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MULTIPLE MYELOMA: ASSESSING THE PATIENT AND THE DISEASE

    High or low? Assessing disease risk 
in multiple myeloma 
      Tim o thy Martin   Schmidt  
 Department of Medicine, Division of Hematology, Oncology, and Palliative Care, University of Wisconsin, Madison, WI 

   Based upon the devel op ment of highly effec tive ther a pies such as immu no mod u la tory drugs, proteasome inhib i tors, and 
mono clo nal antibodies that tar get plasma cell biol ogy, a dra matic improve ment in over all sur vival has been observed 
for most patients with mul ti ple mye loma (MM) over the past 2 decades. Although it is now com mon place for many 
patients with mye loma to live in excess of 10 years after diag no sis, unfor tu nately a large sub set of patients con tin ues 
to expe ri ence an aggres sive dis ease course marked by sub stan tial mor bid ity and early mor tal ity. Many clin i cal bio mark-
ers and stag ing sys tems in use today can help with prog nos ti ca tion, but accu rate risk assess ment can be dif fi  cult due 
to the pres ence of many dif fer ent bio mark ers with var i able prog nos tic value. Furthermore, with the implementation of 
novel ther a pies and unprec e dented rates of deep and dura ble responses, it is becom ing appar ent that risk assess ment 
is best envisioned as a dynamic pro cess that requires ongo ing reevaluation. As risk and response - adapted approaches 
are becom ing more com mon place, it is essen tial that cli ni cians under stand the bio log i cal and prog nos tic impli ca tions 
of clin i cal, geno mic, and response - based bio mark ers in order to pro mote man age ment strat e gies that will help improve 
both sur vival and qual ity of life for patients across the risk spec trum.  

   LEARNING OBJECTIVES 
    •  Appreciate the impor tance and appli ca tions of accu rate risk assess ment in mul ti ple mye loma 
   •  Understand the clin i cal fea tures and cyto ge netic abnor mal i ties that can iden tify patients with high - risk dis ease at 

the time of diag no sis 
   •  Recognize that risk assess ment is a dynamic pro cess that involves ongo ing assess ment of response to ther apy 

and detec tion of early relapse  

  CLINICAL CASE 
 A 57 - year - old woman with no med i cal his tory pres ents with 
pro gres sive dyspnea and fatigue and is found to have mac ro-
cytic ane mia with a hemo glo bin con cen tra tion of 8.5    g / dL, 
plate let con cen tra tion of 87 K /  µ L, cre at i nine of 0.9 mg / dL, 
cal cium of 9.5 mg / dL, albu min of 3.7 g / dL, and a total pro-
tein level of 8.5 g / dL. Additional workup revealed a  β 2 - 
microglobulin ( β 2M) of 4.9 mg / L, lac tate dehy dro ge nase 
(LDH) of 267 U / L, and an IgA  κ  mono clo nal pro tein mea-
sur ing 3.2    g / dL, free  κ  of 56    mg / dL, and a free light chain 
ratio of 70.4. Positron emis sion tomog ra phy /  com puted 
tomog ra phy showed dif fuse uptake within the osse ous 
struc tures with out dis crete lytic bone lesions. A bone 
mar row biopsy iden ti f ed 70 %   κ  - restricted plasma cells 
with large, atyp i cal appear ance. Karyotype was nor mal 
in 20 cells, and fl uo res cence in situ hybrid iza tion (FISH) 
panel iden ti f ed t(4;14), gain(1q), and  − 13. 

 Concepts of risk strat i fi  ca tion 
 Multiple mye loma (MM) is a com plex dis ease with var i able 
clin i cal fea tures and out comes. In rec og ni tion that out-
comes remain het ero ge neous, many attempts have been 
made to deter mine risk fac tors that can help to iden tify 
patients who are at risk for early treat ment fail ure and mor-
tal ity. Among risk strat i f  ca tion sys tems in MM,  “ stan dard - 
risk ”  dis ease gen er ally expected to fol low a pat tern of early 
and con sis tent response to ther apy with lon ger peri ods of 
dis ease con trol.  “ High - risk ”  dis ease, on the other hand, 
may respond well to ini tial ther apy but devel ops early drug 
resis tance, which often leads to rapid and increas ingly fre-
quent relapses that can result in sub stan tial mor bid ity and 
early mor tal ity. The International Myeloma Working Group 
has def ned high - risk mye loma as hav ing an expected 
over all sur vival of 2 years or less despite the use of novel 
agents. 1  This bench mark was def ned prior to the wide-
spread implementation of many of the drugs that are com-
monly used today, but the con cept remains per ti nent and 
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argu  ably car ries increased sig nif  cance within the con text of 
mod ern ther apy and the pros pect of risk and response-adapted 
man age ment.

It is essen tial for cli ni cians to have a foun da tional under stand-
ing of risk strat i f ca tion in MM for sev eral rea sons. First, this infor-
ma tion helps to set real is tic expec ta tions about prog no sis and the 
like li hood of response dura tion with var i ous ther a pies. Second, 
knowl edge of risk may assist in con tex tu al iz ing man age ment deci-
sions such as whether to add a fourth drug to induc tion, whether 
delayed trans plant is rea son able, or if adjust ments to treat ment 
reg i mens are warranted. Finally, because patients with high-risk 
dis ease typ i cally derive less long-term ben e ft from cur rent ther-
a pies com pared with patients with stan dard-risk dis ease, it will 
be essen tial to accu rately iden tify patients with high-risk dis ease 
who are appro pri ate for clin i cal tri als using novel approaches to 
improve out comes in this at-risk pop u la tion.

Many fac tors con trib ute to dis ease biol ogy and risk in MM, 
includ ing clin i cal fea tures such as dis ease bur den and man i fes ta-
tions, pro lif er a tive abil ity, molec u lar biol ogy and geno mic aber-
ra tions in mye loma cells, and depth of response to ther apy. A 
com pre hen sive approach to risk strat i f ca tion incor po rates all  
of these fea tures while also rec og niz ing that many other fac tors 
influ ence sur vival such as age, med i cal comorbidities, frailty, 
social sup port, access to care, and health care disparities.

Risk strat i fi ca tion and stag ing at diag no sis
Clinical risk fac tors
The frst val i dated prog nos tic stag ing sys tem in MM was the 
International Staging System (ISS).2 This large inter na tional col-
lab o ra tion iden ti fed β2M and albu min, 2 eas ily mea sured and 
highly repro duc ible lab o ra tory tests, as pow er ful bio mark-
ers that could strat ify risk of mor tal ity into 3 dis tinct stages. In 
the revised ISS (R-ISS), cyto ge netic abnor mal i ties and LDH— 
bio mark ers that rep re sent the bio log i cal fac tors of pro lif er a tion 
and geno mics—were added to the model.3 The major advan-
tage of the R-ISS is that it more accu rately identifes patients on 
the extremes of the risk strat i f ca tion schema. However, more 
than half of patients are now grouped into the R-ISS stage 2 clas-
si f ca tion, and out comes of patients in this group remain highly 
var i able. Furthermore, the R-ISS includes only t(4;14), t(14;16), 
and del(17p) as high-risk cyto ge netic abnor mal i ties and does 
not include other geno mic fac tors that have more recently been 
deter mined to be impor tant prog nos tic bio mark ers.

On a con cep tual level, it is some what intu i tive that patients 
with ISS stage 3 dis ease due to high tumor bur den or who are 
more acutely ill at diag no sis are more likely to have aggres-
sive dis ease biol ogy. However, β2M, albu min, and LDH are all  
non spe cifc and can be affected by many dif fer ent (and often 
revers ible) clin i cal var i ables. As such, the ISS and R-ISS do not 
always reflect the under ly ing dis ease biol ogy. Cytogenetics, on 
the other hand, defne the abnor mal molec u lar pro fle of malig-
nant plasma cells and carry inher ent poten tial risk, regard less of 
the man ner of pre sen ta tion. Certainly, patients with extramedul-
lary dis ease and/or plasma cell leu ke mia (PCL)—con di tions that 
are usu ally seen only in late relapse and in which mye loma cells 
have become inde pen dent of the bone mar row niche for sur vival 
and pro lif er a tion—should be con sid ered high risk, regard less of 
cyto ge net ics.4,5 However, cyto ge netic abnor mal i ties, typ i cally 
deter mined by FISH, have become the dom i nant bio marker used 
for risk strat i f ca tion and man age ment deci sions in MM.

Cytogenetics
In cur rent prac tice, both karyotyping and FISH are com monly 
used for assessing cyto ge net ics in MM. By FISH, large struc tural 
aberrancies can be iden ti fed in nearly all  patients,6 and there-
fore FISH is the pre ferred means for iden ti fy ing cyto ge netic 
abnor mal i ties in MM today. Although kar yo type can iden tify 
copy num ber changes and trans lo ca tions among cells in meta-
phase, it appears falsely nor mal in approx i ma tely two-thirds of 
patients with newly diag nosed MM,7 pri mar ily because of the 
rel a tively low pro lif er a tive rate of most mye loma cells. As such, 
abnor mal and/or com plex kar yo type at diag no sis is best con sid-
ered a sur ro gate for increased pro lif er a tion, which is a hall mark 
of aggres sive dis ease,8 but is not recommended as a standalone 
test for cyto ge netic anal y sis.

Approximately 50% of MM cases are char ac ter ized by copy 
gains of odd-num bered chro mo somes (3, 5, 7, 9, 11, 15, 19, and 
21)—com monly referred to as “hyperdiploidy.” Most remaining 
cases of MM are char ac ter ized by trans lo ca tions involv ing the 
immu no glob u lin heavy chain locus at 14q32 and rarely coex-
ist with hyperdiploidy.9 Aside from these pri mary abnor mal i ties, 
which are believed to occur at the ini ti a tion of the plasma cell 
clone, many sec ond ary cyto ge netic abnor mal i ties have also been 
iden ti fed, which have been impli cated in the pro gres sion from 
pre cur sors to malig nancy or dur ing clonal evo lu tion dur ing the 
course of the dis ease. A sum mary of the most com mon pri mary 
and sec ond ary cyto ge netic abnor mal i ties is pro vided in Table 1.

Conventionally, t(4;14) and t(14;16), as well as del(17p), are 
con sid ered high-risk abnor mal i ties, and all  other abnor mal i ties 
have been con sid ered “stan dard risk.” However, over time, new 
insights have led to some shifts in the cyto ge netic risk strat i f-
ca tion schema. Hyperdiploidy con tin ues to be the cyto ge netic 
abnor mal ity asso ci ated with the best over all prog no sis,10 and 
patients with hyperdiploidy are more likely to be “excep tional 
respond ers” to lenalidomide-based ther apy and/or autol o gous 
stem cell trans plant.11,12 Importantly, it must be noted that out-
comes among hyperdiploid patients remain het ero ge neous due 
to the occur rence of sec ond ary cyto ge netic abnor mal i ties and 
other com plex struc tural changes that may affect dis ease biol ogy 
in this large sub set.13,14 Although t(11;14) was ini tially con sid ered 
to have a sim i lar prog no sis to hyperdiploidy, this abnor mal ity 
now appears to por tend inter me di ate risk,15 likely because it has 
not derived as much ben e ft from ther a pies targeting plasma cell 
biol ogy com pared with those with other sub sets of stan dard-risk 
mye loma. However, patients with t(11;14) gen er ally have a bet ter 
prog no sis than those with high-risk bio mark ers, and it remains to  
be seen whether the implementation of B-cell lymphoma 2  
(BCL-2) inhib i tors in this sub set will affect sur vival, based on the 
eff cacy of venetoclax-based ther apy for patients with t(11;14).16

One of the big gest devel op ments in cyto ge netic risk strat i f-
ca tion is the clar i f ca tion of the prog nos tic impact of copy gains 
of chro mo some 1q (+1q), one of the most com mon cyto ge netic 
abnor mal i ties among patients with MM. Although it has long 
been known that many genes involved in high-risk gene expres-
sion pro fl ing are pres ent at 1q21,17 it was only recently that +1q 
has been clar i fed as an inde pen dent prog nos tic fac tor for poor 
sur vival in MM.18-20 The prog nos tic impact of +1q does appear to 
be some what con text depen dent, spe cif  cally regard ing copy 
num ber, for which ter mi nol ogy should be clar i fed. Although 
no con sen sus def  ni tion exists, gain(1q) should be con sid ered 
to indi cate the pres ence of 3 cop ies of 1q, whereas “ampli f ca-
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Table 1. Common pri mary and sec ond ary cyto ge netic abnor mal i ties in mul ti ple mye loma

Abnormality/locus Genes involved Frequency, % Characteristics Prognosis/risk

Primary  
abnor mal i ties

Hyperdiploidy Many/unknown 50 Highly asso ci ated with lytic bone dis ease, 
often as the only dis ease man i fes ta tion
Associated with “excep tional response”  
to lenalidomide

Standard/low

t(6;14)(p21;q32) CCND3 <5 Similar to hyperdiploidy Standard/low

t(11;14)(q13;q32) CCND1 15-20 Lymphoplasmacytoid appear ance, often 
with B-cell expres sion pro fle
High rates of free light chain only, 
oligosecretory, nonsecretory, and IgM/IgD 
mye loma
Most com mon abnor mal ity in pri mary PCL 
and AL amy loid osis

Intermediate

t(4;14)(p16;q32) MMSET 
(WHSC1)

10-15 Large, atyp i cal appear ance of plasma cells
Frequently co-occurs with +1q
May derive par tic u lar ben e ft from 
proteasome inhib i tors com pared to chemo

High

t(14;16)(q32;q23) MAF 5 Frequently asso ci ated with high cir cu lat ing 
free light chains and renal fail ure
Frequent asso ci a tion with APOBEC  
muta tions
Second most com mon abnor mal ity in PCL

High

t(14;20)(q32;q12) MAFb <5 Similar to t(14;16) High

Secondary 
abnor mal i ties

+1q
Gain(1q) [3 cop ies]
Amp(1q) [4 cop ies]

Many (CKS1B, 
MCL1, IL-6R, 
PBX-1, ADAR1, 
SLAMF7, 
FcHR5)

40
30
10

Can co-occur with stan dard-risk or high-
risk cyto ge net ics; more strongly  
asso ci ated with high risk
“Jumping 1q” syn drome asso ci ated with 
geno mic insta bil ity
Copy num ber can increase over time

High
Risk increases 
as copy num ber 
rises

Del(1p) CDKN2C, 
FAM46C

5-10 High

Del(17p) TP53 5-20 Can be acquired at any time in dis ease 
pro cess
Higher pro lif er a tive rate and LDH
Prognosis may be depen dent on clonal 
frac tion and/or coex is tent TP53  
muta tion

High

MYC 
rearrangement

MYC 40 (all  SV types)
5-10 (immu no glob u lin 

trans lo ca tion)

Associated with higher dis ease bur den 
and β2M
Commonly seen in hyperdiploid sub set, 
rarely with t(11;14)

High
Prognosis 
depends on type 
of rearrangement, 
worse for IgH/IgL 
trans lo ca tions

−13 RB1, DIS3, 
oth ers

~50 Very com monly iden ti fed in both stan dard 
and high-risk patients, more fre quent in 
high risk

No impact;  
pos si bly high  
risk if found  
on kar yo type

Hypodiploidy Many ~20 Defned as loss of chro mo somal mate rial
On kar yo type, 45 or fewer chro mo somes; 
on FISH, can man i fest with loss of IgH, 
MAF, or other probes

High

AL, amyloid light chain; SV, structural variant.

tion” or amp(1q) should be reserved for patients with 4 or more 
extra cop ies of the 1q probe.21 Whereas the impact of gain(1q) 
may depend on choice of ther apy and coexisting cyto ge netic 
abnor mal i ties, amp(1q) is uni ver sally asso ci ated with poor sur-
vival.18,20,22 In rec og ni tion of the impact of +1q on sur vival, mul ti-
ple new risk clas si f ca tion sys tems, includ ing the Mayo Additive 
Staging System23 and Second Revision of the ISS,24 have been 
pro posed, incor po rat ing +1q along side the con ven tional R-ISS 
cri te ria.

Rearrangements involv ing MYC at 8q24.1 have been impli-
cated as key events that drive pro gres sion from pre cur sor states 
to symp tom atic dis ease25,26 and have been pro posed to por-
tend a poor prog no sis among patients with MM.27 Through the 
use of next-gen er a tion sequenc ing in the Clinical Outcomes in 
Multiple Myeloma to Personal Assessment study, approx i ma tely 
40% of patients with MM have struc tural var i ants involv ing MYC, 
but the poor prog nos tic impact appears to be lim ited to those 
with an immu no glob u lin locus trans lo ca tion.28 Although MYC  
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Figure 1. Emerging techniques for risk stratification in multiple myeloma. Each of these tools has potential for researching disease 
biology and for implementation in the clinic for real-time assessment of disease control and/or risk. cfDNA, cell-free DNA; CPCs, 
circulating plasma cells; CyTOF, mass cytometry time of flight; MGUS, monoclonal gammopathy of undetermined signifcance; NGS, 
next-generation sequencing.

rearrangements can be seen in con junc tion with any other 
abnor mal i ties, they are highly asso ci ated with hyperdiploidy,27,28 
and this may par tially explain some of the unex pected early 
relapses in that sub set.

Several recent stud ies strongly sug gest that high-risk  dis ease 
might not be defned by any one geno mic abnor mal ity but 
rather that the high-risk def  ni tion might be con text depen-
dent and/or require com bi na tions of high-risk fac tors. Indeed, 
through whole-genome sequenc ing, 2 “dou ble-hit” pro fles were 
 iden ti fed—namely, biallelic inac ti va tion of TP53 and the com bi na-
tion of amp(1q) and ISS stage 3 dis ease—that resulted in a dis mal 
prog no sis.29 Similar fnd ings have been dem on strated in ana ly-
ses of +1q—although gain(1q) may impart worse progression- 
free survival, the worst prog no sis is clearly among patients who 
have amp(1q) and/or +1q in com bi na tion with t(4;14), t(14;16), 
del(17p), del(1p), and/or MYC rearrangements.18,20,30 In fact, it is 
becom ing more appar ent that the tra di tional high-risk mark-
ers may not always por tend high-risk dis ease.31-33 A very ratio nal 
expla na tion for this is the require ment of a “sec ond hit” or the 
accu mu la tion of mul ti ple high-risk geno mic aberrancies in order 

to pro duce true high-risk dis ease that man i fests with bio log i cally 
unsta ble and aggres sive mye loma that is likely to develop rapid 
drug resis tance and early treat ment fail ure.

Although FISH is  able to accu rately risk strat ify many patients, 
the bio log i cal pro cesses in mye loma cells are depen dent not 
only on large struc tural var i a tions but also on point muta tions 
(not cap tured by FISH), tran scrip tion pro fl ing, proteomics, and 
the inter ac tions between MM and the micro en vi ron ment, among 
oth ers. Technologies eval u at ing these ele ments of mye loma cell 
biol ogy have been stud ied and do appear to add prog nos tic 
value in many instances. A sum mary of new tech niques with 
poten tial prog nos tic value is pro vided in Figure 1. In par tic u lar, 
high-risk sig na tures from the GEP70 and SKY92 gene expres sion 
pro fles17,34 and the pres ence of chromothripsis and APOBEC muta-
tional sig na tures detected on whole-genome sequenc ing appear 
to be very pow er ful tools to iden tify high-risk patients.35,36 Fur-
thermore, detec tion of low-level cir cu lat ing plasma cells by flow 
cytom e try can also iden tify patients with oth er wise stan dard- 
risk fea tures who have a worse prog no sis.37,38 Comprehensive 
immune pro fl ing may also allow for improved risk strat i f ca tion 
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and/or pre dic tion of out comes to ini tial ther apy.39,40 Integration 
of these tools into rou tine risk strat i f ca tion will help to fur ther 
char ac ter ize the spec trum of risk pro fles that can be observed 
in MM and hope fully will help to clar ify which risk fac tors can be 
over come through the use of cer tain ther a pies and which will 
require novel strat e gies.

CLINICAL CASE (Con tin ued)
The patient was diag nosed with ISS stage 2, R-ISS stage 2 MM 
and con sid ered to have high-risk cyto ge net ics due to t(4;14) 
and gain(1q). She was started on daratumumab, bortezomib, 
lenalidomide, and dexa meth a sone, achiev ing a complete 
response prior to under go ing high-dose ther apy and autol o-
gous stem cell trans plant. Restaging eval u a tion at day +90 
showed that she had achieved a strin gent complete response, 
and mea sur able resid ual dis ease (MRD) anal y sis by flow cytom-
e try showed no evi dence of resid ual dis ease at a depth of 10−5.

Dynamic risk strat i fi ca tion
Response
Beyond geno mic fac tors, an established risk fac tor in MM is 
achieve ment of a deep response. Specifcally, it is now rec og-
nized that achieve ment of MRD neg a tiv ity is a pow er ful prog-
nos tic fac tor—and in fact, mul ti ple stud ies have shown that this 
is a more impor tant prog nos tic fac tor than cyto ge netic abnor-
mal i ties.41,42 In the PETHEMA/GEM2012MENOS study, patients 
who achieved MRD neg a tiv ity by flow cytom e try at a depth of 
10−6 had almost non ex is tent rates of pro gres sion, regard less of 
cyto ge netic risk, argu ing that achieve ment of MRD neg a tiv ity 
may over come the adverse effect of high-risk cyto ge net ics.43 
Furthermore, in that study, detect able MRD was asso ci ated with 
the same risk of pro gres sion, regard less of depth of response by 
stan dard International Myeloma Working Group cri te ria.44

Based on these data regard ing the impor tance of MRD, 
this pro vi des an oppor tu nity for dynamic risk assess ment and 
mod i f ca tion of risk assess ment over the course of the dis ease. 
 Standard-risk patients who fail to achieve MRD neg a tiv ity have 
a higher risk of pro gres sion com pared with those who are MRD 
neg a tive. Similarly, high-risk patients who become MRD neg a tive 
may still derive the long-term ben e fts seen among patients with 
MRD neg a tiv ity and per haps expe ri ence sur vival in excess of 
patients pre vi ously believed to have stan dard-risk dis ease who 
fail to respond well to ini tial ther apy. In addi tion, MRD assess-
ment should be con sid ered a quan ti ta tive var i able mon i tored 
over time rather than a sin gu lar cat e gor i cal assess ment. Among 
patients who are MRD pos i tive, sequen tial test ing with deep en-
ing of response is asso ci ated with bet ter out comes com pared 
with sta ble or increas ing dis ease bur den,45 and sustainment of 
MRD neg a tiv ity over time has been well described as a more 
impor tant prog nos tic fac tor than a sol i tary assess ment.45-47

The pow er ful prog nos tic data pro vided by MRD assess ment 
must be taken into account for accu rate dynamic risk strat i f ca-
tion in MM. However, care should be taken not to aban don the 
con text pro vided by risk strat i f ca tion at diag no sis. Certainly, 
some patients with stan dard-risk dis ease expe ri ence years of sur-
vival with out MRD neg a tiv ity—as seen for those with a mono clo-

nal gammopathy of unde ter mined sig nif  cance-like expres sion 
pro fle48 and many of the “excep tional respond ers” to lenalido-
mide ther apy.11 By con trast, despite sustained MRD neg a tiv ity, 
in the MASTER trial, much higher rates of MRD resur gence or 
pro gres sion were seen after treat ment dis con tin u a tion among 
patients with ≥2 high-risk FISH abnor mal i ties.49 As such, dynamic 
risk assess ment allows for improved prog nos ti ca tion and pro vi-
des addi tional con text for man age ment deci sions in MM but is 
best implemented along side, rather than as a replace ment for, 
risk strat i f ca tion at diag no sis.

CLINICAL CASE (Con tin ued)
After dis cus sion of pos si ble main te nance reg i mens, the patient 
elects for risk-adapted treat ment with lenalidomide and borte-
zomib. After 6 months, bortezomib is discontinued. One year 
after trans plant, she is noted to have ris ing free κ. She is started 
on sec ond-line ther apy with isatuximab, carflzomib, and dexa-
meth a sone. She has a rapid response and tol er ates ther apy 
well. After 4 cycles, she devel ops severe fatigue with wors en-
ing of ane mia and dark stools. A large, bleed ing mass in the 
stom ach is iden ti fed and deter mined to be a κ-restricted plas-
macytoma. Positron emis sion tomog ra phy/com puted tomog-
ra phy shows bright uptake in the stom ach, as well as addi tional 
sites through out the gas tro in tes ti nal tract and sev eral pleu ral-
based nod ules. Free κ mea sures 4 mg/dL and free λ is unde-
tect able, with an M-spike of 0.2. Bone mar row biopsy spec i men 
shows 30% plasma cells, with t(4;14), amp(1q) (4-5 cop ies of 
CKS1B), and −13 and a com plex kar yo type with hypo dip loidy.

Progression and clonal evo lu tion
In addi tion to MRD assess ment, ongo ing sur veil lance remains 
impor tant. Progression within 18 months of diag no sis after receipt 
of autol o gous stem cell trans plant is a very poor prog nos tic sign, 
regard less of cyto ge netic risk.50 In addi tion, among patients 
achiev ing MRD neg a tiv ity, resur gence of detect able MRD is a har-
bin ger of pro gres sion and car ries a worse prog no sis than never 
hav ing achieved MRD neg a tiv ity.46 It remains unknown whether 
inter ven tions for early relapse and/or MRD resur gence can over-
come the prog nos tic impact of these events, but iden ti f ca tion 
of early relapse should prompt the treating cli ni cian to con sider 
refer ral for clin i cal tri als using novel treat ment strat e gies to over-
come high-risk dis ease.

Management of relapsed/refrac tory MM can be very chal-
leng ing. Although some patients may expe ri ence long dura tions 
of dis ease con trol with sec ond- and third-line ther a pies, dura-
tion of dis ease con trol often short ens with suc ces sive ther a pies, 
and attri tion rates are high.51 This pat tern is reflec tive of geno mic 
insta bil ity and is a rel a tively com mon path way of end-stage MM. 
Patients with high-risk cyto ge net ics may reach this phase more 
rap idly, some times with devel op ment of addi tional cyto ge netic 
abnor mal i ties such as amp(1q) or del(17p).52,53 Furthermore, as 
mye loma cells become refrac tory to ther a pies that are pri mar-
ily inhibiting path ways upregulated in nor mal plasma cells, the 
malig nant clone may develop a more poorly dif fer en ti ated phe-
no type with higher rates of extramedullary dis ease, sec ond ary 
PCL, and nonsecretory/oligosecretory dis ease.
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Although there is rea son for opti mism due to novel ther a-
peu tics, includ ing chimeric antigen receptor-T cells and bispe-
cifc antibodies, the unfor tu nate real ity is that many patients, 
par tic u larly with high-risk dis ease, are unable to receive such  
ther a pies due to poor access or inabil ity to sus tain dis ease 
con trol to allow for enroll ment on clin i cal tri als or to suc cess-
fully undergo chimeric antigen receptor-T cell manufactur ing. 
Development of PCL or oligosecretory dis ease can also pre vent 
patients from being included in impor tant clin i cal tri als. There 
is a crit i cal need to iden tify patients with high-risk MM early in 
order to facil i tate refer rals for inno va tive clin i cal tri als that seek 
to over come high-risk biol ogy through the early implementation 
of cel lu lar ther a pies at a time when this is more likely to be fea si-
ble and pos si bly more effec tive, before the devel op ment of end-
stage mye loma.

In con clu sion, com pre hen sive risk assess ment of patients with 
MM is essen tial both at diag no sis and through dynamic mon i-
tor ing. Risk in MM is best con sid ered on a spec trum, with the 
con sid er ation that mye loma is a com plex dis ease through which 
mul ti ple clin i cal and geno mic fac tors, as well as clin i cal course, 
affect patient out comes. A visual char ac ter iza tion of this con-
cept is depicted in Figure 2. Knowledge of clin i cal and cyto ge-
netic risk pro vi des the oppor tu nity to set real is tic expec ta tions 
with patients and con tex tu al ize man age ment deci sions. High- 
sen si tiv ity MRD test ing and mon i tor ing for early pro gres sion 
allows for the iden ti f ca tion of patients who need to be con-
sid ered for more aggres sive inter ven tions early in the relapsed 
set ting. As our under stand ing evolves regard ing the inter ac tions 
between geno mics, bio log i cal man i fes ta tions of dis ease, and 
response to ther apy, new insights will be devel oped that might 
help to iden tify patients in need of dif fer ent treat ment strat e gies 
early in the dis ease course and also to avoid over treat ment of 
patients who may not require such an approach. The future for 

patients with MM is bright, and com pre hen sive risk eval u a tion 
will help to indi vid u al ize man age ment and improve the chances 
of long-term high-qual ity sur vival.
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