (37.5%)

VCd + VTd 2 (4.2%)

Vd 4 (8.3%)

VMP 5 (10.4%)

VRd 3 (6.3%)

VTd 13 (27.1%)

Second line

DRd 3 (21.4%)

KRd 1 (7.1%)

RCd 2 (14.3%)

Cd 1 (7.1%)

PAd 1 (7.1%)

Rd 1 (7.1%)

VCd 1 (7.1%)

VRd 2 (14.3%)

VTd 2 (14.3%)

Current lines of therapy

Second line

DRd 9 (26.5%)

DVd 1 (2.9%)

IxaRd 2 (5.9%)

KRd 2 (5.9%)

KRd + KRd 1 (2.9%)

DKd 2 (5.9%)

DTCd 3 (8.8%)

Rd 10 (29.4%)

Rd + KRd 1 (2.9%)

Rd + Radiotherapy 1 (2.9%)

VRd 1 (2.9%)

VTd 1 (2.9%)

Third line

DRd 3 (21.4%)

Kd 1 (7.1%)

(Continued)
TABLE 2 Continued

Variable
Study population

n (%)

Third line

KRd 1 (7.1%)

KCd 1 (7.1%)

DKd 1 (7.1%)

Dd 1 (7.1%)

PCd 1 (7.1%)

Poma-Dex 1 (7.1%)

Rd 4 (28.6%)
DRd, daratumumab, lenalidomide, dexamethasone; DVd, daratumumab, bortezomib,
dexamethasone; IxaRd, ixazomib, lenalidomide, dexamethasone; Kd, carfilzomib,
dexamethasone; KRd, carfilzomib, lenalidomide, dexamethasone; KCd, carfilzomib,
cyclophosphamide, dexamethasone; DKd, daratumumab, carfilzomib, dexamethasone; Dd,
daratumumab, dexamethasone; DTCd, daratumumab, thalidomide, cyclophosphamide,
dexamethasone; PCd, pomalidomide, cyclophosphamide, dexamethasone; PAd, bortezomib,
doxorubicin, dexamethasone; Poma-Dex, pomalidomide, dexamethasone; Rd, lenalidomide,
dexamethasone; VCd_ bortezomib, cyclophosphamide, dexamethasone; Vd, bortezomib,
dexamethasone; VMP, bortezomib, melphalan, prednisone; VRd, lenalidomide,
dexamethasone, bortezomib; VTd, bortezomib, thalidomide, dexamethasone.
If two treatments are presented in the same cell (divided by “+” sign), it means the patient
underwent the first treatment as “Initiation”, and the second treatment as “Consolidation”. If
these two treatments are the same, the drug was administered in different dosages. Patients
with no MRD status available were excluded from these analyses.
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physicians and researchers are well informed of the advances in this

area and many centers are equipped with the appropriate

technology for MRD evaluation. This establishes the foundation

for incorporating MRD routine evaluation into practice. At this

point, the most relevant limitations to a broader applicability are

related to the quality of the collected bone marrow samples (due to

the difficulties encountered at the aspiration procedure), the
Frontiers in Hematology 06
potential for false negatives, and variations in sensitivity among

methodologies used for MRD determination across different centers

(9, 14). Technical pitfalls regarding methodology might be

overcome using validated, reproducible, and semi-automated

procedures, like the Euroflow assay (7, 25); sample-related

limitations might be overcome by changing bone marrow samples

to liquid biopsies. Blood-based MRD analysis would reduce the
FIGURE 1

Current lines of treatment. Daratumab-based regimens: daratumumab, lenalidomide, dexamethasone (DRd); daratumumab, bortezomib,
dexamethasone (DVd); daratumumab, carfilzomib, dexamethasone (DKd), daratumab, thalidomide, cyclophosphamide, dexamethasone (DTCd);
daratumab, dexamethasone (Dd). IMiD-based regimens: lenalidomide, dexamethasone (Rd), Rd plus radiotherapy; lenalidomide, dexamethasone,
bortezomib (VRd); pomalidomide, dexamethasone (Poma-Dex); pomalidomide, cyclophosphamide, dexamethasone (PCd). PI-based regimens:
bortezomib, thalidomide, dexamethasone (VTd); ixazomib, lenalidomide, dexamethasone (IxaRd); carfilzomib, lenalidomide, dexamethasone (KRd);
carfilzomib, dexamethasone (Kd); carfilzomib, cyclophosphamide, dexamethasone (KCd).
FIGURE 2

Undetectable MRD according to ISS, risk for cytogenetic abnormalities, and treatment. CT Ab, Cytogenetic abnormalities; DaraBT, Daratumumab
base treatments; ISS, International staging system; MRD, Minimal residual disease; Non-DaraBT, Non-daratumumab base treatment.
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invasiveness of the procedure and ensure easier access to samples

for routine monitoring, thus promoting the assessment of MRD in

clinical practice. Additionally, it could help to identify disseminated

disease, decreasing the possibility of false negatives. This option is

being adopted in other oncological diseases, providing an accessible

tool to monitor disease progression throughout its course, with

fewer burdens for patients and accurate results, which have proven

to be of great value to guide therapeutic decisions (26, 27).

In MM, some techniques such as mass spectrometry (MS) and

circulating plasma cell (CPC) detection by NGF have been explored

as alternatives to BM-based tests for MRD and may enter clinical

routines in the future (28, 29).

The findings herein described support the relevance of MRD

testing in the real-world rrMM setting and confirm that it is possible

to achieve high-quality responses, including CR and undetectable

MRD with the currently available treatment protocols, especially for

second and third lines of treatment. The impact of MRD in the

context of rrMM is being explored and discussed (14, 30). The

emergence of new therapeutic options, particularly T-cell redirecting

therapies (31), reinforces the evaluation of MRD in the relapse

setting. These novel options, such as bispecific antibodies (32–34),

are associated with achieving deep responses, but are indicated only

when disease progression or unacceptable toxicity occur.

Consequently, monitoring MRD status in these patients may be

crucial for deciding on therapy suspension in the future.

We expect that our results stimulate a more robust and

consequential debate regarding the potential implementation of

MRD evaluation into clinical practice of MM in Portugal.

Several topics of MM management remain unclear: the role of

MRD in real world clinical practice and in the relapsing context,

patients’ stratification based on MRD status, or treatment

suspension or de-escalation in cases upon confirmation of

undetectable MRD. In fact, an objective discussion focused on the
Frontiers in Hematology 07
clinical trials that are investigating different first-line treatment

approaches based onMRD should be encouraged among specialists,

with the ultimate objective of establishing a consensus on the most

appropriate and sustainable long-term maintenance therapy.

Moreover, the possibility of converting MRD negativity into

positivity warrants thorough discussion and clarification,

particularly in cases of early relapse.

This study is also expected to leverage the design and

implementation of future real-world evidence studies, in the

setting of MM and rrMM, in which MRD may be defined as a

primary endpoint. This would further clarify the impact of this

measurement in the management of MM treatment and encourage

its incorporation into current clinical practice.
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