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ABSTRACT 
We used a modified Delphi approach to establish areas of consensus and nonconsensus regarding the utility of determining measurable 
residual disease (MRD) to assess multiple myeloma (MM) treatment response, which may inform disease management and design of 
future clinical trials. This modified Delphi study incorporated 2 iterative rounds of surveys to evaluate the opinions of an expert panel of 61 
practicing hematological oncologists from across 14 countries in Europe concerning the use of MRD testing in MM management. Survey 
1 assessed experts’ opinions on MRD testing in different clinical situations and associated challenges. Survey 2 focused on the lack of 
consensus areas identified in survey 1. Consensus to an individual question was defined a priori as 75% agreement or disagreement 
by the panel. From the 2 rounds of surveys, the experts reached consensus agreement that MRD testing should be performed in newly 
diagnosed or relapsed patients who achieved complete response (CR) or better after transplantation. In transplant-ineligible patients, 
experts recommended MRD testing in those who are ≤70 years old and in CR. If a patient was previously positive on positron-emis-
sion tomography and computed tomography (PET/CT), both MRD and PET/CT should be assessed at CR. MRD testing should be 
performed ≤6 months after transplantation and every 6–12 months in continuously treated patients in CR. There was no consensus on 
making treatment decisions based on MRD status. MRD testing is an important component of clinical management in MM. Additional 
data will further clarify the role of MRD in guiding treatment decisions.

BACKGROUND

Despite therapeutic advances in multiple myeloma (MM) 
that have improved survival outcomes,1 patients with MM who 

initially respond to therapy still face the risk of relapse. Relapse 
is often attributed to persistent chemotherapy-resistant can-
cer cells, including measurable residual disease (MRD), which 
remain undetectable using standard methods to evaluate treat-
ment response.2

In recent years, results from multiple studies in newly diag-
nosed and relapsed/refractory MM indicated a prognostic value 
in determining MRD status; MRD negativity (defined as a 
threshold of sensitivity of <10−4, <10−5, or <10−6 tumor cells) was 
associated with improved survival outcomes, and in Programa 
para el Estudio de la Terapéutica en Hemopatías Malignas/
Grupo Español de Mieloma (PETHEMA/GEM) trials, identified 
as a factor driving complete response (CR).3–7 A meta-analysis 
of 45 myeloma studies that included MRD analysis confirmed 
that MRD negativity was significantly associated with improved 
progression-free survival (PFS) and overall survival (OS).8 
Several studies suggest that persistent MRD negativity could be 
an important efficacy marker.9,10 Data on improved survival out-
comes with MRD negativity in MM are consistent with those 
from multiple other hematologic cancers.11–13

The observed benefits associated with MRD negativity 
have led the Foundation for the National Institute of Heath 
Biomarkers Consortium to examine the use of MRD in clinical 
trials and practice, the International Myeloma Working Group 
(IMWG) to include sustained MRD negativity as a response 
criterion in clinical trials, and regulatory agencies in Europe 
and the United States to accept MRD as an interim surrogate 
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marker for PFS/OS.14–19 However, routine testing for MRD has 
not been fully integrated into MM management in the clinic.15 
Contributing factors include insufficient clinical data on treat-
ment decisions based on MRD status, lack of consensus on opti-
mal sensitivity threshold for use of available MRD data to guide 
intervention, lack of comprehensive guidelines on testing in rou-
tine care, and difficulties with reimbursement.15,20–22 Technical 
challenges associated with MRD testing include identifying the 
most appropriate assay type (eg, next-generation flow [NGF] 
versus next-generation sequencing [NGS]), the need for skilled 
individuals to collect high-quality marrow samples for meaning-
ful MRD analysis, and knowing when to measure extramedul-
lary disease, which cannot be captured by marrow-based MRD 
assays, by positron-emission tomography (PET) for successful 
MM management.6,15,23 There are multiple studies designed to 
address these knowledge gaps. These include the recently pub-
lished phase 2 studies of elotuzumab-based and daratumum-
ab-based (Monoclonal Antibody-Based Sequential Therapy for 
Deep Remission in Multiple Myeloma [MASTER]) quadruplet 
combination treatments, which used MRD status to determine 
treatment duration and cessation.24,25 Furthermore, other clin-
ical trials are ongoing for evaluating MRD-driven therapy in 
MM (eg, AURIGA, DRAMMATIC, and PERSEUS),2,26 and 
methods for detecting MRD in MM (MMRD; NCT02627261).

While the field awaits data from such clinical studies on MRD 
testing in MM, more timely and efficient but scientifically robust 
methods are needed to inform the practical utility of MRD test-
ing in MM. Delphi and modified Delphi methods are established 
practices for collecting expert-based opinions on best practice 

care.27 Furthermore, these studies have the advantage of being 
able to address a wide range of questions in a timely manner 
that would not be possible with clinical studies. Delphi-based 
studies have proven applicability in informing clinical practice 
in different cancer types.28–30

This study used a modified Delphi approach to establish 
whether there was consensus on various aspects related to the 
relevance of testing for MRD in MM routine clinical practice to 
assess and confirm response to therapy. The results may inform 
MRD utility in MM management and design of future clinical 
studies.

METHODS

Study objectives
The objective of the study was to use a modified Delphi 

approach that incorporated up to a maximum of 3 iterative 
rounds of surveys (Figure 1) to probe expert panel members’ 
opinions to determine areas of consensus (agreement or dis-
agreement) and nonconsensus concerning the value and utility 
of MRD testing in MM management, MRD testing in different 
clinical scenarios, and barriers to routine MRD assessment in 
the clinic.

Delphi advisory committee and expert panel
An advisory committee of initially 12 experts in MM from 

across the Western Europe initially met on January 19, 2019. 
The advisory committee discussed the initiative and proposed 
and invited other suitable and internationally recognized MM 

Figure 1. Modified Delphi process. aOnly clinicians with experience with MRD testing were invited to participate in the study, as the study was designed to 
assess their opinions on the use of MRD testing. MM = multiple myeloma; MRD = measurable residual disease; NGS = next-generation sequencing; PCR = polymerase chain reaction. 
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hematological oncologists from their individual countries, cur-
rently involved in clinical investigation, to join them in forming 
a modified Delphi expert panel. The number of clinicians invited 
was based on the number of new MM cases in 2018 (Suppl. 
Table S1). One advisory committee member exited the study 
later due to a conflict of interests. Members of the expert panel 
were all confirmed by September 3, 2020.

The modified Delphi process
During the initial face-to-face meeting, the advisory commit-

tee considered the methodology and developed and approved 
the questions for inclusion in survey 1, which addressed experts’ 
perceptions and challenges associated with MRD testing in 
different clinical scenarios (Figure  1). A link to the survey 1 
questions was emailed to each expert panel member, and the 
responses collated by a third party uninvolved in assessing 
outcomes.

The pooled results of survey 1 were discussed virtually at 
a second advisory committee meeting on December 15, 2020. 
Based on these discussions, the advisory committee developed 
and approved a revised set of questions for survey 2 (Figure 1). 
Questions may have had refined wording or response options to 
probe topics in further detail or to clarify the original intentions 
of the survey 1 questions, or they may have been new ques-
tions integrating or addressing earlier categorical or free-text 
responses. Questions in survey 2 pertained mainly to areas of 
lack of consensus in survey 1. The process of distributing sur-
vey 2 to expert panel members, and collating and reviewing the 
responses, was the same as for survey 1. Survey 2 was completed 
on April 20, 2021.

Each of the 2 surveys was designed to be completed in ≈30 
minutes; all responses were anonymous. The questions and 
response options are provided as online Supplemental Materials 
(Appendix 1 and 2).

Given that the COVID-19 pandemic occurred during the 
modified Delphi study, the study timeline was extended to 
ensure that the study did not interfere with the experts’ respon-
sibilities in frontline clinical care.

Data analysis and interpretation
When both survey results were available, the advisory com-

mittee reviewed the outcomes in a third virtual meeting and 
identified key conclusions. It was determined that a third sur-
vey round was not required, thus completing the study in April 
2021.

Statistics
The threshold level for consensus to an individual question 

in both surveys was defined a priori in the initial face-to-face 
advisory panel meeting as 75% (ie, agreement or disagree-
ment of ≥46/61 respondents), which is within the range of 
consensus threshold for Delphi studies.31 Clustered consen-
sus was defined as ≥75% agreement or disagreement for a 
general course of action related to a question in which clear 
consensus was not achieved for any one prespecified response 
option. General courses of action in each applicable question 
were determined by considering or clustering similar response 
options. All response data were summarized by descriptive 
statistics.

The modified Delphi study and the development of this 
report were driven by the advisory committee without external 
influence.

RESULTS

Expert panel characteristics
A total of 61 (11 advisors and 50 invited experts) hemato-

logical oncologists from 14 Western European countries made 

up the expert panel (Table 1; Suppl. Figure S1). Most members 
had 5–25 years of experience in treating MM (79%). All had 
experience in testing for MRD in MM (Table 1). All members 
completed survey 1 (Suppl. Table S2).

Responses to survey 1
The following areas were considered in the first survey.

Perceptions of MRD testing in MM
Members of the expert panel achieved consensus agreement 

that MRD testing should be part of routine practice in MM 
(87%) and should be performed on bone marrow samples 
(95%; Table 2). They recommended (82%) that a 10−5 threshold 
be used as the minimum limit of MRD detection. Consensus 
agreement was not reached on the recommended frequency of 
MRD testing during the follow-up in general; however, 61% 
of respondents noted that this would depend on the patient’s 
response over time.

Barriers to determining MRD status in MM in routine practice
While the experts reached consensus agreement that 

MRD testing should be implemented in routine clinical 
practice in MM, they identified the following 2 factors as 

Table 1

Expert Panel Demographics (Survey 1)

 

Expert Panel

(N = 61; 11 Advisors, 50 Invited Experts) 

Countries where members of expert panel were based, n
  Austria 2
  Belgium 5
  Finland 1
  France 6
  Germany 7
  Greece 2
  Ireland 1
  Italy 8
  Netherlands 5
  Portugal 5
  Spain 7
  Sweden 2
  Switzerland 2
  United Kingdom 8
Years treating patients with MM, %
  <5 -
  ≥5–<25 79%
  ≥25–<50 19%
  ≥50 3%
Main clinical practice center, %
  Academic center/university 

teaching hospital
90%

  Large private national institution 5%
  Community hospital 3%
  Other 2%
Number of patients with MM treated within the past 12 mo, %
  ≥20–<30 5%
  ≥30–<40 3%
  ≥40–<50 5%
  ≥50 87%
Experience in using MRD testing in MM
  I use it only in clinical trials, 

when required by the study 
protocol

36%

  I use it only in my own practice 3%
  Both 61%

MM = multiple myeloma; MRD = measurable residual disease.

http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
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having moderate to very high impact hindering clinicians 
in their home countries from performing MRD testing: 
reimbursement (90%) and access to a testing facility (76%; 
Figure 2).

Guidelines concerning the use of MRD
There was no consensus on which of the prognostic or treat-

ment guidelines for MM are mostly used by the expert panel 
(Suppl. Table S3). Among the experts, the most commonly used 
source for prognostic guidelines was the IMWG (51%), and 
for treatment guidelines was the European Society for Medical 
Oncology (31%). Nearly half of the respondents (48%) con-
firmed that MRD was not covered in the prognostic or treat-
ment guidelines that they used.

Educational needs concerning the use of MRD in MM
The experts reached consensus agreement (84%) that clini-

cians in their home country were not suitably informed regard-
ing MRD testing in MM (Suppl. Table S4). The experts also 
reached consensus agreement that they (79%) or the clinicians 
in their home countries (92%) would benefit from additional 
education on the use of MRD in informing treatment decisions. 
While most experts (61%) agreed that they themselves would 
benefit from guidelines on the use of MRD in MM, consen-
sus was reached (75%) that clinicians in their home countries 
would benefit from having such guidelines.

Use of MRD in MM (5 case studies)
The 5 case descriptions and experts’ answers to the questions 

are provided in Appendix 3. These case scenarios allowed evalu-
ation of patient characteristics that would impact the decision to 
test for MRD and the treatment decision based on MRD status.

The first case described a treated and transplant-eligible 
patient who was positive on PET/computed tomography (CT) 
before transplant, in CR, and was awaiting high-dose therapy 
and autologous stem cell transplant (HDT-ASCT). Experts 
reached consensus agreement that they would recommend MRD 
testing if a patient had undergone HDT-ASCT and was in CR 
(82%). Knowing MRD status is not critical before transplant, 
most experts (89%) would therefore proceed to transplant 
regardless of MRD status. The frequency of MRD assessment 
was unclear; a combined 85% of experts would assess MRD 
≤3 months after transplantation (74% would test at 3 months 
and 11% in <3 months), and a combined 76% of experts would 

Table 2

Perceptions of MRD (Survey 1)

 Respondents (N = 61) 

Should MRD testing become part of routine clinical practice 
in MM?
  ▪ Yes 87%
  ▪ No 5%
  ▪ Maybe/I do not know 8%
When testing for MRD in patients with MM, of the following, what would you  
recommend as the minimum limit of detection?
  ▪ 10−4 3%
  ▪ 10−5 82%
  ▪ 10−6 15%
In general, how frequently would you recommend testing for MRD in patients with MM 
in routine clinical practice?
  ▪ One-off testing, as needed 2%
  ▪ Every 3 mo 5%
  ▪ Every 6 mo 10%
  ▪ Every year 18%
  ▪  No specific time point; depends on patient response 

over time
61%

  ▪ Other 5%a

What type of samples do you normally use to test MRD in your patients with MM in 
your routine clinical practice?
  ▪ Peripheral blood -
  ▪ Bone marrow 95%
  ▪ Both 5%

Percentages in bold denote consensus was reached.
aResponse includes the following: “At key time points such as end of induction and post transplan-
tation, and then every 6–12 months.”
MM = multiple myeloma; mo = months; MRD = measurable residual disease.

Figure 2. Barriers to determining MRD status in MM in routine clinical practice by the respondents (survey 1). N = 61 respondents. Ordered by 
moderate to very high impact. Arrow denotes 75% mark. Green boxes denote cluster consensus agreement (moderate to very high impact) was reached. MM 
= multiple myeloma; MRD = measurable residual disease. 

http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
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assess MRD every ≥3 months during maintenance therapy after 
transplant (38% annually, 33% every 6 months, and 5% every 
3 months). If a patient was positive on PET/CT, then the experts 
agreed that they would perform both MRD testing and PET/CT 
after HDT-ASCT, as these tests would provide complementary 
information (75%–85%).

The second and third cases described a transplant-ineligible 
patient in CR and a transplant-eligible patient in very good par-
tial response (VGPR), respectively. The fourth case described 
a patient who had relapsed after transplantation; the patient 
subsequently achieved CR with continuous treatment. The 
results from these 3 clinical scenarios showed that, due to dif-
ferent expert opinions, the experts did not reach consensus on 
recommending MRD testing if a patient was transplant inel-
igible, in VGPR, or had a relapse after prior transplantation. 
Furthermore, the experts did not agree on the decision to dis-
continue treatment if a patient was MRD negative; however, 
there was consensus to continue treatment if the patient was 
MRD positive (≈80%). Finally, if the experts had decided to 
proceed with MRD testing, there was no consensus on the fre-
quency of testing to check for MRD status.

The fifth case described a posttransplant patient in CR who 
wanted to cease treatment (reason not specified in the survey). 
This scenario described patient characteristics that would 
impact the experts’ decision to test for MRD. The experts 
reached consensus agreement that they would support MRD 
testing if the patient was <70 years old (88%–91%), newly 
diagnosed (90%), transplant-eligible (84%), on first-line ther-
apy (97%), classified as having high-risk genetics with or with-
out a stage III determination using the Revised International 
Staging System ([R-ISS]; 86%–91%), or had a first relapse 
(88%).

Areas of consensus and nonconsensus regarding MRD testing 
are summarized in Table 3.

Responses to survey 2
Survey 2 was developed to further understand the panel’s 

responses in the 5 case studies in survey 1 (Appendix 3). The 
specific themes addressed are the use of MRD testing in different 
clinical scenarios, frequency of MRD testing, treatment discon-
tinuation, treatment reinitiation, and patient- and disease-re-
lated factors driving MRD testing. Of the 61-member expert 
panel, 53 members (87%), including all 11 advisors, completed 
survey 2 (Suppl. Table S2).

Use of MRD testing in different clinical scenarios (spanning patients 
of different ages, transplant eligibility statuses, medical histories, and 
fitness levels)

Descriptions of the 16 clinical scenarios in survey 2 and 
experts’ answers to the questions are provided in Appendix 4.

The 16 scenarios in Survey 2 re-evaluated areas of consensus 
and nonconsensus in the 5 case studies in survey 1. Results from 
these clinical situations showed that the experts would recommend 
MRD testing in a posttransplant patient who was in CR or better 
(87%–89%); however, there was no consensus if the patient was 
in VGPR. If the patient in CR was previously positive on PET/CT, 
the experts reached consensus agreement that they would perform 
both MRD testing and PET/CT after transplantation, because 
the information from both tests is complementary (88%–93%). 
While the experts would likely recommend MRD testing and PET/
CT before HDT-ASCT in the same scenario (87%), there was no 
consensus on whether the tests would provide meaningful infor-
mation. If a patient was transplant-ineligible and in CR while on 
maintenance treatment, the experts would recommend perform-
ing MRD testing if the patient was ≤70 years old (76% agree-
ment); there was no consensus about MRD testing if the patient 
was ≥75 years old with the assumption that they were willing to 
be tested and that there were no logistical or technical barriers 
to testing. However, the experts believed in general that MRD 
testing is useful in certain or most instances if the patient was fit 
and in CR regardless of age (81%–91% agreement); consensus 
agreement was also reached that MRD testing is not useful if the 
patient was frail and not in CR (79%–89%). The final scenario 
described a patient achieving CR with treatment plus HDT-ASCT 
after relapse. In this situation, ≈82% of experts would recommend 
performing MRD testing; however, the experts did not reach con-
sensus on MRD testing if the patient had not received HDT-ASCT.

Frequency of MRD testing (after transplantation and during 
continuous treatment)

The frequency of MRD testing after transplant was probed 
in case study 1 of survey 1, but there was no clear consensus 
on how regularly MRD testing should be performed (Appendix 
3). The issue of testing frequency was re-examined in survey 
2 (Suppl. Table S5). Results showed that in a patient who had 
undergone transplant, a combined 83% of experts agreed they 
would wait up to 6 months (57% would wait ≤3 months and 
26% would wait 4–6 months) before testing for MRD. If a 
patient was on continuous maintenance therapy, after achiev-
ing CR with or without ASCT, then 75% of experts agreed that 
sustained MRD status or attainment of MRD status should be 
confirmed every 6 months to a year. In a patient who was in CR, 
had undergone ASCT, and was MRD negative during 2 years of 
maintenance therapy, a combined 94% of experts agreed that 
MRD testing should occur at intervals of longer than 6 months.

Treatment discontinuation
For the patient described in case study 1 of survey 1, 74% of 

experts (no consensus) would support therapy discontinuation 
if the patient was in CR with 2 years of negative status on MRD 
and PET/CT (Appendix 3). The scenario in survey 2 described 
a patient who was in CR and negative for MRD and on PET/
CT for 2 years or more. The patient expressed a desire to dis-
continue treatment. While consensus was not reached, 70% of 
respondents would support treatment discontinuation in this 
case. If a patient has ceased therapy, 87% of experts agreed that 
long-term MRD testing is important (Suppl. Table S6).

Treatment re-initiation following discontinuation
For the patient who discontinued therapy described in 

case study 1 of survey 1, experts did not reach a consensus 

Table 3

Key Consensus-based Recommendations on MRD Testing and 
Areas of Nonconsensus From the 5 Case Studies in Survey 1

Key consensus-based recommendations 

  ▪  MRD testing should be performed in a patient who had received HDT-ASCT and 
is in CR

  ▪  MRD testing should be performed ≤3 mo after transplantation
  ▪  Both MRD testing and PET/CT should be performed after HDT-ASCT in a patient 

who is in CR and was previously positive on PET/CT

Areas of nonconsensus

  ▪ There was no consensus on recommending MRD testing
  ○ If a patient is transplant ineligible
  ○ If a patient is in VGPR
  ○ If a patient has a relapse after prior transplantation
  ▪  There was no consensus on recommending treatment discontinuation if a patient 

is MRD negative
  ▪  There was no consensus on frequency of MRD testing should test be performed

CR = complete response; HDT-ASCT = high-dose therapy and autologous stem cell transplant; 
mo = months; MRD = measurable residual disease; PET/CT = positron-emission tomography/
computed tomography; VGPR = very good partial response.

http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
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agreement on re-initiating therapy or the use of MRD status 
to drive the therapeutic decision (Appendix 3). The survey 2 
scenario described a patient who was MRD negative and dis-
continued treatment, but relapsed. Experts did not reach a con-
sensus agreement on the type of relapse—biochemical, clinical, 
or MRD positivity—that would prompt them to reinitiate treat-
ment (Suppl. Table S7).

Patient- and disease-related factors that determine interest in testing 
for MRD

In case study 5 of survey 1, the majority of experts stated that 
they would either consider various patient or disease character-
istics in making a decision for MRD testing or that they would 
be inclined to test for MRD regardless of patient or disease 
characteristics (Appendix 3). In survey 2, respondents reached 
consensus agreement that the following factors have medium 
to high impact on their decision to test for MRD: (1) presence 
of high-risk disease features (no specific definition provided in 
survey 2; 92%); (2) transplant eligibility (81%); (3) patient risk 
category using R-ISS (79%); and (4) patient fitness/frailty (80%; 
Figure 3).

Areas of consensus and nonconsensus regarding MRD testing 
based on survey 2 results are summarized in Table 4.

DISCUSSION

MRD testing is not widespread in routine clinical prac-
tice for reasons such as insufficient MRD-testing guidelines, 
availability, and budget. Therefore, there are multiple ongoing 
trials examining the use of MRD testing in MM and MRD-
directed treatments to enhance utilization as an interven-
tion-directing biomarker.2,26 To bridge the knowledge gap, 
we invited 50 other experts from Europe to participate in 
our modified Delphi study to understand the use of MRD in 
clinical practice for patients with MM. We identified areas 
of consensus agreement on MRD testing in clinical practice 
that were based on available clinical data and areas of non-
consensus; these findings require additional clinical studies to 
confirm or resolve. Unlike some other Delphi studies in blood 
cancers, the current study employed a rigorous methodology 
involving 2 rounds of surveys answered by a large panel of 
experts, including 90% who work in academic settings and 
36% who use MRD testing only in clinical trials, to identify 
and confirm areas of consensus and nonconsensus regarding 
MRD testing in a variety of clinical situations.32–34

In this modified Delphi study, the majority of experts (87%) 
agreed that MRD should be assessed in patients with MM in 
routine clinical practice, especially in patients who achieved 
CR or better (75%–89%) after completing ASCT because the 
PETHMA/GEM trials identified MRD as a reliable predictor 
for OS.4 They agreed (82%–95%) that MRD should be assessed 
in the bone marrow and that the assay’s minimum threshold of 
detection should be 10–5. These recommendations are based on 
the clinical data and aligned with prior guidance.5,7,35,36

The experts reached consensus agreement that a patient’s 
transplant eligibility, fitness level, and presence of high-risk 
disease features are key factors driving the decision to test for 
MRD. Consensus-based recommendations for MRD testing in 
different clinical situations are as follows:

•  MRD should be determined if a patient is fit, transplant-eli-
gible, and has achieved CR (expert agreement: 81%–97%). 
This recommendation is consistent with published data on 
the prognostic value of MRD negativity in patients who 
were newly diagnosed with MM.5,7,36

•  PET/CT and MRD testing are complementary tests for deter-
mining MRD after transplantation in a transplant-eligible 
patient who is positive on PET/CT at the time of diagnosis 
and in CR after ASCT (expert agreement: 88%–93%). This 
determination aligns with the results from a clinical study 
and the IMWG’s conclusion that patients’ disease outcomes 
improve when they are negative on PET/CT and for MRD 
in the bone marrow, compared with being negative on either 
measurement alone.17,37 Furthermore, it aligns with IMWG’s 
recommendation to use PET/CT to track changes in positive 
lesions in the setting of MRD negativity in the marrow.17

•  If a transplant-eligible patient relapses after responding 
to the first-line therapy, MRD should be assessed after the 
patient has received a second induction plus transplantation 
and is in CR while on maintenance therapy (expert agree-
ment: 81%–82%). This clinical scenario is less likely due to 
use of potent combination therapy at relapse. But recent tri-
als demonstrate that a high CR rate is associated with MRD 
negativity in relapsed MM.38,39 The preference for MRD 
testing after transplantation is based on the observation that 
patients in the IFM 2009 study who received transplantation 
had significantly higher response rates versus those who did 
not.40 Furthermore, transplantation reduced the risk of dis-
ease progression or death in the DETERMINATION trial.41 
These Delphi results and supporting evidence support MRD 
testing after first transplantation. The utility of MRD testing 

Figure 3. Factors that determine interest in testing for MRD (survey 2). N = 53 respondents. Ordered by medium to high impact. Arrow denotes 75% 
mark. Green box denotes cluster consensus was reached that the factors have medium to high impact on decision to test for MRD. ECOG = Eastern Cooperative 
Oncology Group; MRD = measurable residual disease; R-ISS = Revised International Staging System. 

http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
http://links.lww.com/HS/A490
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after second transplantation was not evaluated in this study 
due to lack of data.

•  If a patient is transplant-ineligible and in CR while on main-
tenance treatment, MRD should be assessed if the patient is 
≤70 years (expert agreement: 76%). However, the experts 
did not reach consensus on testing for MRD in patients aged 
≥75 years in a similar scenario, likely due to infrequent sam-
pling of marrow in this age group in clinical practice. While 
the patient’s age and clinical situation are factors in experts’ 
MRD-testing decision-making, the experts’ general view 
based on their clinical experience is that MRD testing is useful 
in patients who are fit and in CR regardless of age, including 
those who are ≥75 years old and willing to be tested (expert 
agreement: 81%–91%). These recommendations account-
ing for age, CR, and transplant-ineligible status of patients 
are supported by results of the MAIA and ALCYONE tri-
als, which enrolled patients with similar criteria. These trials 
reported that up to a third of patients achieved MRD neg-
ativity including a subset with sustained negativity status.42 
Higher MRD-negativity rates were associated with prolonged 
OS and PFS in transplant-ineligible patients regardless of 
age.43,44 Sustained MRD negativity is one of the treatment 
goals pursued by cooperative groups as a biomarker during 
maintenance and for considering treatment discontinuation 
for myeloma patients regardless of transplantation status.19,26 
Because bone marrow aspiration is required to confirm CR 
status, simultaneous MRD assessment of the marrow would 
provide meaningful clinical information if the MRD-testing 
technology is available to the clinician.

•  MRD testing is recommended if a patient exhibits high-risk 
disease features (expert agreement: 92%). Furthermore, if 
a patient wishes to discontinue treatment, MRD status and 
high-risk genetics or high-risk plus R-ISS III categories are 
key factors in deciding whether or not to support their wish 
(expert agreement: 86%–91%). This decision reflects findings 
from analyses of multiple trials including POLLUX, CASTOR, 
ALCYONE, MAIA, and Myeloma XI, which demonstrated 
an association between improved PFS and low/standard 
versus high cytogenetic risk status;25,45,46 the PETHEMA/

GEM2012MENOS65 study in which patients with high-risk 
disease who achieved MRD negativity had improved disease 
outcomes as those with standard-risk disease;47 the MASTER 
trial, which showed increased incidence of disease progres-
sion and MRD resurgence following treatment cessation 
in patients who had ≥2 compared with those with ≤1 high-
risk cytogenetic abnormalities;24 and the OPTIMUM study 
in which extended and intensified post-ASCT consolidation 
treatment was associated with sustained MRD negativity in 
patients with ultra-high-risk disease features.48 In practice, 
patients with high-risk disease are often treated at biochemi-
cal relapse before clinical symptoms emerge. The panel find-
ings are a validation of this approach, but adhere to a much 
lower threshold of MRD positivity in the marrow.

•  MRD should be assessed within 6 months after transplanta-
tion. The question of when to determine MRD after transplan-
tation was evaluated in both surveys (expert agreement: 85% 
for ≤3 months in survey 1 and 83% for ≤6 months in survey 
2). This determination is based on experts’ clinical experience; 
the 3–6 month timeframe allows recovery of immune func-
tions after transplantation. MRD testing should be repeated 
every 6 months to a year if a patient is on continuous treat-
ment and in CR (expert agreement: 75%). This determination 
is supported by a study that assessed MRD once a year for up 
to 5 years to examine the long-term benefit of MRD negativity 
during maintenance treatment with lenalidomide;49 further-
more, it aligns with standard practice in the management of 
acute lymphoblastic leukemia as regular testing is to determine 
sustained MRD negativity.50 More studies are needed to estab-
lish testing frequency in different clinical scenarios in MM.

This Delphi study also identified areas in which the experts 
did not reach consensus agreement. A key area of nonconsen-
sus was whether the expert panel would support treatment 
discontinuation in a patient who was in CR and had been 
negative for MRD on PET/CT for 2 years or more. This may 
be partly due to a patchy pattern of tumor cell distribution 
in the bone marrow, which may lead to ambiguity in MRD-
negativity results.51 Furthermore, there was a lack of data on 
supporting treatment discontinuation based on MRD negative 
status at the time of this Delphi study. However, subsequent 
data from the GEM2014MAIN study revealed a favorable 
PFS rate over time in patients who were MRD negative after 2 
years of maintenance treatment and discontinued therapy ver-
sus those who were MRD positive and remained on therapy.52 
A recently published report on the MASTER trial showed that 
of the newly diagnosed patients with MM plus ≤1 high-risk 
cytogenetic abnormalities who ceased treatment because of 2 
consecutive MRD-negative assessments, the risk of progres-
sion or resurgence of MRD was low (4%) after 12 months, 
suggesting that discontinuing treatment in such patients may 
be feasible in the real world.24 Another ongoing prospective 
trial RADAR in the United Kingdom may further shed light on 
the feasibility of treatment discontinuation in patients newly 
diagnosed with MM who achieved MRD negativity.53 In the 
IFM 2009 study, investigators suggested that transplantation 
may be avoided in MRD-negative patients in the transplant or 
nontransplant study groups who received maintenance ther-
apy for a year given a lack of difference in OS between the 2 
groups.40 This finding provides a scenario for considering only 
fixed duration maintenance therapy without transplantation 
in MRD-negative patients. Another area of nonconsensus was 
the type of relapse (biochemical or MRD positive) in patients 
who discontinued treatment that would prompt treatment 
reinitiation. This is an area of active investigation and debate; 
however, studies suggest treatment at biochemical relapse 
has resulted in an overall response rate of 36%–82%.54–56 As 
shown in the ENDEAVOR trial, the variability in the response 
was driven in part by the treatment (carfilzomib+dexametha-
sone or bortezomib+dexamethasone) following a relapse and 

Table 4

Key Consensus-based Recommendations on MRD Testing and 
Areas of Nonconsensus Based on the Clinical Situations in 
Survey 2

Key consensus-based recommendations on MRD testing 

 ▪  MRD testing should be performed in a patient who is in CR or better after 
transplantation

  ▪  MRD testing should be performed in a transplant-ineligible patient if the patient is 
≤70 years old and in CRa

  ▪  Both MRD testing and PET/CT should be performed in a patient who is in CR and 
was previously positive on PET/CT

  ▪  MRD testing should be performed in a patient who had a nonrefractory or refrac-
tory relapse and is currently in CR after second-line induction therapy, including 
HDT-ASCT

  ▪ MRD should be assessed ≤6 mo after transplantation
  ▪  MRD should be assessed every 6–12 mo in continuously treated patients in CR 

to check for MRD status or to monitor depth of response over time

Areas of nonconsensus

  ▪ There was no consensus on recommending:
  ○ MRD testing if a patient is in VGPR
  ○ MRD testing with or without PET/CT before HDT-ASCT
  ▪ There was no consensus on making treatment decision based on MRD status

aExperts’ general view is that MRD testing is useful in patients who are fit and in CR regardless of age.
CR = complete response; HDT-ASCT = high-dose therapy and autologous stem cell transplant; 
mo = months; MRD = measurable residual disease; PET/CT = positron-emission tomography/
computed tomography; VGPR = very good partial response.
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when the treatment was initiated (biochemical versus clinical 
relapse).56 A third area of nonconsensus was whether to per-
form MRD testing in patients who achieved VGPR, although 
the GEM2012MENOS65 study showed similar survival out-
come in patients who were MRD negative and in CR or bet-
ter, or VGPR.57 The overall results suggest that the decision to 
assess for MRD in VGPR is more complex, which depended on 
factors such as the definition of VGPR, transplantation status, 
bone marrow plasma cell percentage, and patient fitness status. 
In general, the lack of agreement is due to insufficient data, 
therefore expert judgements were based on individual experi-
ences, philosophy, and standard practices at different centers.

The experts identified 3 challenges to MRD testing. First, 
the experts concluded that clinicians are not suitably informed 
regarding the use of MRD testing in MM (expert agreement: 
79%–92%) and therefore more education is needed. The sec-
ond challenge pertains to access to testing (expert agreement: 
76%). While NGF-based testing is widely available, there is not 
a uniform standard for MRD testing.18 For NGS-based testing, 
the technology is not widely available, and is costly to set up at 
medical centers, requiring initial equipment investment and a 
specialized workforce.58 Third, the experts raised concerns that 
medical facilities may encounter difficulties in reimbursement 
from payers for performing MRD testing (expert agreement: 
90%). This sentiment was echoed in another Delphi study on 
the use of NGS that concluded that payer coverage is variable 
and inconsistent due to policy differences in assessing the clinical 
utility of NGS.59 To overcome these challenges, a key first step is 
to improve scientific knowledge, which is being addressed with 
ongoing and future clinical studies on MRD testing and MRD-
directed therapy in MM. When the results from these studies 
become available, comprehensive guidelines can be developed to 
inform clinicians on MRD-directed treatment approaches and 
timing and frequency of MRD testing. The guidelines may also 
guide payers on developing uniform policies for MRD testing 
for consistent reimbursement for the procedure. Arguably, the 
cost of MRD testing will be more acceptable if MRD-directed 
therapies lower the cost of a patient’s overall treatment plan. A 
study in Germany developed a health-economic model, based 
mainly on the evidence from the IFM 2009 study, to evaluate 
the economic impact of MRD testing. The study estimated that 
using NGS may save €18,396 in 1 year, €69,991 after 3 years, 
and €77,140 after 10 years per patient for treatment in those 
who are tested for MRD versus those not tested, because health-
care providers can avoid unnecessary and costly MM treatment 
if MRD status is known.60 A streamlined process of MRD-
directed therapy that would likely be covered by payers may 
incentivize hospitals to invest in upgrading their testing facilities.

This Delphi study was limited in its evaluation of MRD testing 
in a general context of patient factors (eg, transplant eligibility 
and fitness), and standard MM treatments (including daratu-
mumab, bortezomib, lenalidomide, dexamethasone, and ASCT) 
and responses to those therapies. Examination of more specific 
factors such as differences in treatment and testing access by 
country and the impact of individual MM drugs were beyond 
the scope of this study. The study design circumvented any real-
world barriers concerning access to treatment and MRD testing 
with the assumptions that such barriers did not exist. While cer-
tain treatment combinations were more effective than others in 
managing MM as shown in phase 3 trials, PFS was determined 
by patients who achieved CR or better and MRD negativity, 
regardless of therapy,41,45 supporting the notion that patient fac-
tors and responses were key to MRD-testing decision-making 
rather than the type of treatments the patients received.

CONCLUSIONS

The lack of comprehensive guidelines and education on MRD 
testing has hindered its use in MM management in the real 

world. This modified Delphi study has established the relevance 
of MRD testing in the clinic and provided consensus-based sug-
gestions on its use in different clinical scenarios. The consensus 
agreements were supported by published data, including those 
published after the completion of the study. Until additional 
data from clinical studies become available, results from this 
study may inform clinicians in the use of MRD testing in MM 
management.
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