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Abstract

Objective: To investigate the predictive value of combined detection of nucleated red blood cells
(NRBC) and platelets (PLT) in peripheral blood for early treatment efficacy in newly diagnosed mul-
tiple myeloma (MM) patients. Methods: Clinical data of 115 newly diagnosed MM patients from May
2020 to May 2023 were retrospectively analyzed. According to the International Myeloma Working
Group (IMWG) criteria, patients were categorized into a chemotherapy-responsive group (n = 63)
and a chemotherapy-nonresponsive group (n = 52). Intergroup comparisons were performed using
X% or Mann-Whitney U tests. Univariate and multivariate logistic regression analyses were em-
ployed to identify independent factors influencing treatment efficacy. The predictive performance
of NRBC and PLT, both individually and in combination, was assessed using receiver operating char-
acteristic (ROC) curves and Delong’s test. Further analysis was conducted on efficacy-influencing
factors within the NRBC-positive subgroup. Results: Baseline characteristics did not differ signifi-
cantly between groups. Compared with the responsive group, the nonresponsive group had older
age, higher Eastern Cooperative Oncology Group (ECOG) scores, more advanced Durie-Salmon (DS),
International Staging System (ISS), and Revised-ISS (R-ISS) stages, a higher proportion of NRBC pos-
itivity, PLT < 148 x 10°/L, and combined high-risk genetic abnormalities, as well as higher immu-
noglobulin (Ig), uric acid (UA), and Sz-microglobulin (2-MG) levels, and lower hemoglobin (Hb) lev-
els (all P < 0.05). Multivariate logistic regression indicated that NRBC > 0 (OR: 3.958, P=0.021), PLT
<148 x 10°/L (OR: 10.536, P < 0.001), and age (OR: 1.083, P = 0.019) were independent risk factors
affecting early treatment efficacy. ROC analysis revealed that the areas under the curve (AUC) for
NRBC and PLT alone were 0.729 and 0.724, respectively, while the combined detection yielded an
AUC of 0.811, which was significantly higher than that of each individual indicator (all P < 0.05).
Analysis of the NRBC-positive subgroup (n = 53) showed that the nonresponsive group had older
age, higher NRBC levels, and lower PLT and Hb levels (all P < 0.05). Multivariate logistic regression
confirmed NRBC as an independent risk factor for treatment efficacy in this subgroup (OR = 5.183,
P =0.015). Conclusion: Combined detection of NRBC and PLT in peripheral blood demonstrates high
predictive value for early treatment efficacy in newly diagnosed MM patients. NRBC positivity has a
stratified predictive effect on treatment outcomes, warranting clinical promotion and application.
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1. 5|15

% R MH B8 (multiple myeloma, MM) & 3k LLYG 8 MR R G0SEMR, REA . B B8
FGRED, KPR T-REBESAD F[1]. BZA M (nucleated red blood cell, NRBC) 4 S 7E B A\ b I
I, $RoR T BEAEAE B BE R O A AT A RIS (2] ML/ MR(platelet, PLT)E Jy i #fid Il ) 52 4),
KPP AR 5B BR300 005 S Bt D e 3 o B A DG, I/ INBR ek /b 38 0 3 /R TS 3 22 (3] H RTAI A
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NRBC #I PLT Z%( 0l MM 835 5107 800t 5 2, A Feidad [ml it 734 NRBC Bk PLT Xf#)i2
MM &3 F 7 8PP ANME -

2. MR ERE*E
2.1. HRMcEE

2.1.1. BERERE

WeEE H 2020 4 5 H #2023 4 5 HEERBEHUZH 115 6] MM BE AR R, Horb Bk 54 41,
2t 61 B, AR 67 (46~85)% o FTH B BRI . 1897 7 AT RO Z IR 2020 21T R

(hEZ R EBEIZIATEE) [4]. IAARHE: FFETREIZWRERIYISHIE B, mIRTIR 2%,

Brbnitk: &AM M RGN ARSI O . BESEmEREAS: Kw PR
77 RAAEGTT s B EEREE R . A ARGERCES A SAEGCHES: PJ2025-08-90), HHH O
A FE A .
2.1.2. FRARESKEN

AR BB WIS R . 100 2RI P 4 (Eastern Cooperative Oncology Group, ECOG) 43+ DS
(Durie-Salmon stage)7 3. [E b #8584 433 & Si(International Staging System, ISS). &)= [E i $878 7
A Z 4t (Revised International Staging System, R-ISS). M ZIZL 411 F 73 L (Ret%). Ifil 415 F1(Hb). NRBC.
M/MRPLT). FLER M AEE(LDH) SR E H(5-MG). HIEEREA (). JRER(UA). WLEF(Cr). HEA
(ALB). 5% (Ca?"). %N JR A7 4242 (Fluorescence In Situ Hybridization, FISH). ]2} & & B2 Ik
IR AL
213. BTHFR

T R T R K4 3 DA R A0 1) ) (B 5 2 oK) R M E K s ) — K7 SR R Rl K — 2385 06T
MR ARG G 1% 07 Rl R BCE 2 2 L B G B (PDD). YD FE Ji%(VTD) AR 25 25 (PAD) B it =Bk
TT%R. 18IT LA 28 RN 1 AR, BB y7 80U e sz s A VPl A CERT 2~4 AN FE A P 1 IR i e Bl
PEE RSN, AR I R IR T R T RO R B IROT RO R ARMOK IR FE K
¥, B4 5B 3 DR Ve oK 2 0™ o ) Rl A 20 7 B 4 7 B IR T 2 U L KA

2.14. TR SREIBEYEE X KBET

G 2020 AT ) (P EZ K EEREI2ETRE) , MH W77, & 4 4RI E bR a5
J8 T_{E4H (International Myeloma Working Group, IMWG)Fr#EVEAN T 2, 43 4 5€ £ 2% fif (complete response,
CR). AEH U HIHR 53 22 fiF (very good partial response, VGPR). #8472 fi# (partial response, PR)+ i 2 & (stable
disease, SD)FI%J i3k & (progressive disease, PD). ¥ 4 N JEI7 2045 CR. VGPR. PR HIEF A ALIT
B2, ¥ SD. PD WEZ I NWIT IR KBRS B A s B 05507 AT U, BT 2
RS ROPPAL T A

H Fish K4 b2 del(17p)~ t(14; 16). t(4; 14). 1q21 8 25/4 W) B 2 UN B fa gtk 2
R, RZANE @ fLBE R .

2.2. GHES

KH SPSS 23.0 A AT HHE G 0o THECRELR A 2 15 FFEIES oA =R I +
br#EZE RN, KA 56, AEIES AR Lo A o P 4 803878, KA Mann-Whitney U #656; K .
[R & I Z [K 2% Logistic [81J9 40 BT #f 5 52097 RO R 25 18I Pearson AH IS 2 AT HE RS I8 67 fap o 46 00 F6 A
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IS s % IR 3R BT SO (B R 320 TAERFE 1 28 (receiver operating characteristic cure, ROC) AR,
b A it 2% T T #H(area under the curve, AUC), F£#1T Delong £56; P <0.05 NZERA SR L.

3. 58
3.1. WITHR A EEENIGHREEL R

ARAB AT RO FR 4 Jod T 6 263 BRMLST JoRL(S2 i), LU PILH IR 4R ME . NRBC R4EAS
W25 BAG TE o N BATE(S3 ) 5 (62 151 P 2H: PLT S ROC b 22 A 208 5 50t & e AR AR T E 148 (AUC
0.736, BUKEE 0.778, i+ 0.673), PLT> 148 Jy=ifHZH(68 f5]), PLT <148 NAKAELL(47 #); &5HR$en
7 B BEAM BT AT ERCAMER] . ALB. LDH. Cr. Ca'. Ret%. #EREE &Y. b7 7 /%1
Giit 2 R(P>0.05); CAEFER . ECOG ¥4 DS 70, ISS Al R-ISS 731, NRBC. PLT. Ig. Hb.
UA. Bo-MG. EEGH &GS R E SR A ST 2 7 (P<0.05); A7 B8 FR B oR(P <0.001),
ECOG 43 # &(P < 0.001). DS I #A(P < 0.001) A A 1SS F1 R-ISS TIT $#H &5 L5 &P = 0.012. P < 0.001),
HIFE GRS R % (P =0.001). NRBC >0 (P <0.001). PLT < 148 (5 (P <0.001), Ig(P=0.017).
UA (P =0.002). S>-MG (P =0.006)%.3 T, Hb EEL(P <0.001). W& 1.

Table 1. Comparison of clinical data among groups classified by patients’ treatment efficacy [n (%), M (P2s, P75)]
F 1. BETHIER D ENIRKR BRI [1 (%), M (P2s, P1s)]

I R 2k B (n=63) T (n = 52) Zh? P
P 0.824 0.364
% 32 (50.8) 22 (42.3)
gy 31(49.2) 30 (57.7)
R 62 (56, 74) 72 (62, 77) -3.307 <0.001
ECOG V¥4 17.142 <0.001
<24y 58(92.1) 31 (59.6)
>2 4y 5(7.9) 21 (40.4)
DS 75 11.677 <0.001
I8 +11 3 37 (58.7) 14 (26.9)
111 34 26 (41.3) 38 (73.1)
ISS 431 6.239 0.012
13+ 10 4 34 (54.0) 16 (30.8)
111 34 29 (46.0) 36 (69.2)
R-ISS 43 14.712 <0.001
13+ 10 4 59 (93.7) 34 (65.4)
111 4 4(6.3) 18 (34.6)
CIANEE PR/ 0.016 0.899
Fis 54 (85.7) 45 (86.5)
P 9 (14.3) 7(13.5)
GItEEEE 10.526 0.001
5 56 (88.9) 33 (63.5)
2 7(11.1) 19 (36.5)

DOI: 10.12677/acm.2026.1631165 3577 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1631165

WIT % 0.073 0.964
PDD 28 (44.4) 24 (46.1)
VTD 8 (12.7) 7(13.5)
PAD 27 (42.9) 21 (40.4)
4 AN R T % 0.441 0.507
4 57 (90.5) 45 (86.5)
= 6(9.5) 7 (13.5)
NRBC% 24.004 <0.001
=0 47 (74.6) 15 (28.8)
>0 16 (25.4) 37(71.2)
PLT (x10%L) 23.606 <0.001
<148 13 (20.6) 34 (65.4)
>148 50 (79.4) 18 (34.6)
Ig (g/L) 28.9 (7.0, 60.9) 54.4 (27.4,71.0) -2.38 0.017
2-MG (mg/L) 4.8(2.9,9.1) 7.5 (5, 10) -2.727 0.006
Hb (g/L) 94.5 (73.8,111.3) 67.0 (56.0, 94.5) —4.499 <0.001
Ret% 1.8(1.4,2.3) 2.0(1.3,2.9) -1.205 0.288
LDH (U/L) 159.0 (129.5, 187.8) 167.5 (128.3, 236.0) -1.486 0.137
Cr (pmol/L) 71.5 (57.0, 109.8) 83.5 (67.3, 160.3) -1.652 0.098
UA (umol/L) 358.5 (303.5, 483.0) 459.5 (377.0, 577.5) -3.125 0.002
Ca?* (mmol/L) 23(2.1,2.4) 23(2.1,2.5) -0.551 0.582
ALB (g/L) 36.1(29.4, 40.1) 29.4(26.5,37.1) -1.177 0.239

3.2. ®NIFTHY Logistic [EYA 54

PA NRBC. PLT AIHAMIGIRZEME N B R, HEEITTACERH =1, AR = O NHBREIITHREER
logistic [F1J94347, o~ DS 40 (P <0.001). ISS 43 (P =0.013). R-ISS 43 H#A(P<0.001). E#4(P=0.002).
ECOG #43(P < 0.001). & & fEiifE225% % (P = 0.002). NRBC (P < 0.001). PLT (P <0.001). Hb (P <
0.001)~ $>-MG (P=0.011). UA (P=0.002). Ig (P =0.020)5EE 7B EMK. Ht—PxBEdtirLH
# logistic [FIHHT, EFEGIHAMLEAFEMIT LG, I NRBC (OR: 3.958, P = 0.021). PLT (OR:
10.536, P < 0.001). #5(OR: 1.083, P = 0.019) 4520 MM &3 F 17 UM 2k &=, 4 NRBC >
0. PLT < 148 #4250 MM 3 B 7 A Mo el e 2 . L3 2.

Table 2. Univariate and multivariate logistic regression analysis of curative effects

2. T BEE R K B EE logistic BYA5T#T

R R AT ZHEEST
I PR 5 3
OR (95%CI) P OR (95%CI) P
DS 4 #1(1-2 vs 3) 3.863 (1.750~8.527) <0.001 2.648 (0.743~9.438) 0.133
ISS 73 W(1-2 vs 3) 2.638 (1.222~5.695) 0.013
R-ISS 73+ A(1-2 vs 3) 7.809 (2.441~24.977) <0.001 3.196 (0.619~16.497) 0.165
(5 vs 20) 0.710 (0.339~1.488) 0.365
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RN () 1.072 (1.026~1.121) 0.002 1.083 (1.013~1.158) 0.019
ECOG ¥F43(<2 47 vs >2 4%) 7.858 (2.700~22.871) <0.001 1.120 (0.217~5.772) 0.892
WG FHEGLGE vs ) 0.933 (0.322~2.705) 0.899
B m B ERE R vs ) 4.606 (1.751~12.120) 0.002
1437 77 % (PDD vs VTD vs PAD) 1.072 (0.626~1.836) 0.800 1.335 (0.606~2.941) 0.474
4 AN B EHTTROE vs 1) 1.478 (0.464~4.706) 0.509 0.448 (0.084~2.390) 0.347
NRBC (>0 vs =0) 7.246 (3.173~16.545) <0.001 3.958 (1.229~12.750) 0.027
PLT (<148 vs >148) 7.265 (3.149~16.759) <0.001 10.536 (2.959~37.521)  <0.001
Hb (g/L) 0.966 (0.950~0.983) <0.001
f2-MG (mg/L) 1.183 (1.040~1.345) 0.011 0.898 (0.720~1.119) 0.338
ALB (g/L) 0.980 (0.935~1.027) 0.396
LDH (U/L) 1.003 (0.999~1.007) 0.149
Cr (umol/L) 1.003 (1.000~1.006) 0.088
UA (umol/L) 1.004 (1.001~1.006) 0.002 1.003 (1.000~1.006) 0.090
Ca?* (mmol/L) 1.772 (0.722~4.349) 0.212
Ig (g/L) 1.013 (1.002~1.024) 0.020 1.005 (0.990~1.021) 0.514
Ret% 1.369 (0.963~1.948) 0.080

1 TERAE logistic BT P <0.05 IFEFR LA R Fa p IR K = BRI R, BN Z IR E logistic BV 5347
FEF| DS /15 Hb. Ca? 28K ZEAASE, 1SS 2815 £-MG I ALB #15%, T R-ISS 2} HA7E ISS 7> Wit 454 7 &
BEIFm B R, B RUIX A G Z AR IE L R E T4, BIfE Hb. 1SS 733, £-MG 2548 b5 HL R 2[R
AN AR, ZHE logistic [FHAHTH UK DS 43 #15 R-ISS A fE v B AE &G A

3.3. NRBC # PLT 5§ MM BB L2 fer#5#RAY Pearson F8X 1947

HRZ NRBC 5 PLT A& A MR S A (R sgma 48 bR, 30X AT T Pearson AHOGPES M. 25
S NRBC il LDH 7K°F-. PLT fil Ig W TE R ZF LML R(P > 0.05), Ui NRBC 1 PLT A5Z/MJ8
R ARBE I R2 I, AT VE T RIS T AR bR . LI 1.

8 400+ =-0.1586
. 1 =0.008528 ;L—o 012
6 . P=0.9279  _ so04 . ° :
L[]
S S
O had « ° = ™ *e° . °
— 0 L4

§ 4 . X 2008 . N ° s
Zz [y [ = se

2 .. * Z 10050 e *F.

o g% o0 ° o '. ¢ '.‘co .0.
0- »-2 T ° L4 1 0 T T T 1
0 200 400 600 800 0 50 100 150 200
LDH(U/L) Ig(g/L)

Figure 1. Pearson analysis of NRBC/PLT and LDH/Ig
1. NRBC/PLT 5 LDH/Ig B Pearson 534f

3.4.NRBC #1 PLT 2 KB &R MM BETEIEHME
3k NRBC PLT S A JBc &R )7 0074l ROC #hZk, FHE4T Delong A6, Horp i sl
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Kl ROC1. ROC2 1) AUC 43514 0.729 (95%CT: 0.631~0.824, Z: —3.933, P < 0.001). 0.724 (95%CI:
0.628~0.820, Z: —2.141, P=0.032), ZEALTMWHEELS ROC3 ] AUC 0.811 (95%CI: 0.731~0.891). NRBC
G PLT AU MM 2 BT 250 P st 2 00 T3 —Fabm . W% 3. & 2.

Table 3. Evaluation of therapeutic efficacy through separate and combined detection of NRBC and PLT
3% 3. NRBC #1 PLT B30 K BX A 48 X7 4080 1F 44

AUC 95%CI z P
ROC 1 0.729 0.634~0.824 -3.933 <0.001
ROC 2 0.724 0.628~0.820 —2.141 0.032
ROC 3 0.811 0.731~0.891 Z% -

7F: ROCI JA NRBC il MM B BT S0P i 26, ROC2 o4 PLT il MM B BT S0P 2k, ROC3
N NRBC B4 PLT 5 MM H g T ROEAE 1 28; Delong F:36:7E ROC1 5 ROC3. ROC2 5 ROC3 Z [A#E47

1.0
NRBC
—PLT
0.8 NRBCHIPLTH: S

0.6

W 6 &

0.4

0.2

0.0
0.0 0.2 04 0.6 0.8 1.0

- ik

Figure 2. ROC curve for efficacy prediction
2. TrFNEY ROC BhZk

3.5.NRBC > 0 EEEREZEIH

NERDT NRBC FHHZKPXHT 20R s M AR B, 13E— 20 % NRBC PP &3 g AT 2R A Pl A, AR 39T 2L
a3 ST (16 BFIAGTT TCRL3T ), HLE PR AR IE . 45 487 NRBC FHPE LA P9 4ky7 A 24
AT ST ERANAE SRS . NRBC PLT. Hb B GtiH 2 (P <0.05); 1bI7 LR B R (P=0.010).
NRBC 7K F 5 #&(P < 0.001). PLT #1 Hb /KFHEAK(P =0.006. P=0.026), W% 4.

W e rh 41 LA & LR FRAERS . NRBC. PLT. Hb PAX 26 F8 B L5E 19 MM S0 R 25 R-ISS 43
. Bo-MG. ECOG W43t A% K3 logistic [FIJA534T, 45 RN NRBC A7 8 ML /& 56 K 2 (OR: 5.183,
95%CI: 1.387~19.437, P=0.015). #— 1 BI#E NRBC FAPETEZH P, NRBC % 58197 20 70 = FAE H
NRBC 30 1 547, A7 BRUW AT Re e 42 5.183 fi.
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Table 4. Comparison of clinical data on the early treatment outcomes of NRBC-positive patients

7% 4. NRBC PR 2E FHIATT SR I R ZHRI L5

I R R H¥(n=16) T (n=37) Zly P
PES 2742 0.098
Lil 10 (62.5) 14 (37.8)
S 6 (37.5) 23 (62.2)
S 62 (55,68) 72 (63,78) -2.571 0.010
ECOG 41 1.582 0.208
<24y 12 (75.0) 21 (56.8)
>2 43 4(25.0) 16 (43.2)
DS 43} 1.434 0.231
18] +11 4 7(43.8) 10 (27.0)
11 4 9 (56.2) 27 (73.0)
ISS 434 0.956 0.328
18] + 11 4 6 (37.5) 9 (24.3)
11 4 10 (62.5) 28 (75.7)
R-ISS 43 # 2.283 0.131
I8 +11 4 14 (87.5) 25 (67.6)
11 4 2(12.5) 12 (32.4)
GNP IR 1.045 0.307
i 12 (75.0) 32 (86.5)
& 4(25.0) 5(13.5)
I R A 2 0.527 0.468
% 12 (75.0) 24 (64.9)
= 4(25.0) 13 (35.1)
NRBC% 0.2 (0.1, 0.6) 1.2 (0.8, 3.1) —4.293 <0.001
PLT (x10%/L) 161.0 (139.0, 221.0) 118.5 (73.0, 171.3) —2.752 0.006
Ig (g/L) 64.0 (5.5, 78.6) 61.6 (46.4, 87.2) -1.193 0.233
S2-MG (mg/L) 7.6 (3.3, 10) 8.5 (5.1, 10) -1.126 0.260
Hb (g/L) 88.0 (61.0, 99.0) 60.5 (51.0, 73.3) -2.220 0.026
Ret% 1.7 (1.4,2.6) 2.1(1.4,3.3) -1.260 0.208
LDH (U/L) 152.0 (116.0, 187.0) 181.5 (132.0, 234.0) -1.056 0.291
Cr (umol/L) 76.0 (64.0, 88.0) 78.5 (60.5, 165.3) -0.979 0.328
UA (umol/L) 418.0 (332.0, 492.0) 487.5 (393.8, 648.5) -1.821 0.069
Ca?* (mmol/L) 2.4(22,2.6) 2.3(2.0,2.6) -0.707 0.479
ALB (g/L) 31.3 (26.8, 39.2) 28.7 (24.5,34.3) -0.591 0.555
4. ¥ig

MM & — YT R A A0 M P P e B P VB, AR B b S R A o PR B B e e
BRI AR WIS B R B IhREIRTE . SIS — RYFLE T B B, RO R AR MR R
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GuBYERR b G TR, BRI DA, IRIRIEST M R[S]. D4Rk, B R A B A
G 2 VR T 7R S B ) 25 R L, DA e K R R AT 75 RO MM — £ 3107 1 ik
B, WERAT BERNRIT NSRS AL, ARSI FERE MM B E— 807 197 87
REMEZES, W0 BRI BERAE6] [7]. PRI MM S5 ST HI7 R0, 60 ik sk s B
SRR YT R RIS B B IG RSB

. ECOG VP4 Bl I RS, mfaistft =74 . Ig. Hby f-MG. UA FHEFRE 1P MM 3%
— R BURT IR 7 O B R AR [8]. 4RI . ECOG P 7m B 2 B AR, il AR REIR S £ ¥
B G HIATTBURAE; DS, 1SS, R-ISS Z54 IR W& 1 fof 538 B85, & H TR &) 72 BB VRS
TH9]: mfEilt L R b2 MM 837 AAES T A R EZENEREK[S]: Ig. f-MG | iZH T MM
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