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Minimal residual disease (MRD) in multiple myeloma: prognostic and
therapeutic implications (including imaging)
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Take home messages

� MRD is a powerful predictor of survival outcomes in myeloma regardless of type of therapy, line of therapy, clinical stage and
biological risk.

� MRD may be assessed by flow cytometry, based on aberrant plasma cell phenotypes or next generation sequencing approaches,
based upon unique immunoglobulin gene sequences and assays with a minimum sensitivity of 10-5 are recommended.

� MRD is best considered as a continuous prognostic variable as sequential improvements in outcome are demonstrable with each
log depletion of disease.
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Introduction

Multiple myeloma, for the majority of patients, remains an
incurable disorder with a relapsing and remitting course. This
remains the case despite high rates of complete response (CR) seen
with modern multi-drug combinations arguing for the presence of
persisting disease in the majority of patients. Minimal residual
disease (MRD) refers to the presence of persisting neoplastic
plasma cells in the bone marrow of patients achieving high quality
M protein responses. The significance of MRD, at least in the post
ASCT setting, was first established in 20021,2 and a large body of
data has now emerged which has further clarified its applicability.
This has shown that MRD is an independent predictor of survival
outcomes regardless of type of therapy, line of therapy, clinical
stage and biological risk. The International Myeloma Working
Group (IMWG) criteria propose a level of 10-5 define to MRD-
negativity.3
Current state of the art
Methodology and sensitivity

MRD in myeloma is currently assessed by two main methodolo-
gies. Multiparameter flow cytometry (MFC) is a well-established
methodwhich utilizes the phenotypic aberrancies seen inmyeloma
plasma cells compared to normal. Assessment of light chain
restriction in this setting has limited sensitivity as a result of the
regeneration of normal polytypic plasma cells.4 There is a broad
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consensus with respect to the principles of MRD analysis by
MFC5,6 and it is applicable to >95% of patients and can provide
results in real time. The EuroFlow method is a 2-tube 8-colour
method and is in widespread use but other assays have been
reported with similar levels of sensitivity and performance.7,8

MRD in myeloma as in other B-cell disorders, may also be
assessed by virtue of the unique immunoglobulin gene sequences
seen in each patient. Traditional approaches have required that
patient or allele-specific sequences be used as primers in real-time
quantitative PCR assays (ASO RQ-PCR). This has been evaluated
in myeloma but has limited applicability as a consequence of lack
of clonality detection, unsuccessful sequencing and suboptimal
ASO performance.9 These limitations have however been
overcome with the advent of so-called next-generation sequencing
(NGS) technologies. This has been evaluated in myeloma and
appears applicable to >95% of patients with a sensitivity of 10-6
which is achievable with as few as 2 million cells.10,
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Areas of clinical application

The prognostic significance of MRD was first established, by
Spanish and UK groups in 20021,2 and a large body of
confirmatory data has since emerged, and this has been evaluated
in a recent meta-analysis by Munshi et al In this analysis of 1273
patients from 14 published studies MRD-negativity was associat-
ed with a significant prolongation of PFS (HR 0.41; 95%CI 0.36–
0.48; p<0.0001). Impact on OS was assessed in 1100 patients
included from 10 studies with clear survival benefit noted (HR
0.57; 95%CI 0.46–0.71; p<0.0001). Broadly comparable results
were also noted when the analysis was limited to those patients
with documented conventional CR (HRs of 0.44 and 0.47 for PFS
and OS respectively).

∗12

In an analysis of 609 patients from 3 Spanish clinical trials
Lahuerta and colleagues have further clarified the clinical utility of
MRD. They demonstrated the superiority of MRD-negativity
over conventional CR as MRD-positive CR patients had an
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outcome similar to MRD-positive patients failing to achieve CR.
Furthermore, they were able to confirm the prognostic
impact of MRD and superiority over CR among transplant-
eligible and transplant-ineligible patients, and in sub-groups
stratified according to disease stage (ISS) and cytogenetic risk
profile. It interesting to note that the greatest impact of MRD-
negativity was seen in transplant-ineligible patients and those
with high-risk cytogenetics.

∗13 It is also noteworthy that
MRD-negativity has also now been demonstrated in the
relapse setting with highly-efficacious daratumumab-contain-
ing regimens and that this has similar predictive value at least
in terms of PFS.14,15

Sequential MRD monitoring has been used in a number of
studies and can provide useful insights into complex multicom-
ponent therapies. These studies have demonstrated that a
significant proportion of patients can show a further depletion
of disease with maintenance therapies and that this has an impact
on outcome. Furthermore, it is clear that the re-emergence of
disease typically heralds clinical relapse.16–18

MRD has traditionally been considered to be a simple
dichotomous variable with values determined by the sensitivity
of the assay used. MRD assays do also allow for reproducible
disease quantification and this can provide additional prognostic
information. In an analysis from the UK Myeloma IX trial it was
possible to demonstrate, with a relatively insensitiveMFCmethod
(10-4), an approximate 1-year OS benefit with each log depletion
of disease. This pattern has been also recently been demonstrated
with highly sensitive NGS with further improvements noted at 10-
5 and 10-6.11,
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MRD strategies, in particular those based on MFC have added
value in that they can be employed in the routine diagnostic setting
allowing for diagnosis and risk assessment in monoclonal
gammopathy of undetermined significance, amyloidosis and
plasmacytoma of bone.20–22

Imaging

Patchy distribution of bone marrow disease and extramedullary
disease represent a limitation for traditional bone marrow based
MRD assessment. Functional imaging with positron emission
tomography (PET) and diffusion-weighted magnetic resonance
imaging (DW-MRI) may overcome this and allow further
clarification of residual disease status in some patients. In a
recent study, Rasche et al evaluated CR patients with MFC, PET
and DW-MRI. Residual focal lesions (FL) were noted in 24% of
patients and this was associated with an inferior PFS regardless of
biological risk and ISS. DW-MRI detected residual disease in a
greater proportion of patients than PET, but some FL were only
demonstrable with the latter. It noteworthy that FL were
demonstrable in patients who were MRD-negative by MFC at
10-5 and that the best outcomes were seen patients who were
MRD-negative and without residual FL.

∗23

Future perspectives

MRD is now firmly established as an independent prognostic factor
in myeloma and is widely applicable regardless of type and line of
therapy, disease stage and biological risk. It should be routinely
evaluated in all clinical trials and used to prospectively evaluate
clinical interventions in academic studies. It also has the capacity to
allow for accelerated drug approvals and European Medicines
Agency have recently published guidance in this regard (https://ema.
europa.eu/en/documents/scientific-guideline/draft-guideline-use-min
imal-residual-disease-clinical-endpoint-multiple-myeloma-studies_
en.pdf). Sequential monitoring is likely to be required for patient
monitoring and ongoing efforts are needed to develop non-invasive
methods of assessment.
References
1. San Miguel JF, Almeida J, Mateo G, et al. Immunophenotypic

evaluation of the plasma cell compartment in multiple myeloma: a
tool for comparing the efficacy of different treatment strategies and
predicting outcome. Blood. 2002;99:1853–1856.

2. Rawstron AC,Davies FE, DasGuptaR, et al. Flow cytometric disease
monitoring in multiple myeloma: the relationship between normal
and neoplastic plasma cells predicts outcome after transplantation.
Blood. 2002;100:3095–3100.

3. Kumar S, Paiva B, Anderson KC, et al. International Myeloma
WorkingGroup consensus criteria for response andminimal residual
disease assessment in multiple myeloma. Lancet Oncol. 2016;17:
e328–e346.

4. Martínez-López J, Paiva B, López-Anglada L, et al. Critical analysis
of the stringent complete response in multiple myeloma: contribu-
tion of sFLC and bone marrow clonality. Blood. 2015;126:858–
862.

5. Stetler-Stevenson M, Paiva B, Stoolman L, et al. Consensus
guidelines for myeloma minimal residual disease sample
staining and data acquisition. Cytometry B Clin Cytom.
2016;90:26–30.

6. Arroz M, Came N, Lin P, et al. Consensus guidelines on plasma cell
myelomaminimal residual disease analysis and reporting.Cytometry
B Clin Cytom. 2016;90:31–39.

7. Flores-Montero J, Sanoja-Flores L, Paiva B, et al. Next Generation
Flow for highly sensitive and standardized detection of minimal
residual disease in multiple myeloma. Leukemia. 2017;31:2094–
2103.

8. Roshal M, Flores-Montero JA, Gao Q, et al. MRD detection in
multiple myeloma: comparison between MSKCC 10-color single-
tube and EuroFlow 8-color 2-tube methods. Blood Adv.
2017;1:728–732.

9. Puig N, Sarasquete ME, Balanzategui A, et al. Critical evaluation of
ASO RQ-PCR for minimal residual disease evaluation in multiple
myeloma. A comparative analysis with flow cytometry. Leukemia.
2014;28:391–397.

10. Martinez-Lopez J, Lahuerta JJ, Pepin F, et al. Prognostic value of
deep sequencing method for minimal residual disease detection in
multiple myeloma. Blood. 2014;123:3073–3079.

∗11. Perrot A, Lauwers-Cances V, Corre J, et al. Minimal residual disease
negativity using deep sequencing is a major prognostic factor in
multiple myeloma. Blood. 2018;132:2456–2464.

Evaluation of MRD using NGS in the Intergroupe Francophone du
Myelome (IFM) 2009 clinical trial.
∗12. Munshi NC, Avet-Loiseau H, Rawstron AC, et al. Association of

minimal residual disease with superior survival outcomes in
patients with multiple myeloma: a meta-analysis. JAMA Oncol.
2017;3:28–35.

Meta-analysis confirming the impact of MRD in MM.
∗13. Lahuerta JJ, Paiva B, Vidriales MB, et al. Depth of response in

multiple myeloma: a pooled analysis of three PETHEMA/GEM
clinical trials. J Clin Oncol. 2017;35:2900–2910.

Pooled analysis ofMRD assessment in 609 patients from 3 Spanish clinical
trials.
14. Dimopoulos MA, San-Miguel J, Belch A, et al. Daratumumab

plus lenalidomide and dexamethasone versus lenalidomide
and dexamethasone in relapsed or refractory multiple myeloma:
updated analysis of POLLUX. Haematologica. 2018;103:2088–
2096.

15. Spencer A, Lentzsch S, Weisel K, et al. Daratumumab plus
bortezomib and dexamethasone versus bortezomib and dexametha-
sone in relapsed or refractory multiple myeloma: updated analysis of
CASTOR. Haematologica. 2018;103:2079–2087.

16. Rawstron AC, Child JA, de Tute RM, et al. Minimal residual disease
assessed by multiparameter flow cytometry in multiple myeloma:
Impact on outcome in the Medical Research Council Myeloma IX
Study. J Clin Oncol. 2013;31:2540–2547.

17. Gambella M, Omedé P, Spada S, et al. Minimal residual disease by
flow cytometry and allelic-specific oligonucleotide real-time quanti-
tative polymerase chain reaction in patients with myeloma receiving
Educational Updates in Hematology Book | 2019; 3(S2) | 125 |

https://ema.europa.eu/en/documents/scientific-guideline/draft-guideline-use-minimal-residual-disease-clinical-endpoint-multiple-myeloma-studies_en.pdf
https://ema.europa.eu/en/documents/scientific-guideline/draft-guideline-use-minimal-residual-disease-clinical-endpoint-multiple-myeloma-studies_en.pdf
https://ema.europa.eu/en/documents/scientific-guideline/draft-guideline-use-minimal-residual-disease-clinical-endpoint-multiple-myeloma-studies_en.pdf
https://ema.europa.eu/en/documents/scientific-guideline/draft-guideline-use-minimal-residual-disease-clinical-endpoint-multiple-myeloma-studies_en.pdf


Owen Minimal Residual Disease (MRD) in Multiple Myeloma: Prognostic and Therapeutic Implications (Including Imaging)
lenalidomide maintenance: A pooled analysis. Cancer. 2019;125:
750–760.

18. Ferrero S, Ladetto M, Drandi D, et al. Long-term results of the
GIMEMA VEL-03-096 trial in MM patients receiving VTD
consolidation after ASCT: MRD kinetics’ impact on survival.
Leukemia. 2015;29:689–695.

∗19. Rawstron AC, Gregory WM, de Tute RM, et al. Minimal residual
disease in myeloma by flow cytometry: independent prediction of
survival benefit per log reduction. Blood. 2015;125: 1932–1935.

Analysis of MRD in the UKMyeloma IX trial demonstrating improve OS
with each log depletion of disease.
20. Hill QA, Rawstron AC, de Tute RM, et al. Outcome prediction in

plasmacytoma of bone: a risk model utilizing bone marrow flow
cytometry and light-chain analysis. Blood. 2014;124:1296–1299.
| 126 | Educational Updates in Hematology Book | 2019; 3(S2)
21. Paiva B, Chandia M, Vidriales MB, et al. Multiparameter flow
cytometry for staging of solitary bone plasmacytoma: new
criteria for risk of progression to myeloma. Blood. 2014;124:
1300–1303.

22. Puig N, Paiva B, LasaM, et al. Flow cytometry for fast screening and
automated risk assessment in systemic light-chain amyloidosis.
Leukemia. 2018;doi: 10.1038/s41375-018-0308-5. [Epub ahead of
print].

∗23. Rasche L, Alapat D, KumarM, et al. Combination of flow cytometry
and functional imaging for monitoring of residual disease in
myeloma.Leukemia. 2018;doi: 10.1038/s41375-018-0329-0. [Epub
ahead of print].

Study showing the potential value of functional imaging and MRD
assessment in determining outcome in MM.


	Minimal residual disease (MRD) in multiple myeloma: prognostic and therapeutic implications (including imaging)
	Introduction
	Current state of the art
	Methodology and sensitivity
	Areas of clinical application
	Imaging

	Future perspectives
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


