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Abstract

Multiple myeloma (MM) is a hematologic malignancy characterized by abnormal proliferation of
plasma cells in the bone marrow, with prominent features of high heterogeneity and frequent relapse.
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With the emergence of various novel agents and advances in therapeutic techniques, most patients
with MM can achieve clinical remission. However, conventional detection methods fail to identify min-
imal residual tumor cells, namely minimal residual disease (MRD), which is the root cause of disease
relapse. In recent years, the clinical value of MRD in MM has become increasingly evident, yet numer-
ous controversies remain to be addressed. This article systematically reviews the practical value of
MRD in MM based on recent domestic and international studies, deeply analyzes the major current con-
troversies, and explores future research directions, aiming to provide a reference for the implementa-
tion of individualized precision therapy in MM.
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1. 51§

VRN — PR T 2 A M ) 2t S B MR, 22 R 1 BB YRS (multiple myeloma, MM 32 B4R A 1 il
R SR AT K G B, 40 b R v I G0 P BR AR 1 (monoclonal immunoglobulin, MI) R A0 8% LR & 5t
BHEE 2 AT, ShREsd. BIaeA4. . S FE S 2 FIRKRRI 1] [2]. BUERIH MM
29 MR ARG 10%, B NFEBARUCRERL 1710 TN, FRMUIET R L) 0.67/10 JIN, mRKF®
N 55~65 %, B kmELLHEIZ) 2.35:1 [3].

ITAER, BEAE RIT K, MM 297 1 2B AL G i DL T O 383 % 1) LUBT AY 25 0 08 = i A
PR1EIG YT (personalized treatment, PT)1E 3[4 ]; Z045 3 BH 25 WA 1697 A R 71A 80%~95%, 56 4= 2% fiff (com-
plete remission, CR)% N 15%~50%, [R5 H 7 A4 47 i (median survival time, MST) B i SE K [5]; {H 75 %
ZAG R R A A IR E EE A S ——CR BH 5 FERFE 80%, HAMIRIE TN AF/ER/INE
J#i(minimal residual disease, MRD) [6]. MRD #5 Il & I i 0k RRAR VA TT 5 R P B A7 ) /b 5 B B9 B e
77 F0 iR 20 A, R RIS S 2R T2 AR R 3 i v R ORI AR R I« SRV 2 5 X T B AL MRD:
2016 4F [E brE #6981 2H (international myeloma working group, IMWG)¥ MRD V837 FrtEAI N MM 257
Fard, 2017 5 E K 455 0E M 4% (national comprehensive cancer network, NCCN) & 4 [F MM 297 $5 # Y%
MRD BAPERIFFSE MRD B AE A7 20k bt 5 s FEI7 BB AR[ 7] [8]. [EIRTIEAER MRD B AR H
H AR HAE MM 297 A H a2, (BERIIEORIERE . BE e, RN J7 ROl & 2 07
2, MRS —MiE. AXBELEX MRD £ MM 5 At K IR IR G 30T RGEMmEE, Nk
RIS

2. MRD XS 58N RER
2.1t

HRRT MM K MRD € 3. BELFEIRIT . TUENGT BGE 4R i 7 5 o B sksh
L AR BRAT R BAT S BEVE S BERE 7T K0 57 SR A, AR T 8 MR &S A A BR (limit of detection, LOD),
Xt MM 1 5 R 7 A LE IR T 5% (E ATl iy RIS AR IR [9]. Bz H LS A,
MRD e SRS #E izl (635 K A JIRg B, VYT 7 SRIRSR . T RV L 500 SR T ) B 4B AR 10]. {H
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it 2B E MRD TR BE FREEAPEIF A RORE SR IE &, X R 2 M AT 3 A R B AT A
BRI ARML, 10 SE B L B 1A Y T RT BEAF L R PR e 20 P B i BB A MBIV I, — B SE A R] i
e RESE PSR 2 F 85, 9 PT RE B MM Bk (117,

2.2. EEWMBAR K ER

7R MM AH ¢ MRD AR 32 2255 PR 28 T4 M 7P IR il BoR 5 258 T2 7K S IR il B R 5
it ZAEAW R R IRERE AN, Hod AR 2041 i R (next-generation flow cytometry, NGF) [12]5 —AX
P F[13] (next-generation sequencing, NGS) 2432 # i Ml IR E JAG il F A

2.2.1. ETFRAEKERIRMHAR

EEARZ OB R E R LIE RS, 2 S H A MR (multi-parameter flow cytometry,
MFC) J NGF A N EHBAR[14]. MFC KH 4~6 (Afifkdl A, REUZEWIE 104~107°, BAPE. KK
A LHRIELFEARZEMA[15]. NGF MR 8 Bl i@ REEA, REEEIE 1075109 HFEHN
CD38/CD138/CD45 k% CD19. CD56 1) “/H4L” fifhsl &l id A izt 2 % X 7w fE[16]. PAMEIRIL
7] Jey BRAE T3z S23a i . BRAEHORFEmR, Hak B FECEPURTT &P CD38 A HE i BRI,
IR A I RS [17] 6

2.2.2. ETFHFREHRUBEAR

I FACP R AL OAE T U IS DR AE T SC A, 048 NGS. 5258 i 5 5 G lgHE I N (real-time
quantitative polymerase chain reaction, qRT-PCR) LA S % HE #Z IRl (RN A sequencing, RNA-seq) [18]-[20].
NGS 1L fe e sk i E H A B R B RTIL 10°5~107°, & F 258 90%, ATl s R A B 5 T hrifk
b, (HB SRR R T HARH ISR FE A [21]. qRT-PCR 1AM R BRI E A 24, FR &AM E
W51, H. 5 KR R R A T 2T NGS B [22]. B BOR RNA-seq I I ] i b 5 e R ]
BRI RA T, £RBUEAZHTE NERift e RAE R, FNEmEE S, HERET
A SRR S, B AT AL T IR SRR B (23]

2.2.3. HftmsAR

YA qQRT-PCR 722 i, 5 PCR (digital PCR, dPCR ) it 5431 5 o il H: R BU% ik 1076~1077,
Hfsmtem, (2R TRASEAETN[24]. B RITHENLNEZ 2144 (positron emission tomography-
computed tomography, PET-CT) H # 3= 2N H T #84 MRD ikt 00, HAZIR T REUE. RS E
A, HEr R AE A AT B[ 25]
3. IRRE AR

PEBEXT MRD R AR AW e, HAE MM PG RN A EZEINER. MAHZ) 2, SRR
MM KHESITIZ O iR R —. A F EEH TR0 S HIW ¥697 7 RAEE IR R 5 2 )7 1
3.1. TR0EE

ETEEEEY. ILE M EASERES MM JT 80P 5N CR. AEF U385 G2 f# (very
good partial response, VGPR)SE, {HH G SAETANGEX 4r CR BFH KN £ SAAE MRD, HELAREN BEE
RIS FEAT HER A [26] [27]. 24T IMWG SEAUZHLG 4% MRD I NT7 RO A &R, $#2HH “MRD
[ ) 58 4 25 AR (CR-MRD ) A5, Bl CR [FI MRD &t B (GRB8UE >107%), K E KRG
B BRI 28] 534 MRD 0l T X AN [FYA 7 77 97 ROdAT WA, HBh A& KPR AT B Je B
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ITRG  WIR AT HRSE K2R 1k S s R B 16T &
3.2. TGS e

1E2R MM B2 TS O TN R 7, MRD &5 3R -5 Joidk g 22 47 W (progression-free survival, PFS). A4
17 (overall survival, OS)ZF % VIAHE[29]. 53R MRD BIPE LR RRSEIPE B E TS . 07 PFS Hi %
BT BAPEESE, SR EBE . A ICE L 5 R SR K[30] [31]. PRI B 2 B 1 B PRt
[ 12 F B PG s, 7K T B2 18 B e FH 0 7R 2 R AU s 1R RS B a8 A K P AT
TR [32]. 5341, XFTHEA m G g AL 7 5 8, MRD A] SEILRS 73 J2 IR AN [F] T2

33. IAIT A RIFE

a8 S MAMIATT & MRD A A% OB, 1k FEIRIT BRTT A R A2 7R BRIl s X AR
TEYLIE 4555 5 R G 16T S AN FIRY B [33]. FEVLE YE Y7 M B, CR {H MRD BHPE 8 3 75 ZE5R 07697 1 MRD
FE DU AT el R 9 iR S I B (34 4EFRIRTT B B H A4t 28 e B 48 (autologous stem cell transplantation,
ASCT)J5 MRD B 4556 4E 55 A7 IS K1 MRD BHAM: U 75 B AE KR 7 I K BUE #2549, 534 MRD B #%
FH 5 J3 SR Ra T 8 1[35] [36]. X TEKJGIRITHEL, MRD BIPESRRGREGTT A 22 MRD BHPEEK
ST v ) 75 B B I B R 9T SR (37 ]
34. ERUE

LR MRD & 5T MM Z2ff G4 B 2 15 S R S BUR TR bR, 2 I AR (1 HH IR R 2 5T 4 A
G 1) firh 98 200 A 458 Bk oy S P LA T [38]. MRD FHME . AR R R B AN E TGS, KT
Tfe il WA gt e . R AE AR KA.
4. GRS

JRUE R Z I F R B MRD 7E MM G RS B BEK, RS 75 ZE TR A I AR bR AL H5cHfs
B GRS 2 7 4, Tk — @ e A 7808 R AL R .
4.1. AU ARIREW

Bz g M RN S R E SN —. — T HAR IR AR IR G b E N TR
AR NGF 5 NGS &G ML, M THIE AR IELFEbr A B E AL TR NGF, (HAE R AR MR NGS
R, RIS B T2 2R IT ML B = NGS FEEE 77, X 5 B0 5 sk = ] LePE[39]. 55— 7 TH 2 HAE
5 REREh = 5 —FrifE, NGF BIHUAH G BITHRIEAE, NGS FEARREL . 7R 4525 52 A RS
U 28 57 K [40] o B AR ASIE PEAS R 2 T HRAR M 25 51, 0 0B BE bR A QM 5 BURE i 22 . B85 MRD
R ¥ TE 4 —ARitE, 1 PET-CT 25 F- BB A7 £ B R BRME41].
4.2. FISARERLZ 55—

REZARBAELCT T . H56, MRD PEE LS BEASE—, IMWG #E12 REUZ8>107, HEfaEs
R ZE G RIBPE DL LA T 1070107 2[R SE Wn el T H o3 iR [42]. R, X “RrfAtk” w1
B 12 AN ) LB R G I R S = 48— hrdE[43 ] 55 =, W] SRR S B Tt B = 4 — S 44]

4.3. IERNRAF
S RTHE U MRD N A sk = 48— FriE . 25—, BETRE MRD fF 7677 4 L4845, {KfE &% MRD
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FREEIATE >2 fFJE R MR L ILERAYT, SfaBE RO T EEKYERHAITIN ], H A6 = B S [45].
5, MRD XS AN [F) NS A (B AFAE 4 0, B ot TGS 2848 J 3% A B AL 22 )% 1 9 (smoldering
multiple myeloma, SMM) & H A 1 AE I IR[46]. 5=, WK MRD S40Mifife4. g-faka A
EFRARIE L A 75 BB = TS I W e, = 4 — TG [47 ]

5. REERE

B MM 2R IR, MRD FlE AR B S HHEAHES) T MM IS #EIR YT SR AR U1 NGF
NGS E77 Ror A « FiUa FIWT 52 05 % 1 FEAEH; [A CR-MRD FAPECXT MM &R ETT H AR,
BETT LB T2 KIS HEIR YT . {H MRD £ MM RN AEAEVE 2 4000 Xl SR ROR R B £
OO KRBEARRTTT, Gi— e, WIRARATA SR, AR IR . BRRRASE. 55— 51, BB N TR e
TYHR BOWE AL S A B T MAORS HE S T R BOPR R, 4% MRD PR 5T B0G Y7 SRS . ARl . kS
#ES T4, HET RS0 B R .
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