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MULTIPLE MYELOMA: ASSESSING THE PATIENT AND THE DISEASE

     The bur den of mye loma: novel approaches 
to dis ease assess ment 
     Mat thew   Ho  and  Taxiarchis   Kourelis  
 Department of Internal Medicine, Division of Hematology, Mayo Clinic, Rochester, MN 

     Novel ther a pies in mul ti ple mye loma (MM) have increased the rates of con ven tional com plete remis sion (CR) in patients. 
However, patients in CR can have highly het ero ge neous out comes. Novel and more sen si tive meth ods of assessing 
resid ual dis ease bur den after ther apy will help prog nos ti cate this group bet ter and, ide ally, allow indi vid u al ized ther apy 
adjust ments based on response depth in the future. Here, we review novel bone mar row, periph eral blood, and imag ing 
meth ods for assessing mye loma bur den and dis cuss the oppor tu ni ties and lim i ta tions of incor po rat ing these in every day 
clin i cal prac tice.  

   LEARNING OBJEC TIVES   
    •  Understand the util ity of bone mar row min i mal resid ual dis ease test ing in clin i cal prac tice 
   •  Understand the role of PET / CT and MRI in assessing response to ther apy and prog no sis in MM 
   •  Outline the clin i cal use of mass spec trom e try – based meth ods for assessing mono clo nal pro teins in MM  

  CLINICAL CASE 1 
  A 65 - year - old woman pres ents with newly diag nosed 
immu no glob u lin G kappa (IgG kappa) mul ti ple  mye loma 
(MM) with high - risk (HR) fea tures (del17p, t(4;14) and 
Revised International Scoring System [R - ISS] stage III). 
Positron emis sion tomog ra phy / com puted tomog ra phy 
(PET / CT) dem on strates soft tis sue plasmacytomas. She 
receives induc tion ther apy with lenalidomide, bortezo-
mib, and dexa meth a sone (VRd) followed by myeloablative 
doses of mel pha lan and autol o gous stem cell trans plant 
(ASCT). Pre - ASCT test ing reveals she has achieved a min-
i mal resid ual dis ease (MRD) - neg a tive com plete remis sion 
(CR) mea sured at a 10  − 5  sen si tiv ity thresh old using fl ow 
cytom e try, which is maintained at day 100 plus post ASCT. 
She elects to have main te nance ther apy with lenalido-
mide and bortezomib. She wants to know what an MRD -
 neg a tive CR means for the out come and man age ment of 
her HR MM.  

 CLINICAL CASE 2 
  An 80 - year - old man pres ents with newly diag nosed IgG 
kappa MM with no HR fea tures and nor mal lev els of serum 
albu min, lac tate dehy dro ge nase, and beta - 2 - microglobulin 

(R - ISS stage I). He receives ther apy with daratumumab, 
lenalidomide, and dexa meth a sone. After 6 months his 
immunofi xation (IFE) remains pos i tive for a cir cu lat ing 
IgG kappa mono clo nal pro tein in the blood, and a bone 
mar row (BM) biopsy is performed, which is MRD pos i tive 
when mea sured at a 10  − 5  sen si tiv ity thresh old using fl ow 
cytom e try. He wants to know what this means for the out-
come and man age ment of his MM.  

 How, why, and when should BM - based MRD test ing 
be performed in patients with MM ?  
 Multidrug com bi na tions of novel agents can achieve con-
ven tional CR (defi ned as neg a tive IFE on the serum and 
urine, the dis ap pear ance of any soft tis sue plasmacyto-
mas, and less than 5 %  plasma cells in BM aspi rates) in 
more than two - thirds of patients. 1 - 3  Trial and  “ real - world ”  
data con sis tently dem on strate that both trans plant eli-
gi ble and inel i gi ble patients achiev ing CR after fi rst - line 
ther apy tend to live lon ger. 1 - 5  Since the out comes of 
patients in con ven tional CR are var i able, more sen si tive 
mea sure ments of resid ual dis ease are required to bet ter 
prog nos ti cate these patients, with the goal of adjust-
ing ther a pies to improve patients ’  out comes and lives. 
MRD refers to resid ual dis ease in the BM space that is 
below the limit of detec tion of con ven tional tests. How-
ever, when the term  “ MRD ”  is used in the lit er a ture, it 
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 fre quently does not dif fer en ti ate between MRD-neg a tive CR 
(no cir cu lat ing mono clo nal pro tein) and MRD neg a tiv ity in 
the BM with a cir cu lat ing mono clo nal pro tein (at best, clas-
si fied as a very good par tial remis sion). This dis tinc tion can 
fre quently com pli cate the inter pre ta tion of MRD data.

Currently, next gen er a tion flow cytom e try (NGF) and next 
gen er a tion sequenc ing (NGS) are the 2 meth ods used to detect 
MRD in the BM. The main dif fer ences between them are shown 
in Table 1. These meth ods have been reviewed exten sively.6,7 
Briefly, NGF requires a slightly larger ini tial sam ple to be pro-
cessed within 48 hours (~10 mil lion cells vs ~1 mil lion for NGS, 
which trans lates to usu ally no more than 1 ml of addi tional BM 
aspi rate). It is also slightly less sen si tive than NGS (10−5 vs 10−6). 
Its per for mance com pared to NGS in patients treated with CD38 
antibodies is not well established. However, it is faster and does 
not require a base line sam ple for clone iden ti fi ca tion. Reassur-
ingly, the con cor dance between NGS and the EuroFlow NGF 
method is high,8,9 although this may not be true for other NGF 
meth ods.10 The prog nos tic sig nifi  cance of MRD neg a tiv ity has 
been dem on strated in sev eral tri als and trial-level metanalyses 
at var i ous time points across the dis ease spec trum, regard less 
of dis ease or patient char ac ter is tics.7,11 A recent met anal y sis of 
93 pub li ca tions from 45 stud ies dem on strated that MRD neg-
a tiv ity is asso ci ated with improved pro gres sion-free (PFS) and 
over all sur vival (OS) in trans plant-eli gi ble or trans plant-inel i gi ble  
patients at diag no sis or relapse.12 Increasing MRD sen si tiv ity 
thresh olds showed a trend toward improved PFS and OS, and a 
thresh old of 10−5 or 10−6 is cur rently con sid ered stan dard. How-
ever, these stud ies did not always dif fer en ti ate between MRD-
neg a tive CR and MRD-neg a tive non-CR. Reassuringly, MRD 
neg a tiv ity remained prog nos tic in both CR and very good par tial 
remis sion patients. Additionally, MRD neg a tiv ity was asso ci ated 
with a sim i lar PFS and OS ben e fit in HR and non-HR patients. 

It is worth not ing though, that achiev ing MRD neg a tiv ity in HR 
patients in real-world ret ro spec tive stud ies did not always trans-
late into supe rior PFS/OS.13

It is unclear if achiev ing MRD neg a tiv ity in newly diag nosed 
patients abro gates the neg a tive prog nos tic impact of HR cyto-
ge net ics. HR patients can achieve MRD neg a tiv ity at sim i lar rates 
as non-HR patients, although this may not be true for 17p dele-
tion.14 The PETHEMA/GEM2012MENOS65 trial com pared 2 dif fer-
ent con di tion ing reg i mens in patients receiv ing VRd induc tion.15 
In this trial, the PFS of MRD-neg a tive patients after the end of 
con sol i da tion was sim i lar in R-ISS stage III and R-ISS stage I or 
II dis ease.15 In the PETHEMA/GEM2010MAS65 trial,16 which ran-
dom ized trans plant-inel i gi ble patients to either mel pha lan, bor-
tezomib, and pred ni sone and lenalidomide-dexa meth a sone (Rd) 
main te nance or alter nat ing mel pha lan, bortezomib, and pred ni-
sone and Rd, the time to pro gres sion for MRD-neg a tive patients, 
both HR and non-HR, was the same. However, MRD ana ly ses 
of the IFM 2009 trial, com par ing early vs late ASCT in patients 
treated with VRd induc tion, showed that the PFS of MRD-  
neg a tive HR patients was worse than that of non-HR patients if 
MRD was assessed at the start of main te nance ther apy, although 
it was no dif fer ent if assessed at the end of main te nance  ther apy, 
under ly ing the impor tance of sustained MRD neg a tiv ity in HR 
patients.14

MRD-neg a tive HR patients also had worse out comes com-
pared to MRD-neg a tive non-HR patients in the Myeloma XI trial,3 
which com pared response-adapted inten sive vs nonintensive 
treat ment strat e gies dur ing induc tion, con sol i da tion, and main-
te nance. Finally, unpub lished ana ly ses of the CASSIOPEIA trial 
sug gest that MRD-neg a tive HR patients do not have improved 
out comes com pared to MRD-pos i tive patients.17 These data are 
lim ited by the small num ber of HR patients included in the sub-
group ana ly ses.

Table 1. MRD meth ods used for BM assess ment

NGF NGS

Applicability Nearly 100% ≥90% (lim ited mainly by somatic hypermutation of the 
orig i nally iden ti fied malig nant clone)

Baseline sam ple Not required Required; patient-spe cific probes are not required

Quantity of sam ple required Up to 10 mil lion for 10−6 sen si tiv ity 2-3 mil lion for 10−6 sen si tiv ity

Sample processing Needs to be processed within 48  h. MRD test ing is  
fre quently “reflexed” in patients with no BM  
involve ment despite resid ual detect able M pro tein 
while awaiting M pro tein quan ti fi ca tion tests.

Can be delayed; can use both fresh and stored sam ples

Sample qual ity con trol Yes (highly repro duc ible detec tion of hemo di lu tion in 
each sam ple)

No

Sensitivity ≥1 in10−5 ≥1 in 10−6 (only lim ited by the num ber of cells pro vided 
by the biopsy)

Additional infor ma tion Ability to eval u ate BM micro en vi ron ment and  
hema to logic sub pop u la tions

Information about immu no glob u lin gene rep er toire of  
B cells in the stud ied patient sam ples

Turnaround for results A few hours with auto mated soft ware avail  able Approximately 1 wk

Availability Eight or more color flow cytom e try requires more 
expe ri enced lab o ra to ries. Many lab o ra to ries have 
adopted the EuroFlow lab o ra tory pro to cols and use the 
EuroFlow MRD tubes.

So far lim ited to 1 com pany/plat form that has US Food 
and Drug Administration approval

Cost Approximately US $500/sam ple Approximately US $1100
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The treat ment strat egy of achiev ing MRD neg a tiv ity may not 
be impor tant. This was dem on strated in an anal y sis of the CAS-
SIOPEIA trial,18 which eval u ated the addi tion of daratumumab 
to a trip let induc tion reg i men and found that MRD-neg a tive 
patients had sim i lar PFS irrespective of the treat ment arm to 
which they were ran dom ized. However, in IFM2009 PFS was 
improved in MRD-neg a tive patients ran dom ized to receive up-
front  trans plant when MRD was assessed prior to the ini ti a tion 
of main te nance, although PFS was no dif fer ent when MRD was 
assessed after 12 months of main te nance.14

We can there fore inform both patients in the clin i cal cases 
that achiev ing an MRD-neg a tive CR after ini tial ther apy is asso-
ci ated with lon ger remis sion and sur vival. For patient 1, it likely 
does not abro gate the neg a tive impact of HR cyto ge net ics. For 
both patients, there is no evi dence to sup port mod i fy ing ther-
apy based on MRD results.

CLINICAL CASE 1 AND 2 (Con tin ued)
Nine months later patient 1 becomes MRD pos i tive but remains 
in hema to logic CR. In patient 2, a repeat BM biopsy 12 months 
after the ini ti a tion of ther apy is now con sis tent with MRD neg a-
tiv ity. They want to know what this means.

What is the sig nif  cance of sustained MRD neg a tiv ity  
or late con ver sion to MRD neg a tiv ity?
Response kinet ics need to be con sid ered in rela tion to MRD 
test ing. The Myeloma XI trial showed that MRD-pos i tive patients 
at 3 months or more post ASCT converting to MRD-neg a tive at  
9 months or more had sim i larly favor able out comes to patients 
achiev ing MRD-neg a tive dis ease for 3 months or more and 
maintaining it for at least 9 months, and vice versa. Short-lived 
MRD neg a tiv ity (neg a tive at 3 months but pos i tive at 9 months) 
had sim i lar out comes as MRD pos i tiv ity at 3 or more months.3 
Additionally, sustained MRD neg a tiv ity is usu ally tested at 6- and 
12-month inter vals and has been con sis tently asso ci ated with 
improve ments in PFS in both trans plant-eli gi ble and trans plant-
inel i gi ble newly diag nosed or relapsed patients.3,19,20 Conversion 
to MRD pos i tive from MRD neg a tive even with out any other evi-
dence of dis ease pro gres sion is asso ci ated with a worse prog no-
sis. A recent large sin gle-cen ter anal y sis showed that con ver sion 
to MRD pos i tive was asso ci ated with clin i cal relapse in 72% 
of patients at a median of 12 months and a bio chem i cal-only 
relapse at a median of 6 months.21 Additionally, sev eral stud ies 
sug gest that patients with grad ual hema to logic responses have 
bet ter out comes com pared to patients achiev ing early deep 
responses,22,23 reflecting per haps a more indo lent dis ease biol-
ogy. Early attain ment of MRD neg a tiv ity was asso ci ated with a 
shorter time to MRD-pos i tive con ver sion,21 under ly ing the impor-
tance of serial MRD assess ments, espe cially for HR patients.

We can there fore inform patient 1 that con ver sion to MRD 
pos i tiv ity is a bad prog nos tic sign. While there are no data to 
inform changes in ther apy in MRD-pos i tive con ver sion, many 
experts would rec om mend chang ing ther apy in this fit HR 
patient given the extremely poor out comes of this group. We 
can inform patient 2 that con ver sion to an MRD-neg a tive state is 
a favor able prog nos tic sign.

CLINICAL CASE 1 (Con tin ued)
The patient is dis ap pointed and asks if there is a role for a PET 
scan or mag netic res o nance imag ing (MRI) to detect early signs 
of bone dam age.

What is the role of advanced imag ing in assessing MM 
bur den?
BM assess ment has lim i ta tions. BM involve ment by MM can be 
“patchy” and dis ease “hot spots” can be missed after a sin-
gle biopsy attempt. MM can be pre dom i nantly extramedullary 
(EM), and finally, BM biop sies are not con ve nient. Whole-body 
MRI or PET/CT can pro vide addi tional prog nos tic infor ma tion in 
patients achiev ing deep hema to logic responses and, depending 
on the find ings, may lead to a change in ther apy if sig nifi  cant MM 
bur den is iden ti fied.24

The asso ci a tion of a pos i tive PET/CT with MRD sta tus and its 
prog nos tic sig nifi  cance have been eval u ated in sev eral stud ies. 
Patients with MRD-neg a tive BM can have PET avid lesions in 12% 
to 20% of cases after first-line ther apy and up to 50% in relapsed 
dis ease, con sis tent with high rates of oligosecretory EM dis ease 
in this set ting.25,26 In the PETHEMA/GEM2012MENOS65 trial,15 7 
of the 14 MRD-neg a tive patients relaps ing in the study remained 
BM MRD neg a tive upon relapse and had evi dence of plasmacyto-
mas, which under lines the impor tance of EM dis ease assess ment. 
PET-pos i tive patients con sis tently have worse out comes regard-
less of MRD or hema to logic response sta tus.24-27 The impact of 
MRI find ings on prog no sis is less clear. MRI neg a tiv ity in patients 
early after ther apy in the IFM 2009 trial was not asso ci ated with 
PFS or OS.26 This is likely because of the lower sen si tiv ity of MRI in 
dif fer en ti at ing active vs old MM lesions and there fore the smaller 
num ber of MRI-neg a tive patients. Novel MRI tech niques may be 
supe rior in dif fer en ti at ing between active and old MM lesions, 
but more stud ies are needed to estab lish their value for this. In 
our prac tice, PET/CT is used more fre quently for the eval u a tion 
of resid ual bone dis ease after ther apy, and the results are con-
sid ered in con junc tion with the patient’s hema to logic response 
and clin i cal pic ture.

In this case performing a PET/CT scan is rea son able, espe-
cially con sid er ing the EM dis ease at diag no sis, her early con ver-
sion to MRD pos i tiv ity, and her HR sta tus.

CLINICAL CASE 1 (Con tin ued)
The patient has a neg a tive PET/CT scan and elects close 
obser va tion. She is tired of fre quent BM biop sies and com plex 
 imag ing and is inquir ing about more sen si tive blood-based 
assays to fol low her dis ease.

CLINICAL CASE 2 (Con tin ued)
The patient is happy to hear he is now MRD neg a tive. How-
ever, he still has detect able IgG kappa in his serum and this 
con cerns him. He read that daratumumab is detect able as an 
IgG kappa by con ven tional meth ods and wants to know more 
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about the abil ity of Matrix-assisted laser desorp tion/ion i za tion- 
time-of-flight (MALDI-TOF) mass spec trom e try in resolv ing 
daratumumab inter fer ence.

What is the role of novel blood-based assays  
in char ac ter iz ing cir cu lat ing mono clo nal pro teins?
NGF and NGS approaches used for BM assess ment are not accu-
rate enough for MRD detec tion in the periph eral blood. Mass 
spec trom e try (MS)–based approaches to eval u ate for cir cu lat-
ing mono clo nal pro teins are now used by many insti tu tions and 
have sev eral ben e fits over tra di tional IFE. MALDI-TOF assays are 
the most pop u lar given their high through put and low cost28,29; 
how ever, their sen si tiv ity is not yet high enough for them to 
be used for periph eral blood MRD assess ment. This assay can 
iden tify intact mono clo nal pro teins (Figure 1) with greater sen-
si tiv ity com pared to IFE. It is not yet as sen si tive as serum-free 
light chain test ing when con sid er ing light chain-only cases. As a 
result, it cur rently should be con sid ered a method that could be 
ordered instead of IFE that has sev eral ben e fits, as we high light 
below. In 1 study an addi tional 6% of IFE-neg a tive cases over-
all were reclassified as pos i tive after MALDI-TOF,30 and as many 
as 12% were when con sid er ing amy loid light chain (AL) amy-
loid osis.31 In the case of low bur den states, such as pre cur sor 
dis ease (mono clo nal gammopathy of inde ter mi nate poten tial), 
MALDI-TOF can iden tify approx i ma tely twice as many pos i tive 
cases com pared to IFE.32,33 It remains to be deter mined what the 
nat u ral his tory and clin i cal sig nifi  cance of pre cur sor states iden ti-
fied only using novel, sen si tive assays, termed mono clo nal gam-
mopathy of inde ter mi nate poten tial,33 will be.

MALDI-TOF pro vi des the fol low ing addi tional ben e fits over 
IFE: (1) it can resolve mono clo nal anti body (moAb) inter fer ence, 
(2) it can iden tify glycosylated light chains, which are more likely 
to be asso ci ated with AL amy loid osis and cold agglu ti nin dis-
ease, and (3) it can dif fer en ti ate between path o genic clones 
and non patho genic clones. Currently, the daratumumab IFE 
reflex assay is com monly used to estab lish whether a resid ual 
IgG kappa serum pro tein in patients treated with daratumumab 
is due to resid ual dis ease or the drug itself. However, sev eral 
moAbs used to treat MM (daratumumab, elotuzumab, isatux-
imab, belantamab, and sev eral bispecific antibodies) reach high 
enough con cen tra tions in the serum to become detect able by 
IFE. MALDI-TOF can dif fer en ti ate between a moAb and a path-
o genic clone in 84% of cases (Figure 1).34 The remaining cases 
may need to be reflexed to higher-res o lu tion MS assays since the 
mass of the moAb may be too close to that of the path o genic 
clone. Similarly, MALDI-TOF can dif fer en ti ate between benign, 
oligoclonal, immune recon sti tu tion pat terns, and reappearances 
of the path o genic clone.35 This phe nom e non can occur in up to 
22% of patients, espe cially after ASCT, and is asso ci ated with 
improved out comes.36 Finally, glycosylated light chains (Figure 1),  
espe cially kappa, are asso ci ated at a much higher rate with rare 
dysproteinemias such as AL amy loid osis and cold agglu ti nin dis-
ease and can be pres ent years before diag no sis.37-39

BM MRD and MALDI-TOF were inde pen dently prog nos tic of 
PFS and OS in the STAMINA trial and in sin gle-cen ter stud ies post 
ASCT.40,41 However, more stud ies are required to eval u ate the 
incre men tal prog nos tic value of these assays over BM MRD and 
tra di tional IFE. Finally, MS meth ods pairing high-sen si tiv ity mass 
spec trom e ters with liq uid chro ma tog ra phy are more sen si tive 

than MALDI-TOF and may have a role in MRD detec tion in the 
periph eral blood.42

Circulating tumor cell (CTC) detec tion in the periph eral 
blood using NGF also appears to be a pow er ful prog nos tic 
marker in assessing dis ease out comes. CTCs were eval u ated 
in the PETHEMA/GEM2012MENOS65 trial. Each log increase 
of CTCs was roughly asso ci ated with at least a 10% abso lute 
decrease in 5-year PFS rates,43 although this asso ci a tion was not 
as  con sis tent with OS. CTCs were pre dic tive of PFS in patients 
with MRD-pos i tive CR but not those in MRD-neg a tive CR. Similar 
results were dem on strated in CTC anal y sis from patients treated 
in the FORTE trial,44 where CTCs were pre dic tive of both PFS and 
OS regard less of tra di tional prog nos tic fac tors and hema to logic 
response but not MRD-neg a tive CR. Additional stud ies at var i ous 
time points (eg, relapse dis ease, frail patients) will help clar ify 
the role of CTC eval u a tion in MM prog no sis. Other approaches, 
like assessing cir cu lat ing tumor DNA, are prom is ing but require 
addi tional val i da tion.

Therefore, we can inform patient 1 that MS-based approaches 
used in clin i cal prac tice are more sen si tive than IFE and could 
be use ful to detect an early bio chem i cal relapse. We can inform 
patient 2 that MALDI-TOF can eas ily resolve daratumumab inter-
fer ence, assum ing that his IgG kappa has a dif fer ent mass to that 
of daratumumab.

Conclusions
Novel lab o ra tory and imag ing meth ods to eval u ate dis ease bur-
den pro vide an unprec e dented abil ity to dis crim i nate and sub-
stratify MM patients who achieve deep con ven tional responses. 
Unfortunately, there is as yet no evi dence to sup port indi vid-
u al iz ing ther apy based on the results of these stud ies. This is 
 cur rently done in clin i cal prac tice but only after care fully discuss-
ing it with patients and con sid er ing MM risk and patient frailty. 
In our insti tu tion and out side of clin i cal tri als, MRD test ing is rou-
tinely performed in all  patients with out mor pho logic or immuno-
phenotypic (“low-res o lu tion” flow cytom e try) evi dence of BM 
involve ment by mye loma after ASCT or chi me ric anti gen recep-
tor T-cell ther a pies and to dis cuss prog no sis with the patient. 
There is no con sen sus on the opti mal sub se quent time points 
for BM MRD assess ment or what to do with the result. Therefore, 
these are not performed rou tinely but rather on a case-by-case 
basis and after dis cus sion with the patient about the impact of 
these find ings on prog no sis and man age ment. However, this 
may soon change since sev eral stud ies (Table 2) are cur rently 
eval u at ing strat e gies to adjust ther apy according to find ings 
from these more sen si tive meth ods.

MRD neg a tiv ity is increas ingly being used as an end point in 
sev eral clin i cal tri als; how ever, some chal lenges remain (Table 3).  
Current and future tri als will help answer key ques tions: (1) Should 
ther apy be esca lated or deescalated based on MRD results?  
(2) Can MRD neg a tiv ity be used as a sur ro gate early end point for 
OS in clin i cal tri als? (3) What time points are opti mal for MRD test-
ing according to dis ease set ting (newly diag nosed vs relapsed 
dis ease)? (4) What is the best method, or even com bi na tion of 
meth ods, to use? Finally, a key ques tion lin gers: Why do patients 
with no evi dence of dis ease, despite the use of novel detec tion 
meth ods, relapse? Is it really a pool of plasma cells that remain 
unde tect able at such low lev els that gives rise to relapsed dis-
ease? Is the source of relapse phe no typ i cally or genomically very 
dif fer ent from what we typ i cally con sider a malig nant plasma 
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Table 2. Phase 3 tri als using MRD sta tus to guide inten si f ca tion or deintensifcation of ther apy

Title Intervention/descrip tion Phase Estimated pri mary 
com ple tion date Primary end point Brief out line

NCT04071457
DRAMMATIC study

Drug: lenalidomide
Drug: 
daratumumab/rHuPH20

Phase 3 1 July 2029 Overall sur vival After 2 years of  
main te nance, MRD+ 
patients con tinue with the 
assigned treat ment. MRD− 
patients are ran dom ized to 
con tinue/discontinue  
treat ment.

NCT04513639
REMNANT study

Drug: early treat ment of 
relapse with carfilzomib, 
dexa meth a sone, 
daratumumab
Drug: stan dard  
treat ment of relapse with 
carfilzomib, dexa meth a sone, 
daratumumab

Phase 2–3 1 June 2030 PFS, OS, MRD neg a tiv ity 
after first-line treat ment

Newly diag nosed patients 
are treated with stan dard 
induc tion. Patients that 
reach MRD neg a tiv ity are 
ran dom ized to early  
treat ment after con ver sion 
to MRD+ vs treat ment after 
pro gres sion as defined by 
IMWG.

IMWG, International Myeloma Working Group.

Table 3. Barriers and ques tions for the reg u lar use and future pros pects of MRD use in MM

1. What is the most appro pri ate sen si tiv ity thresh old (10−5,10−6, or higher) to deter mine MRD pres ence?

2. Should MRD− cut offs or require ment for sustained MRD− be dif fer ent according to dis ease risk?

3. What is the opti mal tim ing for MRD assess ment? What are the opti mal inter vals for sustained MRD assess ment?

4. Can cli ni cians inten sify or deintensify their ther a peu tic approaches based on MRD results at dif fer ent time points?

5. How can blood-based and imag ing meth ods com ple ment BM-based MRD assess ment?

6.  Can MRD− be used as a sur ro gate marker for more clin i cally rel e vant end points (ie, PFS and ide ally OS)? If yes, how “much more” MRD− is 
needed for a ther apy to con sis tently lead to improve PFS/OS and in which set ting (newly diag nosed vs relapsed dis ease, high-risk dis ease vs 
not)?

7. Are there tumor-extrin sic fac tors that can explain early relapse in MRD– non–high-risk patients (immunome, microbiome)?

8.  What cells are respon si ble for relapse in MRD−? Are they malig nant plasma cells truly pres ent at very low thresh olds, or are they phe no typ i cally 
and genomically dif fer ent than plasma cells? Are they ame na ble to sam pling by BM aspi ra tion, or are they adher ent to the BM niche?

cell, and is a BM aspi ra tion the best way to sam ple these cells? In 
other words, are we looking for the right cell and using the right 
method? The study of these patients and the answers to these 
ques tions bring us closer to achiev ing a cure for MM.
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